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Title Best Available Techniques (BAT) Reference Document for Common Waste Water and Waste Gas
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Abstract

The BAT reference document (BREF) entitled 'Common Waste Water and Waste Gas Treatment/Management
Systems in the Chemical Sector' forms part of a series presenting the results of an exchange of information between
EU Member States, the industries concerned, non-governmental organisations promoting environmental protection,
and the Commission, to draw up, review and, where necessary, update BAT reference documents as required by
Article 13(1) of the Directive 2010/75/EU on industrial emissions. This document is published by the European
Commission pursuant to Article 13(6) of the Directive. This BREF for Common Waste Water and Waste Gas
Treatment/Management Systems in the Chemical Sector concerns the activities specified in Sections 4 and 6.11 of
Annex I to Directive 2010/75/EU, namely:

- Section 4: Chemical industry;
- Section 6.11: Independently operated treatment of waste water not covered by Council Directive 91/271/EEC and
discharged by an installation undertaking activities covered under Section 4 of Annex I to Directive 2010/75/EU.

This document also covers the combined treatment of waste water from different origins if the main pollutant load
originates from the activities covered under Section 4 of Annex I to Directive 2010/75/EU.

In particular, this document covers the following issues:

- environmental management systems;

- water saving;

- waste water management, collection, and treatment;

- waste management;

- treatment of waste water sludge with the exception of incineration;
- waste gas management, collection, and treatment;

- flaring;

- diffuse emissions of volatile organic compounds (VOCs) to air;
- odour emissions;

- noise emissions.

Important issues for the implementation of Directive 2010/75/EU in the chemical industry are emissions to air and
water. This BREF contains six chapters. Chapter 1 provides general information on waste water and waste gas.
Chapter 2 provides data and information concerning the environmental performance of waste water treatment plants
(WWTPs) at chemical sites. Chapter 3 describes in more detail the techniques to prevent or, where this is not
practicable, to reduce the environmental impact of operating installations in this sector that were considered in
determining the BAT. This information includes, where relevant, the environmental performance levels (e.g. emission
and consumption levels) which can be achieved by using the techniques, the associated monitoring and the costs and
the cross-media issues associated with the techniques. Chapter 4 presents the BAT conclusions as defined in Article
3(12) of the Directive. Chapter 5 presents information on 'emerging techniques' as defined in Article 3(14) of the
Directive. Chapter 6 is dedicated to concluding remarks and recommendations for future work.
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Preface

PREFACE

1. Status of this document

Unless otherwise stated, references to 'the Directive' in this document refer to Directive
2010/75/EU of the European Parliament and the Council on industrial emissions (integrated
pollution prevention and control) (Recast).

The original best available techniques (BAT) reference document (BREF) for Common Waste
Water and Waste Gas Treatment/Management Systems in the Chemical Sector was adopted by
the European Commission in 2003. This document is the result of a review of that BREF. The
review commenced in January 2008.

This BAT reference document for Common Waste Water and Waste Gas
Treatment/Management Systems in the Chemical Sector forms part of a series presenting the
results of an exchange of information between EU Member States, the industries concerned,
non-governmental organisations promoting environmental protection and the Commission, to
draw up, review and, where necessary, update BAT reference documents as required by Article
13(1) of the Directive. This document is published by the European Commission pursuant to
Article 13(6) of the Directive.

As set out in Article 13(5) of the Directive, the Commission Implementing Decision
(EU) 2016/902 on the BAT conclusions contained in Chapter 4 was adopted on 30 May 2016
and published on 9 June 2016'.

2. Participants in the information exchange

As required in Article 13(3) of the Directive, the Commission has established a forum to
promote the exchange of information, which is composed of representatives from Member
States, the industries concerned and non-governmental organisations promoting environmental
protection (Commission Decision of 16 May 2011 establishing a forum for the exchange of
information pursuant to Article 13 of the Directive 2010/75/EU on industrial emissions (2011/C
146/03), OJ C 146, 17.05.2011, p. 3).

Forum members have nominated technical experts constituting the technical working group
(TWQG) that was the main source of information for drafting this document. The work of the
TWG was led by the European IPPC Bureau (of the Commission's Joint Research Centre).

3.Structure and contents of this document

Chapter 1 provides general information on waste water and waste gas, including general
information on management and treatment systems used within the chemical industry.

Chapter 2 provides data and information concerning the environmental performance of waste
water treatment plants (WWTPs) at chemical sites, and in operation at the time of writing, in
terms of current emissions, consumption and nature of raw materials, water consumption, use of
energy and the generation of waste.

Chapter 3 describes in more detail the techniques to prevent or, where this is not practicable, to
reduce the environmental impact of operating installations in this sector that were considered in
determining the BAT. This information includes, where relevant, the environmental
performance levels (e.g. emission and consumption levels) which can be achieved by using the

"OJ L 152,9.6.2016, p. 23.
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techniques, the associated monitoring and the costs and the cross-media issues associated with
the techniques.

Chapter 4 presents the BAT conclusions as defined in Article 3(12) of the Directive.

Chapter 5 presents information on 'emerging techniques' as defined in Article 3(14) of the
Directive.

Concluding remarks and recommendations for future work are presented in Chapter 6.

4.Information sources

This document is based on information collected from a number of sources, in particular
through the TWG that was established specifically for the exchange of information under
Article 13 of the Directive. The information has been collated and assessed by the European
IPPC Bureau (of the Commission's Joint Research Centre) who led the work on determining
BAT, guided by the principles of technical expertise, transparency and neutrality. The work of
the TWG and all other contributors is gratefully acknowledged.

The BAT conclusions have been established through an iterative process involving the
following steps:

. identification of the key environmental issues for the sector;
examination of the techniques most relevant to address these key issues;

. identification of the best environmental performance levels, on the basis of the available
data in the European Union and worldwide;

. examination of the conditions under which these environmental performance levels were

achieved, such as costs, cross-media effects, and the main driving forces involved in the
implementation of the techniques;

. selection of the best available techniques (BAT), their associated emission levels (and
other environmental performance levels) and the associated monitoring for this sector
according to Article 3(10) of, and Annex III to, the Directive.

Expert judgement by the European IPPC Bureau and the TWG has played a key role in each of
these steps and the way in which the information is presented here.

Where available, economic data have been given together with the descriptions of the
techniques presented in Chapter 3. These data give a rough indication of the magnitude of the
costs and benefits. However, the actual costs and benefits of applying a technique may depend
strongly on the specific situation of the installation concerned, which cannot be evaluated fully
in this document. In the absence of data concerning costs, conclusions on the economic viability
of techniques are drawn from observations on existing installations.

5. Review of BAT reference documents (BREFS)

BAT is a dynamic concept and so the review of BREFs is a continuing process. For example,
new measures and techniques may emerge, science and technologies are continuously
developing and new or emerging processes are being successfully introduced into the industries.
In order to reflect such changes and their consequences for BAT, this document will be
periodically reviewed and, if necessary, updated accordingly.

i Common Waste Water and Waste Gas Treatment/Management Systems in the Chemical Sector
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6. Contact information

All comments and suggestions should be made to the European IPPC Bureau at the Directorate
B - Growth and Innovation at the following address:

European Commission

JRC Directorate B - Growth and Innovation
European IPPC Bureau

Edificio Expo

c¢/Inca Garcilaso, 3

E-41092 Seville, Spain

Telephone: +34 95 4488 284

Fax: +34 95 4488 426

E-mail: JRC-IPTS-EIPPCB@ec.curopa.cu
Internet: http://eippcb.jrc.ec.europa.eu

Common Waste Water and Waste Gas Treatment/Management Systems in the Chemical Sector iii
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Scope

SCOPE

This BREF for Common Waste Water and Waste Gas Treatment/Management Systems in the
Chemical Sector concerns the activities specified in Sections 4 and 6.11 of Annex I to Directive
2010/75/EU, namely:

o Section 4: Chemical industry;

o Section 6.11: Independently operated treatment of waste water not covered by Council
Directive 91/271/EEC and discharged by an installation undertaking activities covered
under Section 4 of Annex I to Directive 2010/75/EU.

This document also covers the combined treatment of waste water from different origins if the
main pollutant load originates from the activities covered under Section 4 of Annex I to
Directive 2010/75/EU.

In particular, this document covers the following issues:

environmental management systems;

water saving;

waste water management, collection, and treatment;

waste management;

treatment of waste water sludge with the exception of incineration;
waste gas management, collection, and treatment;

flaring;

diffuse emissions of volatile organic compounds (VOCs) to air;
odour emissions;

noise emissions.

Other reference documents which could be relevant for the activities covered by this document
are the following:

eProduction of Chlor-alkali (CAK);

eManufacture of Large Volume Inorganic Chemicals — Ammonia, Acids and Fertilisers
(LVIC-AAF);

eManufacture of Large Volume Inorganic Chemicals — Solids and Others Industry (LVIC-
S);

eProduction of Speciality Inorganic Chemicals (SIC);

eLarge Volume Organic Chemical Industry (LVOC);

eManufacture of Organic Fine Chemicals (OFC);

eProduction of Polymers (POL);

eEmissions from Storage (EFS);

eEnergy Efficiency (ENE);

eMonitoring of Emissions to Air and Water from IED installations (ROM);

eIndustrial Cooling Systems (ICS);

eLarge Combustion Plants (LCP);

eWaste Incineration (WI);

eWaste Treatments Industries (WT);

eEconomics and Cross-media Effects (ECM).

The scope of this document does not include matters that only concern safety in the workplace
or the safety of products because these matters are not covered by the Directive. They are
discussed only where they affect matters within the scope of the Directive.
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BREF interface

A schematic on the main and typical interface between the CWW BREF and the other chemical
BREFs concerning waste water treatment techniques is shown in Figure 1.

E Waste water

s
H

—— Site boundary

— \Waste water flow

Waste water/techniques covered by the CWW BREF
Waste water/techniques covered by other chemical BREFs

Waste water from IED
chemical activities

Waste water from other
activities (on site)

Waste water from other
activities (off site)

i i Recovery i
i {atsource

Process-
integrated
techniques

Final treatment
(off site with main
pollutant load from i
i chemical activities) (%) i

Final treatment
(on site with main
pollutant load from
chemical activities)

T—

/__\_’_4/—_\
/\—

!

Final treatment
(off site with main
pollutant load from
other activities) (?)

/\
/\

/’_\/'Rece“/i ng water \/’_\

() This may be an independently operated waste water treatment plant according to Section 6.11 of Annex I to

Directive 2010/75/EU.

(%) This is typically a municipal waste water treatment plant. It may also be an independently operated waste water
treatment plant according to Section 6.11 of Annex I to Directive 2010/75/EU.
Source: [ 246, EIPPCB 2014 ]

Figure 1: The main and typical interface between the CWW BREF and the other chemical
BREFs concerning waste water treatment techniques
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1 GENERAL INFORMATION

1.1 The chemical industry sector in Europe

1.1.1 Industrial and economic development

The EU chemical industry sector provides a significant contribution to the EU economy. It is
one of its most international and competitive industries, connected to a wide field of processing
and manufacturing activities. Its output covers a wide range of chemical products, and supplies
virtually all sectors of the economy. In 2011, total chemical sales in the EU-27 amounted to
EUR 539 billion, 19.6 % of world chemical sales in value terms. This share had declined from
29.8 % in 2001 although the total value of sales had been growing continuously, but overall
world chemical sales were growing at an even faster pace. In 2011, the EU-27 was the leading
exporter and importer of chemicals in the world, accounting for nearly 40 % of global trade,
defined as the total value of exports plus imports including intra-EU trade [ 2, CEFIC 2012 ].

The chemical sector in the EU-27 employed a total staff of about 1.19 million in 2011. The
sector also generated additional indirect jobs via the value chain, which was two times higher

than through direct employment. Direct employment decreased by an average annual rate of
1.9 % from 2002 to 2011 [ 2, CEFIC 2012 ].

1.1.2 Geographic distribution

Eight EU Member States accounted for approximately 90 % of European chemical production
in 2011 (Figure 1.1). Germany remained the largest chemicals producer in Europe, followed by
France, the Netherlands, and Italy. Together, these four countries generated 64.4 % of EU-27
chemical sales, valued at EUR 347.2 billion. The share was equivalent to nearly 90 %, or
EUR 480.3 billion, when the United Kingdom, Spain, Belgium, and Poland were included. The
other 19 EU Member States generated approximately 10 % of EU-27 chemical sales, valued at
EUR 58.8 billion, approximately half of which was attributable to four EU Member States,
namely Sweden, Austria, the Czech Republic and Finland [ 2, CEFIC 2012 ].

Total sales 2011: EUR 539 billion (%)

UK

Others

NL 3.1%
10.3%
Other Fj
10.9%1.2%
FR
15.4% SE
1.6%
DE 1.3%
29.0%

(") Sales of pharmaceuticals are excluded.
Source: [ 246, EIPPCB 2014 ] based on data from [ 2, CEFIC 2012 ]

Figure 1.1: Share per EU-27 Member State of total chemical industry sales in 2011
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1.1.3 Integrated chemical sites in Europe

A large share of chemical production in the EU-27 is carried out on integrated chemical sites
which present both challenges and opportunities with respect to pollution prevention and
control. Challenges include dealing with the possible complexity of the interconnections and
interdependence between chemical installations. Opportunities include the recycling or reuse of
material, energy or water as well as the use of common equipment that can enhance the
capability and efficiency to respond to emergency situations and to prevent or minimise
environmental impacts and damage. Central waste water treatment plants and central
incineration/oxidation plants are examples of such common equipment. In accordance with the
principles of the Industrial Emissions Directive (2010/75/EU) and other Community legislation,
prevention of pollution is preferred over control, when this is feasible. This is the reason why
the treatment of waste water or waste gas is an option that is considered after examining the
various options to prevent emissions and waste.

Incineration can also provide a means for the recovery of energy (e.g. the production of steam
and/or electricity) and materials (often chemicals) from wastes. When central incineration is
carried out, special attention is usually given to periods when the central treatment is
unavailable, e.g. for maintenance reasons. In such cases, backup systems (e.g. decentralised) are
generally available.

2 Common Waste Water and Waste Gas Treatment/Management Systems in the Chemical Sector
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1.2  Environmental relevance of the chemical industry

1.2.1 Overview

Issues of environmental relevance of the chemical industry sector include [ 15, CEFIC 2012 ]:

o energy efficiency;

o emissions of (halogenated) organic compounds, nutrients (nitrogen, phosphorus) and
metals to water;

o emissions of volatile organic compounds (VOCs) and acidifying gases (ammonia, sulphur
oxides and nitrogen oxides) to air;

o waste generation.

Much of the data in the following sections was taken from the European Pollutant Release and
Transfer Register (E-PRTR) that covers large industrial installations. For the year 2010, the
E-PRTR contained emission data from approximately 14 000 installations in the EU-27 plus
Iceland, Liechtenstein, Norway and Serbia, of which approximately 900 belonged to the
chemical industry sector. The definition of the chemical industry sector in the E-PRTR is the
same as in the Industrial Emissions Directive 2010/75/EU (IED) [ 5, Directive 2010/75/EU
2010][ 16, E-PRTR 2013 ].

The data from the E-PRTR give an overview of the relative importance of a specific pollutant
for a given industry sector. However, total emissions from a particular industry sector are
usually higher because the E-PRTR only contains emission data from those installations
exceeding a certain threshold value. Moreover, emissions to water may occur indirectly via
municipal or independently operated industrial waste water plants. In these cases emissions
would be reported under another category.

Other data were taken from the statistical database of Eurostat. The sectors/activities are defined
in the Statistical Classification of Economic Activities in the European Community (NACE)
[ 23, Eurostat 2013 ].

1.2.2 Energy efficiency

The total consumption of energy of the chemical industry sector amounted to 50.4 million
tonnes of oil equivalent (TOE) in 2009 (equivalent to 2.1 EJ). From 1990 to 2009, consumption
fell by nearly 27 %. During this period, annual production climbed on average 2.5 % while
energy consumption fell 1.7 % which is equivalent to an overall decrease in energy intensity of
approximately 55 % [ 15, CEFIC 2012 ]. In 2011, the total final energy consumption in the
EU-27 amounted to 46.19 EJ (1 EJ=10"1J) (Figure 1.2). The largest share of energy was
consumed for transport, followed by industrial activities and residential consumption. The
chemical and petrochemical industry sector consumed 2.33 EJ which was equivalent to 5.0 % of
the total final energy consumed in the EU-27.

Common Waste Water and Waste Gas Treatment/Management Systems in the Chemical Sector 3



Chapter 1

Residential:
11.42 EJ, 24.7 %

Services:

5.88 EJ, 12.7 %

Other sectors/activities:

1.63EJ,35%

Total final energy consumption: 46.19 EJ (%)

1.38EJ,3.0%

Paper, pulp and print:

Non-metallic minerals:

1.56 EJ, 3.4 %

Food and
tobacco:
1.17EJ,25%

Transport:
15.24 EJ, 33.0 %

/

Chemical and
petrochemical:
2.33EJ,5.0%

Other industry:
2.99EJ, 6.5%

Industry:
12.02 EJ, 26.0 %

Metals:
259 EJ, 5.6 %

(") Coverage: EU-27; sectors/activities as defined in the Statistical Classification of Economic Activities in the
European Community (NACE); 'Chemical and petrochemical' refers to NACE C19 — C22.

Source: [ 246, EIPPCB 2014 ] based on data from [ 23, Eurostat 2013 ]

Figure 1.2:

Total final energy consumption by industry sector/activity in the EU-27 in 2011
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1.2.3 Emissions to water

1.23.1 Organic compounds

Emissions of organic compounds to water by industry sector, reported as total organic carbon
(TOC), are shown in Figure 1.3. In 2010, 126 installations of the chemical industry sector
emitted a total of 29.5 kt of TOC to water, representing 4.0 % of the total amount of TOC
emitted to water by all installations covered by the E-PRTR. The largest share of TOC
emissions originated from urban waste water treatment plants, followed by intensive
aquaculture, and then by paper and wood production and processing. Within the chemical
industry sector, the production of basic organic chemicals was responsible for more than 65 %
of all TOC emissions.

Independently operated industrial
waste water treatment plants:
19 installations, 16.8 kt, 2.3 %

Other waste and waste water
management:
52 installations, 17.7 kt, 2.4 %

Total number of installations: 1921 (%)
Total TOC emissions to water: 746.5 kt

Food and beverages:

Urban waste water treatment: 47 installations, 17.5 kt, 2.3 %

790 installations, 293.0 kt, 39.2 %

Other sectors/activities:
108 installations, 20.9 kt, 2.8 %

Basic inorganic chemicals:
15 installations, 6.4 kt, 0.9 %

Basic pharmaceutical products:
19 installations, 2.6 kt, 0.3 %

Other chemicals:
5installations, 0.7 kt, 0.1 %

Chemical industry:
126 installations, 29.5 kt, 4.0 %

Paper and wood:
195 installations, 152.2 kt, 20.4 %

Basic organic chemicals:

Intensive aquaculture: > ]
87 installations, 19.8 kt, 2.7 %

584 installations, 198.9 kt, 26.6 %

(") Coverage: EU-27 plus Iceland, Liechtenstein, Norway and Serbia; industry sectors covered by Annex I of the
E-PRTR with capacity thresholds described therein; installations with emissions of total organic carbon (TOC)
(as total C or COD/3) of more than 50 t/yr; normal operation.

NB: COD = chemical oxygen demand.

Source: [ 246, EIPPCB 2014 ] based on data from [ 16, E-PRTR 2013 ]

Figure 1.3: Emissions of organic compounds to water by industry sector/activity in Europe in

2010
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1.2.3.2 Halogenated organic compounds

Emissions of halogenated organic compounds to water by industry sector, reported as
adsorbable organically bound halogens (AOX), are shown in Figure1.4. In 2010,
33 installations of the chemical industry sector emitted a total of 353t of AOX to water,
representing 8.5 % of the total amount of AOX emitted to water by all installations covered by
the E-PRTR. The largest share of AOX emissions originated from paper and wood production
and processing, followed by urban waste water treatment plants. Within the chemical industry
sector, the production of basic organic chemicals was responsible for almost 90 % of all AOX
emissions.

Other waste and waste water Total number of installations: 374 (%)
management: Total AOX emissions to water: 4166 t
22 installations, 591t, 14.2 %

Urban waste water treatment:
232 installations, 1045t, 25.1 %

Basic inorganic chemicals:
6 installations, 25t, 0.6 %

Other sectors/activities:
26 installations, 179t, 4.3 %

Chemical industry:

Other chemicals:
33 installations, 353 t, 8.5 %

6 installations, 14 t, 0.3 %

Paper and wood: Basic organic chemicals:
61 installations, 1997 t, 47.9 % 21 installations, 314 t, 7.5 %

(") Coverage: EU-27 plus Iceland, Liechtenstein, Norway and Serbia; industry sectors covered by Annex I of the
E-PRTR with capacity thresholds described therein; installations with emissions of adsorbable organically bound
halogens (AOX) of more than 1 t/yr; normal operation.

Source: [ 246, EIPPCB 2014 ] based on data from [ 16, E-PRTR 2013 ]

Figure 1.4: Emissions of halogenated organic compounds to water by industry sector/activity in
Europe in 2010
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1.2.33 Nitrogen

Emissions of nitrogen to water by industry sector are shown in Figure 1.5. In 2010,
93 installations of the chemical industry sector emitted a total of 26.0 kt of total nitrogen to
water, representing 5.9 % of the total amount of nitrogen emitted to water by all installations
covered by the E-PRTR. The largest share of nitrogen emissions originated from urban waste
water treatment plants. Within the chemical industry sector, the production of basic organic
chemicals, the production of basic inorganic chemicals, and the production of fertilisers were
responsible for more than 90 % of all nitrogen emissions.

Total number of installations: 1542 (%)

Other waste and waste water Intensive aquaculture: h 2
Total nitrogen emissions to water: 438.6 kt

management: 377 installations, 37.7 kt, 8.6 %
67 installations, 12.9 kt, 2.9 %

Metals:
36 installations, 8.6 kt, 2.0 %

Paper and wood:
55 installations, 6.4 kt, 1.5 %

Other sectors/activities:

70 installations, 13.1 kt, 3.0 % Fertilisers:
18 installations, 7.4 kt, 1.7 %

Basic pharmaceutical products:
7 installations, 1.7 kt, 0.4 %

Other chemicals:
3installations, 0.2 kt, 0.0 %

Basic organic chemicals:
29 installations, 8.1 kt, 1.9 %

Chemical industry: Basic inorganic chemicals:
93 installations, 26.0 kt, 5.9 % 36 installations, 8.5 kt, 1.9 %

Urban waste water treatment:
844 installations, 334.0 kt, 76.1 %

(") Coverage: EU-27 plus Iceland, Liechtenstein, Norway and Serbia; industry sectors covered by Annex I of the
E-PRTR with capacity thresholds described therein; installations with emissions of total nitrogen of more than
50 t/yr; normal operation.

Source: [ 246, EIPPCB 2014 ] based on data from [ 16, E-PRTR 2013 ]

Figure 1.5: Emissions of total nitrogen to water by industry sector/activity in Europe in 2010

Common Waste Water and Waste Gas Treatment/Management Systems in the Chemical Sector 7



Chapter 1

1.2.34

Phosphorus

Emissions of phosphorus to water by industry sector are shown in Figure 1.6. In 2010, 55
installations of the chemical industry sector emitted a total of 10.3 kt of total phosphorus to
water, representing 17.5 % of the total amount of phosphorus emitted to water by all
installations covered by the E-PRTR. The largest share of phosphorus emissions originated from
urban waste water treatment plants. Within the chemical industry sector, a few installations
producing basic pharmaceutical products were responsible for more than 90 % of all phosphorus

emissions.

Intensive aquaculture:
575 installations, 7.90 kt, 13.4 %

Other waste and waste water
management:
55 installations, 1.30 kt, 2.2 %

Total number of installations: 1534 (%)
Total phosphorous emissions to water: 58.94 kt

Food and beverages:

39 installations, 1.49 kt, 2.5 %

Other sectors/activities:
93 installations, 1.35 kt, 2.3 %

Urban waste water treatment:

Chemical industry:
53 installations, 10.30 kt, 17.5 %

719 installations, 36.60 kt, 62.1 %

Basic pharmaceutical products:
9 installations, 9.41 kt, 16.0 %

Basic organic chemicals:
25 installations, 0.45 kt, 0.8 %

Basic inorganic chemicals:
12 installations, 0.32 kt, 0.5 %

Fertilisers:

6 installations, 0.12 kt, 0.2 %

(") Coverage: EU-27 plus Iceland, Liechtenstein, Norway and Serbia; industry sectors covered by Annex I of the
E-PRTR with capacity thresholds described therein; installations with emissions of total phosphorus of more than

5 t/yr; normal operation.

Source: [ 246, EIPPCB 2014 ] based on data from [ 16, E-PRTR 2013 ]

Figure 1.6: Emissions of total phosphorus to water by industry sector/activity in Europe in 2010
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1.2.3.5 Cadmium

Emissions of cadmium to water by industry sector are shown in Figure 1.7. In 2010,
25 installations of the chemical industry sector emitted a total of 0.89 t of cadmium to water,
representing 4.8 % of the total amount of cadmium emitted to water by all installations covered
by the E-PRTR. The largest share of cadmium emissions originated from urban waste water
treatment plants. Within the chemical industry sector, the production of basic inorganic
chemicals was responsible for almost 70 % of all cadmium emissions.

Non-ferrous metals: Underground mining: Total number of installations: 367 ()
21 installations, 1.25 t, 6.8 % 10 installations, 0.75t, 4.1 % Total cadmium emissions to water: 18.53 t
Energy:

43 installations, 1.01t, 5.4 %

Iron and steel: . R K
13 installations, 1.27 t, 6.9 % Paper and wood: Basic inorganic chemicals:

48 installations, 1.00t, 5.4 % 16 installations, 0.62t, 3.4 %

Other sectors/activities:
52 installations, 1.14 t, 6.1 %

Other chemicals:
Chemical industry: 2 installations, 0.01t, 0.1 %

i i 0
Urban waste water treatment: 25 installations, 0.89t, 4.8 %

155 installations, 11.21 t, 60.5 % Basic organic chemicals:
7 installations, 0.26 t, 1.4 %

(") Coverage: EU-27 plus Iceland, Liechtenstein, Norway and Serbia; industry sectors covered by Annex I of the
E-PRTR with capacity thresholds described therein; installations with emissions of cadmium and compounds (as
Cd) of more than 5 kg/yr; normal operation.

Source: [ 246, EIPPCB 2014 ] based on data from [ 16, E-PRTR 2013 ]

Figure 1.7: Emissions of cadmium to water by industry sector/activity in Europe in 2010
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1.2.3.6 Chromium

Emissions of chromium to water by industry sector are shown in Figure 1.8. In 2010,
44 installations of the chemical industry sector emitted a total of 63.8 t of chromium to water,
representing 22.4 % of the total amount of chromium emitted to water by all installations
covered by the E-PRTR. The largest share of chromium emissions originated from urban waste
water treatment plants. Within the chemical industry sector, the production of basic inorganic

chemicals was responsible for 65 % of all chromium emissions.

Surface treatment using
organic solvents:

Iron and steel:
22 installations, 14.5t,5.1 %

2 installations, 15.3t, 5.4 %

Thermal power
station/Combustion:
3linstallations, 30.5t, 10.7 %

Tanning of hides and skins:
2 installations, 31.6 t, 11.1 %

Other sectors/activities:
135 installations, 30.1t, 10.6 %

Total number of installations: 429 (%)
Total chromium emissions to water: 284.4 t

Basic inorganic chemicals:
17 installations, 41.9t, 14.7 %

Chemical industry:
44 installations, 63.8t, 22.4 %

Urban waste water treatment:
193 installations, 98.6 t, 34.6 %

Other chemicals:
2 installations, 0.5, 0.2 %

(") Coverage: EU-27 plus Iceland, Liechtenstein, Norway and Serbia; industry sectors covered by Annex I of the
E-PRTR with capacity thresholds described therein; installations with emissions of chromium and compounds

Basic organic chemicals:
25 installations, 21.4t, 7.5 %

(as Cr) of more than 50 kg/yr; normal operation.
Source: [ 246, EIPPCB 2014 ] based on data from [ 16, E-PRTR 2013 ]

Figure 1.8: Emissions of chromium to water by industry sector/activity in Europe in 2010
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1.2.3.7

Copper

Emissions of copper to water by industry sector are shown in Figure 1.9. In 2010,
58 installations of the chemical industry sector emitted a total of 17.0t of copper to water,
representing 2.9 % of the total amount of copper emitted to water by all installations covered by
the E-PRTR. The largest share of copper emissions originated from urban waste water treatment
plants followed by opencast mining and quarrying. Within the chemical industry sector, the
production of basic organic chemicals was responsible for 65 % of all copper emissions.

Intensive aquaculture:

69 installations, 63.3t, 10.9 %

Underground mining:
11 installations, 18.2t, 3.2 %

Thermal power
station/Combustion:
82 installations, 63.7 t, 11.0 %

Opencast mining and quarrying:
10 installations, 152.6 t, 26.4 %

Total number of installations: 932 (%)
Total copper emissions to water: 578.5t

Paper and wood:

48 installations, 15.5t, 2.7 %

Basic inorganic chemicals:

18 installations, 4.8, 0.8 %

Other sectors/activities:
145 installations, 39.5t, 6.8 %

Chemical industry:
58 installations, 17.0t, 2.9 %

Other chemicals:
6 installations, 1.0t, 0.2 %

Urban waste water treatment:

509 installations, 208.6 t, 36.1 %

Basic organic chemicals:
34 installations, 11.2t, 1.9 %

(") Coverage: EU-27 plus Iceland, Liechtenstein, Norway and Serbia; industry sectors covered by Annex I of the
E-PRTR with capacity thresholds described therein; installations with emissions of copper and compounds (as
Cu) of more than 50 kg/yr; normal operation.

Source: [ 246, EIPPCB 2014 ] based on data from [ 16, E-PRTR 2013 ]

Figure 1.9:

Emissions of copper to water by industry sector/activity in Europe in 2010
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1.2.3.8 Mercury

Emissions of mercury to water by industry sector are shown in Figure 1.10. In 2010,
61 installations of the chemical industry sector emitted a total of 1 001 kg of mercury to water,
representing 23.5 % of the total amount of mercury emitted to water by all installations covered
by the E-PRTR. The largest share of mercury emissions originated from urban waste water
treatment plants. Within the chemical industry sector, the production of basic inorganic
chemicals was responsible for approximately 60 % of all mercury emissions. Many of the
chemical installations with emissions of mercury to water used or still use the mercury cell
technique for the production of chlorine and sodium/potassium hydroxide.

Total number of installations: 425 (%)
Total mercury emissions to water: 4259 kg

Thermal power Underground mining:

station/Combustion: 8 installations, 163 kg, 3.8 %
43 installations, 242 kg, 5.7 %

Other sectors/activities: Basic inorganic chemicals:
88 installations, 460 kg, 10.8 % 40 installations, 576 kg, 13.5 %

- - . Chemical industry: Other chemicals:
Mineral oil and gas refineries: 61 installations, 1001 kg, 23.5 % 7 installations, 15 kg, 0.3 %
17 installations, 645 kg, 15.1 %

Urban waste water treatment: Basic organic chemicals:
208 installations, 1750 kg, 41.1 % 14 installations, 410 kg, 9.6 %

(") Coverage: EU-27 plus Iceland, Liechtenstein, Norway and Serbia; industry sectors covered by Annex I of the E-
PRTR with capacity thresholds described therein; installations with emissions of mercury and compounds (as Hg)
of more than 1 kg/yr; normal operation.

Source: [ 246, EIPPCB 2014 ] based on data from [ 16, E-PRTR 2013 ]

Figure 1.10: Emissions of mercury to water by industry sector/activity in Europe in 2010
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1.2.3.9 Nickel

Emissions of nickel to water by industry sector are shown in Figure 1.11. In 2010,
100 installations of the chemical industry sector emitted a total of 24.5t of nickel to water,
representing 7.5 % of the total amount of nickel emitted to water by all installations covered by
the E-PRTR. The largest share of nickel emissions originated from urban waste water treatment
plants. Within the chemical industry sector, the production of basic organic and inorganic

chemicals were together responsible for more than 95 % of all nickel emissions.

Total number of installations: 1146 (%)

Iron and steel: Underground mining: : k)
Total nickel emissions to water: 324.9 t

40 installations, 22.5t, 6.9 % 21 installations, 7.1t,2.2 %

Non-ferrous metals:
30 installations, 7.0t, 2.1 %

Thermal power
station/Combustion:
72 installations, 32.3t, 10.0 %

Basic inorganic chemicals:
39 installations, 11.2t, 3.4 %

Other chemicals:
13 installations, 1.2t,0.4 %

Other sectors/activities:

360 installations, 43.1t, 13.3 %

Chemical industry:
100 installations, 24.5t, 7.5 %

Urban waste water treatment: Basic organic chemicals:
523 installations, 188.4 t, 58.0 % 48 installations, 12.1t, 3.7 %

(") Coverage: EU-27 plus Iceland, Liechtenstein, Norway and Serbia; industry sectors covered by Annex I of the
E-PRTR with capacity thresholds described therein; installations with emissions of nickel and compounds (as Ni)

of more than 20 kg/yr; normal operation.
Source: [ 246, EIPPCB 2014 ] based on data from [ 16, E-PRTR 2013 ]

Figure 1.11: Emissions of nickel to water by industry sector/activity in Europe in 2010
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1.2.3.10 Lead

Emissions of lead to water by industry sector are shown in Figure 1.12. In 2010, 47 installations
of the chemical industry sector emitted a total of 11.8 t of lead to water, representing 6.8 % of
the total amount of lead emitted to water by all installations covered by the E-PRTR. The largest
share of lead emissions originated from urban waste water treatment plants followed by
underground mining. Within the chemical industry sector, the production of basic inorganic
chemicals was responsible for more than 75 % of all lead emissions.

Thermal power
station/Combustion:

Iron and steel:
31l installations, 8.6 t,5.0 %

45 installations, 18.0t, 10.5 %

Underground mining:
19 installations, 41.6 t, 24.2 %

Total number of installations: 613 (%)
Total lead emissions to water: 172.2't

Other sectors/activities:
174 installations, 22.2t, 12.9 %

Basic inorganic chemicals:
26 installations, 9.1t,5.3 %

Chemical industry:
47 installations, 11.8t, 6.8 %

Urban waste water treatment:
297 installations, 70.0t, 40.7 %

Other chemicals:
6 installations, 0.3t,0.2 %

Basic organic chemicals:
15 installations, 2.4t, 1.4 %

(") Coverage: EU-27 plus Iceland, Liechtenstein, Norway and Serbia; industry sectors covered by Annex I of the
E-PRTR with capacity thresholds described therein; installations with emissions of lead and compounds (as Pb)
of more than 20 kg/yr; normal operation.

Source: [ 246, EIPPCB 2014 ] based on data from [ 16, E-PRTR 2013 ]

Figure 1.12: Emissions of lead to water by industry sector/activity in Europe in 2010
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1.23.11 Zinc

Emissions of zinc to water by industry sector are shown in Figure 1.13. In 2010,
115 installations of the chemical industry sector emitted a total of 150t of zinc to water,
representing 6.0 % of the total amount of zinc emitted to water by all installations covered by
the E-PRTR. The largest share of zinc emissions originated from urban waste water treatment
plants. Within the chemical industry sector, the production of basic organic and inorganic
chemicals were together responsible for almost 90 % of all zinc emissions.

Total number of installations: 1905 (%)

Iron and steel: Paper and wood: . o
Total zinc emissions to water: 2513 t

45 installations, 160 t, 6.4 % 90 installations, 159 t, 6.3 %

Thermal power — - -
station/Combustion: Basic inorganic chemicals:

86 installations, 116 t, 4.6 % 30 installations, 73, 2.9 %

Intensive aquaculture:
565 installations, 182t, 7.3 %

Other sectors/activities:
260 installations, 249t, 9.9 %

Other chemicals:

Underground mining:
g g 19 installations, 17 t, 0.7 %

44 installations, 260 t, 10.3 %

Chemical industry:
115 installations, 150 t, 6.0 %

Basic organic chemicals:

Urban waste water treatment: > '
66 installations, 61t, 2.4 %

700 installations, 1237 t, 49.2 %

(") Coverage: EU-27 plus Iceland, Liechtenstein, Norway and Serbia; industry sectors covered by Annex I of the
E-PRTR with capacity thresholds described therein; installations with emissions of zinc and compounds (as Zn)
of more than 100 kg/yr; normal operation.

Source: [ 246, EIPPCB 2014 ] based on data from [ 16, E-PRTR 2013 ]

Figure 1.13: Emissions of zinc to water by industry sector/activity in Europe in 2010
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1.2.4 Emissions to air
1.24.1 Non-methane volatile organic compounds (NMVOC)

The majority of emissions of non-methane volatile organic compounds (NMVOC) in the
chemical industry sector are diffuse/fugitive emissions or occur during storage, and both sources
are difficult to measure and quantify [ 15, CEFIC 2012 ]. NMVOC emissions to air by industry
sector are shown in Figure 1.14. In 2010, 226 installations of the chemical industry sector
emitted a total of 98.3 kt of NMVOC to air, representing 20.4 % of the total amount of NMVOC
emitted to air by all installations covered by the E-PRTR. The largest share of NMVOC
emissions originated from mineral oil and gas refineries. Within the chemical industry sector,
the production of basic organic chemicals was responsible for almost 75 % of all NMVOC
emissions.

Total number of installations: 917 (%)

Thermal power station/Combustion: Paper and wood: I :
Total NMVOC emissions to air: 481.3 kt

99 installations, 46.6 kt, 9.7 % 67 installations, 31.4 kt, 6.5 %

Underground mining:
27 installations, 23.5 kt, 6.3 %

Food and beverages:
37 installations, 15.6 kt, 3.2 %

Basic pharmaceutical products:

Other sectors/activities:
55 installations, 18.7 kt, 3.9 %

116 installations, 39.5 kt, 8.2 %

Other chemicals:
19 installations, 6.1 kt, 1.3 %

Chemical industry:
226 installations, 98.3 kt, 20.4 %

Surface treatment using organic
solvents:
239 installations, 83.3 kt, 17.4 %

Basic organic chemicals:

Mineral oil and gas refineries: 152 installations, 73.5 kt, 15.3 %
106 installations, 135.7 kt, 28.2 %

(") Coverage: EU-27 plus Iceland, Liechtenstein, Norway and Serbia; industry sectors covered by Annex I of the E-
PRTR with capacity thresholds described therein; installations with emissions of NMVOC of more than 100 t/yr;
normal operation.

Source: [ 246, EIPPCB 2014 ] based on data from [ 16, E-PRTR 2013 ]

Figure 1.14: Emissions of NMVOC to air by industry sector/activity in Europe in 2010
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1.2.4.2 Ammonia

Ammonia emissions to air by industry sector are shown in Figure 1.15. In 2010, 99 installations
of the chemical industry sector emitted a total of 18.8 kt of ammonia to air, representing 9.4 %
of the total amount of ammonia emitted to air by all installations covered by the E-PRTR. The
largest share of ammonia emissions by far originated from the intensive rearing of poultry and
pigs. Within the chemical industry sector, the production of basic inorganic chemicals and
fertilisers were together responsible for almost 90 % of all ammonia emissions.

Landfills: Total number of installations: 5803 (%)
16 install.ations 3.6 kt. 1.8 % Total ammonia emissions to air: 199.6 kt

Cement and lime:
81 installations, 3.2 kt, 1.6 %

Fertilisers:
34 installations, 7.7 kt, 3.8 %

Other sectors/activities:
206 installations, 13.3 kt, 6.7 %

Other chemicals:
32 installations, 2.1 kt, 1.1 %

Chemical industry:
99 installations, 18.8 kt, 9.4 %

Intensive rearing of poultry and pigs:

Basic inorganic chemicals:
5401 installations, 160.7 kt, 80.5 % 9

33installations, 9.0 kt, 4.5 %

(") Coverage: EU-27 plus Iceland, Liechtenstein, Norway and Serbia; industry sectors covered by Annex I of the
E-PRTR with capacity thresholds described therein; installations with emissions of ammonia of more than
10 t/yr; normal operation.

Source: [ 246, EIPPCB 2014 ] based on data from [ 16, E-PRTR 2013 ]

Figure 1.15: Emissions of ammonia to air by industry sector/activity in Europe in 2010
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1.24.3

Nitrogen oxides

Emissions of nitrogen oxides to air by industry sector are shown in Figure 1.16. In 2010,
215 installations of the chemical industry sector emitted a total of 132 kt of nitrogen oxides to
air, representing 5.2 % of the total amount of nitrogen oxides emitted to air by all installations
covered by the E-PRTR. The largest share of nitrogen oxide emissions originated from thermal
power stations and other combustion installations. Within the chemical industry sector, the
production of basic organic chemicals was responsible for almost 60 % of all nitrogen oxide

emissions.

Cement and lime:

272 installations, 247 kt, 9.7 %

Glass:
224 installations, 93 kt, 3.7 %

Mineral oil and gas refineries:
114 installations, 151 kt, 5.9 %

Total number of installations: 2750 (%)
Total NOy/NO, emissions to air: 2552 kt

Iron and steel:
85 installations, 89 kt, 3.5 %

Basic inorganic chemicals:
67 installations, 35 kt, 1.4 %

Other sectors/activities:

722 installations, 295 kt, 11.6 %

Fertlisers:
27 installations, 20 kt, 0.8 %

Chemical industry:
215 installations, 132 kt, 5.2 %

Thermal power station/Combustion:
1118 installations, 1544 kt, 60.5 %

Other chemicals:
4 installations, 1 kt, 0.0 %

Basic organic chemicals:
117 installations, 76 kt, 3.0 %

(") Coverage: EU-27 plus Iceland, Liechtenstein, Norway and Serbia; industry sectors covered by Annex I of the
E-PRTR with capacity thresholds described therein; installations with emissions of nitrogen oxides (NOx/NO,)
of more than 100 t/yr; normal operation.

Source: [ 246, EIPPCB 2014 ] based on data from [ 16, E-PRTR 2013 ]

Figure 1.16: Emissions of nitrogen oxides to air by industry sector/activity in Europe in 2010
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1244 Sulphur oxides

Emissions of sulphur oxides to air by industry sector are shown in Figure 1.17. In 2010,
111 installations of the chemical industry sector emitted a total of 128 kt of sulphur oxides to
air, representing 3.8 % of the total amount of sulphur oxides emitted to air by all installations
covered by the E-PRTR. The largest share of sulphur oxide emissions originated from thermal
power stations and other combustion installations. Within the chemical industry sector, the
production of basic organic and inorganic chemicals were together responsible for
approximately 90 % of all sulphur oxide emissions.

Total number of installations: 1336 ()

Non-ferrous metals: Iron and steel: e )
Total SO4/SO, emissions to air: 3345 kt

73 installations, 135 kt, 4.0 % 36 installations, 91 kt, 2.7 %

Glass:

112 installations, 40 kt, 1.2 % Basic inorganic chemicals:
45 installations, 51 kt, 1.5 %

Mineral oil and gas refineries:
105 installations, 375 kt, 11.2 %

Other sectors/activities:
315 installations, 218 kt, 6.5 %

- - Other chemicals:
Chemical industry: 9 installations, 13 kt, 0.4 %

111 installations, 128 kt, 3.8 %

Basic organic chemicals:

Thermal power station/Combustion: : -
57 installations, 65 kt, 1.9 %

584 installations, 2358 kt, 70.5 %

(") Coverage: EU-27 plus Iceland, Liechtenstein, Norway and Serbia; industry sectors covered by Annex I of the
E-PRTR with capacity thresholds described therein; installations with emissions of sulphur oxides (SOx/SO,) of
more than 150 t/yr; normal operation.

Source: [ 246, EIPPCB 2014 ] based on data from [ 16, E-PRTR 2013 ]

Figure 1.17: Emissions of sulphur oxides to air by industry sector/activity in Europe in 2010
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1.25 Generation of waste

In 2010, 2.5 Gt of waste were generated in the EU-27, comprising both wastes from industrial
activities and households (Figure 1.18). The largest share of waste originated from construction,
followed by mining and quarrying. The manufacturing industry generated a total of 274 Mt of
waste, which was equivalent to 11.0 % of the total waste produced in the EU-27. The chemical
industry as part of the manufacturing industry generated 52 Mt of waste, which was equivalent
to 2.1 % of the total waste generated in the EU-27.

Water supply; sewerage, Total amount of waste: 2503 Mt

Households:
219 Mt. 8.7 % waste management and
' remediation activities:
176 Mt, 7.0 % Paper:

31Mt, 1.2%

Mining and quarrying: Other sector:/activities:
672 Mt, 26.8 % 302 Mt, 12.1 %

Other manufacturing:
77 Mt, 3.1 %

Food and beverages:
49 Mt, 1.9 %

Manufacturing: Chemicals: Metals:
274 Mt, 11.0 % 52 Mt, 2.1 % 66 Mt, 2.6 %

Construction:
860 Mt, 34.3 %

(") Coverage: EU-27; sectors/activities as defined in the Statistical Classification of Economic Activities in the
European Community (NACE); 'Chemicals' refers to NACE C20 — C22.

Source: [ 246, EIPPCB 2014 ] based on data from [ 23, Eurostat 2013 ]

Figure 1.18: Generation of waste by industry sector/activity in the EU-27 in 2010

In 2010, 101.3 Mt of hazardous waste were generated in the EU-27 (Figure 1.19). This
represented 4.0 % of the total waste generated. The largest share of hazardous waste, 26.2 Mt,
equivalent to 25.8 %, originated from the manufacturing industry. The chemical industry as part
of the manufacturing industry generated 7.6 Mt of hazardous waste, which was equivalent to
7.5 % of the total hazardous waste generated in the EU-27.
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Services (except wholesale
of waste and scrap):
14.9 Mt, 14.7 %

Water supply; sewerage,
waste management and
remediation activities:
16.4 Mt, 16.2 %

Mining and quarrying:
14.0 Mt, 13.8 %

Other sectors/activities:
13.7 Mt, 13.5 %

Total amount of hazardous waste: 101.3 Mt

Chemicals:
7.6 Mt, 7.5 %

Coke and petroleum
products:
4.1 Mt, 4.0 %

Manufacturing:
26.2 Mt, 25.8 %

(") Coverage: EU-27; sectors/activities as defined in the Statistical Classification of Economic Activities in the

Construction:
16.2 Mt, 16.0 %

Metals:

9.6 Mt, 9.5 %

European Community (NACE); 'Chemicals' refers to NACE C20 — C22.
Source: [ 246, EIPPCB 2014 ] based on data from [ 23, Eurostat 2013 ]

Electric and
electronic
products,
motor
vehicles:
2.1Mt,2.0%

Other manufacturing:
2.8 Mt, 2.8 %

Figure 1.19: Generation of hazardous waste by industry sector/activity in the EU-27 in 2010
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1.3 Green chemistry

Green chemistry has been defined as 'the utilisation of a set of principles that reduces or
eliminates the use or generation of hazardous substances in the design, manufacture, and
application of chemical products' [ 151, Anastas and Warner 1998 ]. This definition goes
beyond the mere production of chemicals, but producers and regulators may need to consider
the broader 'life cycle' of chemicals in order to apply holistic environmental protection.

The goal of green chemistry is to reduce the inherent hazards associated with products and
processes, whilst maintaining the improvements in the quality of life that the industry has
brought. It is not a radical new approach since it builds upon factors that have always been part
of process design, but it integrates environmental considerations into the heart of decision-
making. Green chemistry has been summarised into twelve principles [ 151, Anastas and
Warner 1998 ] that have interpreted into the following twelve techniques by the US EPA.

1. Prevent waste; design chemical syntheses to prevent waste, leaving no waste to treat or
clean up. It is better to prevent waste than to treat or clean up waste after it is formed
(Anastas's first principle).

2. Design safer chemicals and products; design chemical products to be fully effective, yet
have little or no toxicity (Anastas's fourth principle).

3. Design less hazardous chemical syntheses; design syntheses to use and generate
substances with little or no toxicity to humans and the environment (Anastas's third
principle).

4. Use renewable feedstocks; use raw materials and feedstocks that are renewable rather
than depleting (Anastas's seventh principle). Renewable feedstocks are often made from
agricultural products or are the wastes of other processes; depleting feedstocks are made
from fossil fuels (petroleum, natural gas, or coal) or are mined.

5. Use catalysts, not stoichiometric reagents; minimise waste by using catalytic reactions.
Catalysts are used in small amounts and can carry out a single reaction many times. They
are preferable to stoichiometric reagents, which are used in excess and work only once
(Anastas's ninth principle).

6.  Avoid chemical derivative; avoid using blocking or protecting groups or any temporary
modifications, if possible. Derivatives use additional reagents and generate waste
(Anastas's eighth principle).

7. Maximise atom economy; design syntheses so that the final product contains the
maximum proportion of the starting materials. There should be few, if any, wasted atoms.
Synthetic methods should be designed to maximise the incorporation of all materials used
in the process into the final product (Anastas's second principle).

8. Use safer solvents and reaction conditions; avoid using solvents, separation agents, or
other auxiliary chemicals. If these chemicals are necessary, use innocuous chemicals
(Anastas's fifth principle).

9. Increase energy efficiency; run chemical reactions at ambient temperature and pressure
whenever possible. Energy requirements should be recognised for the environmental and
economic impacts and should be minimised (Anastas's sixth principle).

10. Design chemicals and products to degrade after use; design chemical products to
break down to innocuous substances after use so that they do not accumulate in the
environment (Anastas's tenth principle).

11.  Analyse in real time to prevent pollution; include in-process real-time monitoring and
control during syntheses to minimise or eliminate the formation of side products
(Anastas's eleventh principle).

12. Minimise the potential for accidents; design chemicals and their forms (solid, liquid, or
gas) to minimise the potential for chemical accidents including explosions, fires, and
releases to the environment (Anastas's twelfth principle).
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1.4  Waste water and waste gas in the chemical industry

141 Overview

General scientific laws such as chemical and/or physical equilibria make the occurrence of
waste inevitable during chemical processes (syntheses) so that unwanted side products have to
be expelled. The characteristics and scale of these emissions are highly variable and depend on
the composition of the raw materials, products, intermediates, auxiliaries, process conditions,
the dimension of the installation, the load situation, the age of the catalyst, etc.

The unwanted outputs occurring during these processes can be divided into three parts:

o waste water,
o waste gas,
o liquid and solid residues.

1.4.2 Waste water

From the qualitative point of view, the majority of waste water in the chemical industry does not
usually originate directly from chemical reaction steps. Though waste water can arise directly
from reactions, e.g. as condensate or reaction water, the aqueous discharges from subsequent
physico-chemical work-up of synthesis mixtures are generally greater. Products and/or
intermediates from each synthesis or synthesis stage are isolated and purified by operations such
as filtration and centrifugation from aqueous reaction solutions, or by the work-up of reaction
mixtures via, for example, extraction or distillation.

Such waste water streams arising in direct association with chemical syntheses (i.e. process
water) include for example:

mother liquors;

washing water from the purification of products;
vapour condensates;

quench water;

waste water from exhaust air/flue-gas clean-up;
waste water from equipment cleaning;

waste water from vacuum generation.

Tributary waste water streams may arise from other on-site sources, such as:

o scrubbing of flue-gases from incineration and combustion;
o conditioning of utility water;

bleed from boiler feed water systems (probably containing corrosion inhibitors, biocides,
and scale);

blowdown from cooling cycles;

backwashing of filters;

laboratory and pilot-scale plants;

workshops;

sanitation waste water collection;

collection of rainwater from contaminated areas;

washing of production tools or floors;

accidental product leakages during handling or storage;
landfill leachates.
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The above-mentioned tributary waste water streams contribute to overall water pollution as
well. So waste water generally contains as contaminants almost every compound present or
arising during the reaction, such as:

non-reacted starting material;

production residues;

auxiliaries, to the extent that they are not recovered from the aqueous discharges;
intermediate compounds;

unwanted side products.

If syntheses are carried out using organic solvents and other auxiliaries, these regularly make up
the majority of the organic pollutant load emitted to the waste water treatment facilities. On the
other hand, side products and starting compounds can often be responsible for the poorly
biodegradable part of the total waste water load.

The majority of process waste water (70-90 %) consists of tributary streams with a low
pollution level [ 22, BMU/LAWA 2000 ], e.g.:

cleaning water;

waste water from vacuum generation;

washing water from exhaust air clean-up;

waste water originating from equipment such as product pumps.

Tributary streams such as mother liquors, initial aqueous discharges, blowdown from cleaning
cycles and vapour condensates make up the remaining 10-30 % [ 22, BMU/LAWA 2000 ].

When considering pollution loads, the ratio is reversed. The higher concentrated tributary waste
water streams (10-30 % of the total waste water) generally contain up to 90 % of the relevant
contaminant loads [ 22, BMU/LAWA 2000 ].

The consequences of contaminants of complex waste water streams, however, are not
sufficiently expressed by their loads or concentrations. The impact of hazardous and toxic
contaminants with concentrations close to the limit of detection can be significant in contrast to
high concentrations of non-toxic substances. Thus, waste water from chemical industry sites
might show toxic effects. Alternatively, synergistic effects of different individual streams,
having no toxic effects themselves, might be observed when they are mixed together either in
the sewer system or in the receiving water.

Waste water and its impact on the environment are normally characterised by:

. the content and emission of pollutants, expressed by load and/or concentration of single
substances, such as NH," ions, NO; ions, NO, ions, PO,” ions, each of the heavy metals,
inorganic acids and salts, organic compounds (e.g. BTEX, halogenated organic
compounds) and oil;

. the effect and/or hazardous potential for the receiving water body, expressed by surrogate
or sum parameters such as TSS, BOD, COD, AOX/EOX, VOX, pH, conductivity and
temperature;

. the effect on organisms in the receiving water, expressed by toxicity data such as acute
toxicity, chronic toxicity or mutagenicity;

. properties such as hydraulic load.
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143

Waste gas

Waste gas streams can roughly be divided into ducted and non-ducted (diffuse) emissions. Only
ducted emissions can be treated. As far as diffuse emissions are concerned, the objective of
waste gas management is their prevention and/or minimisation. Capturing non-ducted emissions
with subsequent treatment can often be carried out in order to minimise pollution.

Emissions to air in the chemical industry include:

ducted emissions, such as:

process emissions released through a vent pipe by the process equipment and
inherent to the running of the plant;

flue-gases from energy-providing units, such as process furnaces, steam boilers,
combined heat and power units, gas turbines, and gas engines;

waste gases from emission control equipment, such as filters, incinerators/oxidisers
or adsorbers, likely to contain unabated pollutants or pollutants generated in the
abatement system;

tail gases from reaction vessels and condensers;

waste gases from catalyst regeneration;

waste gases from solvent regeneration;

waste gases from vents from storage and handling (transfers, loading and
unloading) of products, raw materials and intermediates;

waste gases from purge vents or preheating equipment, which are used only in
start-up or shutdown operations;

discharges from safety relief devices (e.g. safety vents, safety valves);

exhaust air from general ventilation systems;

exhaust air from vents from captured diffuse sources, e.g. diffuse sources installed
within an enclosure or building;

diffuse emissions (see Glossary) arising from point, linear, surface or volume sources
[ 85, CEFIC 2000 ], such as:

process emissions from the process equipment inherent in running the plant,
released from a large surface or through openings;

non-ducted emissions (e.g. 'working losses' and 'breathing losses', when not
captured and ducted) from storage equipment and during handling operations (e.g.
the filling of drums, trucks or containers);

non-routine emissions, resulting from operations other than the routine processing
of the facility including emissions during start-up or shutdown and during
maintenance;

secondary emissions resulting from the handling or disposal of waste (e.g. volatile
material from sewers, waste water handling facilities or cooling water);

fugitive emissions (see Glossary), such as equipment leaks from pump and
compressor seals, valves, flanges, connectors and other piping items, or other
equipment items, such as drain or vent plugs or seals.

The main air pollutants from chemical processes and energy supply are:

carbon dioxide (CO,);

sulphur oxides (SO,, SO;) and other sulphur compounds (H,S, CS,, COS);
nitrogen oxides (NOx, N,O) and other nitrogen compounds (NH;, HCN);
halogens and their compounds (Cl,, Br,, HF, HCI, HBr);

incomplete combustion compounds, such as CO and CxHy;

volatile organic compounds (VOCs) and organosilicon compounds;
particulate matter (such as dust, soot, alkali, and heavy metals).
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1.5 Environmental management with regard to waste water
and waste gas

Environmental management as part of the overall management system is becoming increasingly
important. It includes the organisational structure, responsibilities, practices, procedures,
processes and resources to develop, implement, achieve, review and monitor the environmental
policy of the industrial company. With regard to waste water and waste gas, it sets the rules for
the involvement in concept finding, planning, evaluation, design, construction, operation and
maintenance of a chemical site, i.e. a strategy to meet all objectives connected with waste water
and/or waste gas. It gives assistance to, for example:

. consideration of possible environmental impact when planning new production or product

lines, or planning the enlargement of existing lines (see in particular Section 3.1.5.3.2);

decisions on (change of) raw materials;

decisions on the planned production process;

decisions on the implementation of process-integrated techniques;

decisions on the production path;

decisions on the choice of the discharge path;

decision on the implementation of central or decentralised treatment or control for waste

water/waste gas;

decisions on the method for minimising contamination;

. decisions on the creation of an appropriate infrastructure, or the alteration of an existing
one, for the purposes of improving waste water and/or waste gas quality;

. evaluation of the cross-media effects of the different treatment strategies;

. decisions on the prevention/reduction of fugitive emissions through implementation of a
leak detection and repair (LDAR) programme (see Section 3.5.4.4).

As can be seen from the few examples above, the rationale for environmental management has
much to do with decision-making between several options in light of the particular situation.
And it has, of course, to do with economics and competitiveness. The main question
environmental management helps to answer is how one can operate a complex chemical site and
manage its demands for a supply of resources and discharge of waste with the least possible
impact on the environment as a whole, with the highest economic efficiency and without any
loss of product quality.

A detailed description of waste water/waste gas management systems and tools to implement
them is given in Section 3.1.
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1.6 Treatment technology

16.1 Overview

The different sources of emissions (liquid and/or gas) and the variety of the contaminants and
their load make the implementation of a more or less — according to the complexity of the
production — complex system of handling techniques (prevention and/or control), based on
management decisions, inevitable for the operation of a chemical industry site. Such a handling
system consists of:

o process-integrated techniques, such as water reuse, water savings and pollution
prevention (see Section 1.6.2);

. end-of-pipe treatment (individual and/or central facilities, see Section 1.6.3).

1.6.2 Process-integrated techniques

Advanced environmental protection is shifting more and more from end-of-pipe techniques (see
Section 1.6.3) to process-integrated, or production-integrated, techniques. Process-integrated
techniques are a source of significant environmental improvement in both new and existing
plants. They are intended to reduce, or even prevent, the production of residues directly at the
source before they become a discharge. Often these 'process improvements' help to decrease
costs for additional treatment measures, as well as increase economic efficiency by increasing
production yield and/or decreasing the input of raw material including water. Disposal costs and
the limitations of end-of-pipe treatment can influence this shift toward process-integrated
techniques. Although the prevention of waste, and thus the implementation of process-
integrated techniques, is becoming increasingly significant, waste treatment techniques will
remain essential contributors to the control of emissions into the environment, mainly when
process-integrated techniques are not feasible for existing production.

Proper process-integrated environmental protection uses all possible physical, chemical,
biological and engineering techniques for the prevention, reduction and recycling of residues.
Examples include:

o creation of new synthesis pathways;
use of purer or even different feedstocks and process agents (see for example
Section 3.3.1.11);

o use of purer or different fuels;

o optimisation of process steps;

o improvement of plant technology, process control and reaction sequence;

o technical adaptations to the process;

o improvement of the use of catalysts and/or solvents;

o recycling of auxiliaries (e.g. washing water, inert gases, solvents, and catalysts);

o immediate recycling of residues during the process;

o use of residues as raw material for other production processes (product integration within
and/or outside the location);

o use of residues for energy generation.

Obviously, the development and implementation of completely new pathways for syntheses in
existing plants will remain an exception, mostly for economic reasons, and will therefore be
mostly carried out in processes used to manufacture bulk products or products of high economic
value. In practice, production-integrated environmental protection will progress continuously as
the sum of many individual, and maybe tiny, improvements over time.

Though, strictly speaking, process-integrated techniques for the reduction of the pollutant
discharge via waste water and waste gas are part of the scope of the other chemical BREFs they
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are nevertheless mentioned in this document as long as they are generally applicable in chemical
production processes. They are in any case items of good management practice and worthy of
consideration when implementing a waste water and waste gas management system on a site.

1.6.3 End-of-pipe techniques
1.6.3.1 Overview

Because it is not always possible to prevent pollution at the source, end-of-pipe techniques are
those that treat the waste stream arising from a process or storage unit, or an area, or part
thereof, to reduce its pollutant content.

1.6.3.2 Waste water treatment

The chemical industry and most other industrial sectors resort to end-of-pipe treatment
techniques to reduce waste water and the pollutants it carries. They encompass pretreatment at
the source or in combined streams as well as final treatment of collected waste water before
discharge into a receiving water body. The main waste water end-of-pipe treatment techniques
and their applicability to control the major contaminants in the chemical industry are shown in
Table 1.1. However, it is only indicative and the reader is encouraged to refer to the details
given in the specific sections of this document indicated in the table.
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Table 1.1: Major waste water contaminants and their respective treatment techniques
BOD . Section in
Technique TSS ?OD geofrDa;(_:l%ré/ 'ég;( to’;lal IEII:' |f|5] PO,-P gg?;lz Sulphides| Sulphate | Phenols Qil QE:I?S this
oC document
Neutralisation X) X) X 33232
Grit separation X 332332
Coagulation/flocculation X X (™9 X X ) 3.3.2.3.33
Sedimentation X X)) * X)) XM 3.3.23.34
Flotation X X (0 (X) () X 3.3.2.3.3.5
Filtration X X O X)) 3.3.23.3.6
Microfiltration (MF)/ ¢ a,
Ultrafiltration (UF) X) O] X9 X X 3.32.3.3.7
Oil-water separation X X X 3.3.23.3.8
Hydrocyclone X 33.2339
Electrocoagulation X X X 3.3.23.3.10
Chemical precipitation X X X X 332342
Crystallisation X X 332343
Chemical oxidation (pre) X X X X X 332344
Wet 0.x1dat10n vyvlth hydrogen X X X X X 3323440
peroxide (pre) ()
Wet air oxidation (pre) (%) X X X X 3323443
Chemical reduction X () 3.3.2.34.5
Chemical hydrolysis X X 3.3.2.3.4.6
Nanoﬁ!tratlon (NF)/Reverse X X X X X X X X 332347
Osmosis (RO)
Electrodialysis X 332348
Electrolysis 332349
Adsorption X () X X X X X X X 3.3.2.3.4.10
Ton exchange X)) X X 3.3.23.4.11
Extraction X X X X 3.3.23.4.12
Pertraction X X X X 3.3.23.4.13
Distillation/rectification X X X 3.3.23.4.14
Evaporation (%) X)) X X X X X 3.3.2.3.4.15
Pervaporation X () X () X () 3.3.2.3.4.16
Stripping X) () X X X X X® X 3.3.2.3.4.17
y)aste water incineration (FT) X X X) ® X X (X) (k) X X 33234.18
Anaerobic treatment X O | O ) X 332352
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BOD . Section in
. Refractory| AOX N NH;-N i Heavy . . Acids, .
Technique TSS COD COD/TOC| EOX total (NH5) PO,-P metals Sulphides| Sulphate | Phenols Qil alkalis this
TOC document
Biological removal of
sulphur compounds/heavy X X X 3.3.23.53
metals
Acrobic treatment X x) ™ X X X (X) X X 332354
Nitrification/denitrification X X 3.3.2.3.5.5
Enhanced biological X 332356
phosphorus removal
Phosphorus removal by X 332357
chemical precipitation
Retention ponds X X 3.3.2.3.6.2
Sand filters X 3.3.2.3.6.3

(%) Only solid.(®) Undissolved organic content.

(°) Finely dispersed and low concentration.(®) Ionic organic species.
(°) Non-volatile organic content.(%) Volatile organic content.

(®) Special incinerator equipment required.(") Only biodegradable part.
() Undissolved heavy metal compounds.(¥) Transferred to ash or waste water originating from incinerator.

(") In combination with sulphate precipitated as sulphides.(™) Transferred to sludge.

(" Colloids.(°) Ammonia.

(°) Hydrogen sulphide.(%) Some macromolecules.

(") Side effect of ammonia or nitrate removal.(*) Side solubilisation.
() Cr(VI).(*) Includes nitrification/denitrification and one-step nitrogen removal process of Annamox type.
(") Including colour agents, surfactants, nitrocompounds, chlorocompounds, phenols. (*) Techniques applicable on concentrated effluents [ 148, Degrémont SUEZ 2007 ].

NB: (FT) = used as a final treatment technique; (pre) = used in particular as a pretreatment, for example before final biological treatment; X = primary application; (X) = secondary application.

Source: [ 227, CWW TWG 2009 |
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Complex chemical production sites normally have an extensive system for the collection and
treatment of process water. There are several approaches to waste water treatment, each of them
with its advantages and disadvantages, depending on the situation, including:

o decentralised waste water treatment facilities, treating the aqueous effluent at the source
and discharging into a receiving water body (i.e. no central waste water treatment facility
on site);

o centralised waste water treatment, normally using a central waste water treatment plant
(WWTP);

. central WWTP, with upstream tributary stream pretreatment at the source or in combined
streams;

o waste water discharge into a municipal WWTP;

. waste water discharge into a municipal WWTP with on-site pretreatment at the source.

The last two bullet points are special situations of the two preceding bullet points respectively.

The advantages of decentralised waste water treatment or treatment at the source (or the
disadvantages of centralised waste water treatment) include:

o the operators of the production installations show a more responsible attitude with respect
to the effluent when they are made directly responsible for the quality of their own waste
water discharge;

o more flexibility exists for works' enlargement or for reacting to changing conditions;

o facilities for treatment at the source are tailor-made and thus normally show better
performance levels (however, the initial performance might deteriorate, e.g. when new
installations/equipment are put in place or modifications are carried out);

. in contrast to the centralised biological treatments, there is no (or less) excess activated
sludge to dispose of;

o the treatment performance of non-biological techniques is independent of the
biodegradability of the waste water streams;

o dilution by mixing of different waste water streams can be avoided, normally resulting in
a higher treatment efficiency;

o the cost-benefit ratio can be much better in tributary stream treatment than in centralised
treatment.

Decentralised waste water treatment is generally the preferred option when tributary waste
water streams with completely different properties are expected.

The main advantages of using a centralissed WWTP (or the disadvantages of decentralised
treatment facilities) include:

o making use of synergistic effects of mixed biodegradable waste water, i.e. effects that
enable microbiological degradation of special contaminants in a mixture with others (or
even in a dilution with other waste water streams) whereas the tributary stream alone has

poor biodegradability;
o making use of mixing effects, such as temperature or pH adjustment;
o more effective use of chemicals (e.g. nutrients) and equipment, thus decreasing relative

operating costs.

There are instances where waste water from chemical industry sites is also treated together with
municipal waste water, either in municipal WWTPs or in specially built plants for the combined
treatment of municipal and industrial waste water. The joint treatment is frequently arranged in
such a way that, because of its high initial organic loading and the tendency for decreasing
degradation rates in diluted waste water, the industrial waste water initially undergoes a high
performance (high load) step, and is subsequently joined by the municipal waste water in a
second biological (low load) step.
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Experience has shown that the joint treatment of municipal and chemical industry waste water
generally has neither synergistic nor antagonistic effects on the receiving water, at least as a first
approximation [ 22, BMU/LAWA 2000 ] (a contrary example of a coordinated operation of a
chemical and a municipal WWTP is described in Section 7.1, Annex I). The pollutant loads
disposed of are generally additive.

Advantages of joint waste water treatment may include [ 22, BMU/LAWA 2000 ]:

. the operational stability of joint biological treatment which can be favourably influenced
by:
° improving the nutrient conditions;
° optimising the waste water temperature and thus the degradation kinetics;
° equalising the feed volume and load (see Section 3.3.2.1), as long as the daily

progress lines of the two waste water streams are correspondingly structured, or
can be matched to one another;

° suppressing the toxic and inhibitory effects of waste water constituents by lowering
the concentrations below the critical thresholds;

. the joint treatment of waste water and excess activated sludge which can, in individual
cases, realise savings in investment and operating costs.

Disadvantages of joint waste water treatment may include the items listed below.

. Reduced cleaning performance due to production-related operation disturbances, which
leads to increased water pollution because of insufficient treatment of both municipal and
industrial waste water streams [ 22, BMU/LAWA 2000 ].

. Quite a number of chemicals can, even at lower concentrations, hinder nitrification. If the
nitrification step collapses, it might take several weeks to recover and ensure sufficient
nitrogen elimination again. So, to minimise the risk for joint waste water treatment, it is
crucial to study and monitor the waste water streams coming from the industrial part
carefully for any inhibiting or disturbing factors [ 22, BMU/LAWA 2000 ].

. Combined treatment of waste water streams from different origins bears the risk that
persistent contaminants, such as heavy metals and non-biodegradable compounds, can
escape control, and sometimes even detection, because of dilution. These contaminants
are discharged without degradation into a receiving water body, adsorbed onto the
activated sludge and/or stripped into the atmosphere during aeration. This would
counteract the obligation to prevent or control these substances at the source. This
disadvantage affects all treatment actions on combined waste water streams.

. Combined treatment may result in sludge that is too contaminated for further usage or
further treatment, e.g. by anaerobic digestion.

The joint treatment of municipal and chemical industry waste water necessitates appropriate
buffer tanks to cope with excess rain in the event of heavy rainfall in order to avoid hydraulic
overload, which might lead to increased pollutant discharge accompanied by loss of bacteria
from the activated sludge compartment of the WWTP [ 22, BMU/LAWA 2000 ].

Another important aspect of the waste water system is the handling of uncontaminated rainwater
and cooling water. In a number of older chemical sites in Europe, only one sewer system is
present and rainwater, rinsing water, cooling water and process water are collected in this
system and directed to the waste water treatment facilities. Especially during periods of heavy
rainfall, this might lead to upsets of the WWTP and lead to increased discharges. Advanced
chemical sites have a separate sewer system for the collection of uncontaminated rainwater and
cooling water. Details are given in Section 3.3.2.3.6.
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1.6.3.3 Waste gas treatment
Waste gas treatment techniques in general are concerned with the reduction of:

particulate matter;

vapours of volatile liquid substances;
gaseous air contaminants;

odour.

Waste gas treatment normally takes place directly at the source. Only rarely can waste gas
streams with different characteristics be treated simultaneously in one central treatment unit.
One main reason is that treatment units are normally specifically designed for a particular waste
gas composition. Another important reason is that special attention must be paid to the release
of toxic and hazardous compounds and their impact on the surroundings as well as on the safety
of the plant. In the chemical industry, given the toxicity and/or hazardous characteristics of
many compounds and the generally large volumes that are handled and processed, safety is a
crucial issue. Moreover, facilities needed to transport waste gases through a whole site require
significant investments and can be technically challenging.

A selection of techniques by pollutant is given in Table 1.2, and by waste gas flow rate in
Table 1.3.

Common Waste Water and Waste Gas Treatment/Management Systems in the Chemical Sector 33



Chapter 1

Table 1.2:

Selection of techniques for waste gas emission reduction by pollutant to be removed

E|E g8 of|esg8|lobg8 | = ¢
. © 8 | das|SES| 8825|482 3| = c »
Technique e | E|23|83|233583|8523358 §| S¢ =
> | B|SE|GE|228EIG82E O 878
o |2|—-8| §|==>2-8|7 28 »
Recovery and abatement for VOCs and inorganic compounds
Membrane separation (pre) X 3.5.1.2.1
Condensation (pre) (X) X 3.5.1.2.2
Cryocondensation (pre, FT) X) X X) | 3.5.1.2.2
Adsorption (FT, pol) X X X | 35123
Wet gas scrubber (water) (FT) XX X | X X X X | 35124
Wet gas scrubber (alkaline) (FT) | (X) | X) | X) | X) X X X | 35124
Wet gas scrubber (alkaline
oxidative) (FT) XX X | X X | 35124
Wet gas scrubber (acidic) (FT) XX X | X X X X | 35124
Abatement for VOCs and inorganic compounds
Biofiltration (FT) X X X | 3.5.1.3.1
Bioscrubbing (FT) X X X | 35132
Biotrickling (FT) X X X | 35133
Moving-bed trickling filter (FT) X X X | 35134
Thermal oxidation (FT) X X X | 35135
Catalytic oxidation (FT) X X | 3.5.13.6
Ionisation (FT) X X | 35137
Photo/UV oxidation (FT) X X | 3.5.138
Recovery and abatement for particulates
Settling chamber/gravitational X X x x 35140
separator (pre)
Cyclone (pre) X X X X 3.5.143
Electrostatic precipitator (FT) X X X X X X 3.5.144
Wet dust scrubber (FT) X X X X 3.5.14.5
Fabric filter (FT) X X X 3.5.14.6
Ceramic and metal filter (FT) X X X 3.5.1.4.7
Catalytic filtration (FT) X X X X X 3.5.14.8
Two-stage dust filter (pol) X X X 3.5.14.9
Absolute (HEPA) filter (pol) X X X 3.5.14.10
High-efficiency air filter (pol) X 3.5.14.11
Mist filter (pre, pol) X X) 3.5.14.12
Recovery and abatement for inorganic compounds
Dry alkali injection (FT) X 3.5.15.2
Semi-dry alkali injection (FT) X 3.5.15.2
Wet lime injection (FT) X 3.5.1.5.2
SNCR (FT) X 3.5.1.53
SCR (FT) X X 3.5.1.53
NSCR (FT) X 3.5.1.54
Wet gas scrubber for NOx (FT) X 3.5.1.5.5
Flaring

Flaring (FT) | | | | | X [ x| 3516

NB: (FT) = treatment technique used as a final treatment technique; (pol) = mainly used as a polishing technique after
application of a standard technique; (pre) = mainly used as a pretreatment; X = primary application; (X) = secondary

application.
Source: [ 176, Schenk et al. 2009 ]

34

Common Waste Water and Waste Gas Treatment/Management Systems in the Chemical Sector




Chapter 1

Table 1.3:  Selection of techniques for waste gas emission reduction by waste gas flow rate
Technique 100 | 1000 | 10000 | 100000 Secttr']?sn "
(Nm°/h) | (Nm°/h) | (Nm®/h) | (Nm®/h) document
Recovery and abatement for VOCs and inorganic compounds
Membrane separation 3.5.1.2.1
Condensation X X XX X 3.5.12.2
Cryocondensation X X 3.5.1.2.2
Adsorption X XX XX X 35123
Wet gas scrubber (water) X X XX XX 3.5.1.2.4
Wet gas scrubber (alkaline) X X XX XX 3.5.1.2.4
Wet gas scrubber (alkaline oxidative) X X XX X 3.5.1.2.4
Wet gas scrubber (acidic) X X XX XX 3.5.1.2.4
Abatement for VOCs and inorganic compounds
Biofiltration X XX XX XX 3.5.13.1
Bioscrubbing X X X X 3.5.13.2
Biotrickling X X X X 3.5.133
Moving-bed trickling filter X X 35134
Thermal oxidation X XX 3.5.13.5
Catalytic oxidation X XX 3.5.1.3.6
Ionisation X X X X 3.5.1.3.7
Photo/UV oxidation X X 3.5.1.3.8
Recovery and abatement for particulates
Settling chamber/gravitational separator X X XX XX 35142
Cyclone X XX XX X 3.5.143
Electrostatic precipitator (one-stage) X X 35144
Wet dust scrubber X XX XX 3.5.14.5
Fabric filter X X XX XX 3.5.1.4.6
Ceramic filter XX X X 3.5.1.4.7
Metal filter NI 3.5.1.4.7
Catalytic filtration X X X 3.5.1.4.8
Two-stage dust filter X X 3.5.1.4.9
Absolute (HEPA) filter X X 3.5.1.4.10
High-efficiency air filter (HEAF) XX XX X 3.5.1.4.11
Mist filter X XX XX 3.5.14.12
Recovery and abatement for inorganic compounds
Dry alkali injection XX X 3.5.15.2
Semi-dry alkali injection X XX 3.5.15.2
Wet lime injection X X X 3.5.15.2
SNCR X X X X 3.5.1.53
SCR X XX XX 3.5.1.53
NSCR X 35154
Wet gas scrubber for NOy X 3.5.1.5.5
Flaring
Flaring | x | x | x | x ] 3516
NB: NI = No information provided; X = application; XX = most common applications.
Source: [ 176, Schenk et al. 2009 ]
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1.7 Cross-media effects of waste water and waste gas
treatment and their interdependencies

Although waste water treatment systems generally reduce emissions to water, the operation of
these systems has its own environmental effect. Especially relevant with regard to emissions to
air from waste water treatment are those water streams which are polluted with volatile organic
compounds (VOCs) and volatile inorganic compounds (e.g. ammonia, hydrogen sulphide).
Whenever these water flows are open to the atmosphere, (odorous) emissions of these
compounds may occur. Special attention is usually paid to aeration of biological waste water
treatment basins, stirring operations, open buffer tanks, settling tanks and waste water stripping
facilities. In all of these cases, the emission of pollutants can be shifted from the water
compartment to the air. Thus additional waste gas treatment can be necessary. Emissions to air
may also evolve from the mixing of water flows with different temperatures or the addition of
acids or alkalis for pH adjustment.

The potential impact of waste water treatment plants on the environment is briefly reviewed in
Table 1.4.

Table 1.4:  Potential impact of waste water treatment facilities on the environment

Environmental

Potential effect/emission
compartment

eEvaporation/formation of odour (e.g. H,S, NH3, mercaptans)

eFormation of aerosols

oDrift of potentially hazardous microorganisms from the treatment plant

¢VOC emissions (evaporating or stripped from the water)

oIf biogas is generated and not used as fuel for energy supply, it is normally
flared, resulting in emissions to the air

en principle, a significant reduction of emissions to water

eWhen rainwater is treated together with process water, the treatment system

Water might get overloaded in the event of heavy rainfall, which can cause

additional pollutant emissions because the treatment system cannot function

properly

Waste eWaste water treatment sludge and scrubber solutions

eThe WWTP plant consumes energy. In some cases, biogas is generated and
can be used as a source of energy

eConsumption of auxiliary chemicals (e.g. nutrients such as phosphorus,
flocculating agents such as iron salts)

Source: [ 24, InfoMil 2000 ]

Air

Other

Other relevant points of concern are the energy consumption and sludge generation of the waste
water treatment techniques. The generation and handling of sludge (e.g. dewatering,
incineration, see Section 3.4.2) account for a significant part of the energy requirements and the
environmental impact of a WWTP. On the other hand, treatment systems with a beneficial
energy balance do exist. In anaerobic biological waste water treatment units (see
Section 3.3.2.3.5.2), for example, the gas generated by treatment (biogas) can be used as a fuel.
Otherwise it needs to be flared (see Section 3.5.1.6). Waste gases from flaring are usually not
treated.

What has been said about waste water treatment systems in the preceding paragraphs is also
valid for waste gas treatment technologies. Their relevant environmental impacts are emissions
to water and air. The use of wet scrubbing (see Section 3.5.1.4.5), for example, means that
waste water has to be treated in a subsequent treatment step. Waste gas oxidation (see in
particular Sections 3.5.1.3.5 and 3.5.1.3.6) discharges a flue-gas which contains gaseous
contaminants not present in the original input that might require further waste gas treatment. As
with waste water treatment, the operation of waste gas treatment facilities is connected with
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energy and water consumption, the latter being an essential issue under special climatic
conditions. This is briefly reviewed in Table 1.5.

Table 1.5:  Potential impact of waste gas treatment facilities on the environment

Environmental

Potential effect/emission
compartment

oIn principle (and primarily), significant reduction of contaminant emissions

eReplacement of VOCs by flue-gas contaminants, such as carbon oxides,

Air hydrogen halides, sulphur dioxide, nitrogen oxides, dioxins, in the case of
thermal/catalytic oxidation

eEmissions from flares

eScrubbing/absorption processes transfer contaminants from air into the water

compartment
Water . .
eSome treatment processes need excessive water (e.g. scrubbing, water-run
condensation)
eSludge from secondary treatment of waste water originating from waste gas
treatment
Waste

eResidues from waste gas treatment facilities (e.g. separated solids, condensed
liquid not recycled, spent adsorbent, spent catalyst)

eWaste gas treatment facilities normally consume energy

Other eConsumption of auxiliary chemicals (e.g. ammonia for selective non-catalytic

reduction (SNCR), alkaline agents for scrubbing solutions)

In addition to flares (see Section 3.5.1.6) and thermal/catalytic oxidisers (see Sections 3.5.1.3.5
and 3.5.1.3.6), a large number of environmental and safety facilities can be found in the
chemical industry. The main purpose of these facilities is to reduce the environmental impact
and/or increase the safety of the plant operation. The facilities vary from very simple measures
to complex treatment units.

In general, the overall effects of the environmental and safety facilities should be positive. That
is the reason for installing them in the first place. However, because of fundamental
conservation laws, most treatment technologies can have, in addition to their purging abilities,
negative impacts on the environment. Examples of these cross-media effects are waste
generated by fabric filters (see Section 3.5.1.4.7), waste water generated by scrubbers (see
Section 3.5.1.4.5) and increased energy consumption because of the operation of treatment
systems. It is hard to give an indication of the break-even point where the positive effects
outweigh the negative effects of a treatment measure, since this is strongly influenced by local
conditions. Furthermore, it is generally considered preferable for pollutants to be in the most
concentrated and controllable state. This offers the best opportunities for recycling, further
treatment or controlled disposal. The Reference Document on Economics and Cross-media
Effects (ECM) describes methodologies that can help to determine the break-even point, where
the positive effects outweigh the negative effects of a treatment measure [ 112, COM 2006 ].

In summary, waste water and waste gas treatment, in addition to their individual impacts on the
environment, affect each other in the following ways:

o several waste water treatment techniques result in gaseous emissions, which need to be
ducted to downstream waste gas treatment facilities, often entailing complex construction
steps;

o waste gas treatment techniques result in gaseous and/or liquid releases, which need
further waste gas and/or waste water treatment;

o each release (gaseous releases to waste gas treatment facilities or aqueous ones to waste

water treatment facilities) can normally influence existing downstream facilities though in
most cases they lead only to a low load increase. Contrary examples are wet scrubbing of
flue-gases or stripping of volatile material from WWTPs.
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2 CURRENT EMISSION AND CONSUMPTION LEVELS OF
WASTE WATER TREATMENT PLANTS

2.1 General information on the surveys

This chapter summarises the installation-specific data gathered during two surveys carried out
over the course of the BREF review process (for the schedule see Table 6.1). The first survey
mostly covered waste water treatment plants (WWTPs) on larger integrated sites while the
second covered to a greater extent WWTPs on smaller sites with limited production activities
(‘'stand-alone' installations). The second survey also served to update and complement data from
the first survey.

Overall, questionnaires for 122 installations were submitted to the EIPPCB. Subsequently, the
EIPPCB sent numerous requests for clarification and additional information to the TWG which
resulted in many corrections. Some 15 questionnaires were discarded because the WWTP was
outside the scope of this BREF, the questionnaire contained too few data, or because
questionnaires had been sent in duplicate. Following this data cleansing, a total of
107 questionnaires were taken into account for further analysis. Of these, 35 installations
participated only in the first survey, 46 only in the second, and 26 in both surveys (see
Table 2.1).

Table 2.1:  Overview of the installations which participated in the surveys

L ocation Number of installations Share
Only 1% survey | Only 2" survey | Both surveys | Total

AT 0 1 1 2 1.9%
BE 1 1 5 7 6.5%
CZ 0 0 3 3 2.8 %
DE 9 1 12 22 20.6 %
DK 0 4 0 4 3.7%
ES 5 6 1 12 11.2 %
FR 5 5 3 13 12.1 %
1IE 0 1 0 1 0.9 %
IT 5 3 0 8 7.5%
NL 1 0 0 1 0.9 %
PL 0 6 0 6 5.6 %
SE 1 5 0 6 5.6 %
UK 8 13 1 22 20.6 %
All 35 46 26 107 | 100 %

Source: [ 222, CWW TWG 2013 ]

General information on the characteristics of these WWTPs can be found in Table 7.1 in
Section 7.2, Annex II.

The share of the EU-27 chemical industry sales in 2011 per country versus the share of the
questionnaires per country is shown in Figure 2.1. All EU Member States with major chemical
production activities were represented in the surveys. It appears as if some EU Member States
were overrepresented (e.g. DK, PL, SE, UK), while others were underrepresented (e.g. DE, FR,
IT, NL). However, such an interpretation might prove wrong if the structure of the chemical
industry differs from one country to another. For example, the German WWTPs for which
questionnaires were submitted were on average larger than those located in the United Kingdom
(see Figure 2.6). It would have been better to use the share of chemical installations per country
for Figure 2.1, but unfortunately these data were not available.
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Source: [ 246, EIPPCB 2014 ] based on data from [ 2, CEFIC 2012 ] and [ 222, CWW TWG 2013 ]

Figure 2.1:  Share of chemical sales per country versus share of questionnaires per country

Of the questionnaires, 95 concern WWTPs that discharge directly to a receiving water body,
while 12 concern indirect discharges, corresponding to 89 % and 11 %, respectively (see also
Table 7.1 in Section 7.2, Annex II). Approximately two thirds of the direct discharges were to
freshwater environments (mostly rivers) and one third to marine/estuarine environments. Most
of the indirect discharges were to municipal WWTPs (Figure 2.2).

Indirect, to a biological WWTP: Total number of installations
2 installations, 2 % Indirect, to a lagoon: in the surveys: 107
linstallation, 1 %

Indirect, to a municipal WWTP:
8 installations, 7 %

Indirect, no specification:
1installation, 1 %

Direct, no specification:
2 installations, 2 %

Direct, to the sea:
19 installations, 18 %

Direct, to ariver:
59 installations, 55 %

Direct, to an estuary:
11 installations, 10 %

Direct, to a lake: Direct, to a canal:
2 installations, 2 % 2 installations, 2 %

Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.2: Repartition of WWTPs according to the type of discharge
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Of the 95 directly discharging WWTPs, 60 % treat waste water originating from IED
installations from the organic chemistry sector (i.e. LVOC, OFC, POL), 16 % from the
inorganic chemistry sector (i.e. LVIC-AAF, LVIC-S, SIC, CAK), and 23 % from both sectors
(Figure 2.3).

Total number of installations

Indirect, mainly inorganic: in the surveys: 107

1installation, 1 %

Indirect, mainly organic:
7 installations, 7 %

Indirect, both organic and inorganic:
4 installations, 4 %

Direct, no specification:
1 installation, 1 %

Direct, mainly organic:
57 installations, 53 %

Direct, both organic and inorganic:
22 installations, 21 %

Direct, mainly inorganic:
15 installations, 14 %

Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.3: Repartition of WWTPs according to the production activities

The co-treatment of domestic waste water on the site was reported for 24 out of the 95 directly
discharging WWTPs (or 25 %). The domestic waste water originated from sanitary facilities on
site and/or from municipalities. Of these 24 WWTPs, 20 provided figures that allowed the
volume share of the co-treated domestic waste water to be calculated (Figure 2.4).
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Figure 2.4: Volume share of co-treated domestic waste water

The volume share of the co-treated domestic waste water was in all cases below 30 %. The four
WWTPs with the highest volume share of domestic waste water (between 17 % and 29 %) are
all located in Germany. Information on the corresponding shares of the pollutant loads was not
provided with the questionnaires. However, given the generally high concentrations of organic
compounds in the influents to the WWTPs with co-treatment (e.g. #01: COD=3.3 g/l;
#02: COD=1.2 g/1; #03: COD=0.57 g/1;, #041: COD=1.0 g1, #21: COD=2.3 g/l;
#75: TOC = 1.9 g/l), it can be reasonably assumed that the main COD load of the plants of the
surveys did not originate from domestic waste water.

The questionnaires reflect different sizes of WWTPs, from relatively small WWTPs treating
less than 10 x 10° m*/yr to large WWTPs treating volumes of more than 20000 x 10’ m’/yr
(Figure 2.5).The median accounted for approximately 1400 x 10’ m*/yr. The different sizes of
the WWTPs are also reflected in the COD influent loads, ranging from approximately 100 t/yr
to 145000 t/yr. Among the directly discharging WWTPs with biological treatment, the lowest
volume of treated waste water was reported for WWTP #52 (120 x 10’ m’/yr in 2007), the
lowest BODs load in the influent for WWTP #62 (34 t/yr = 1 600 p.e. (population equivalent) in
2007), and the highest volume of treated waste water together with the highest BODs load in the
influent for WWTP #02 (122 000 x 10’ m*/yr and 78 x 10° t/yr = 3.6 x 10° p.e., respectively, in
2007) [222, CWW TWG 2013 ].
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Average WW treated (103 m3/yr)

NB: Data from 2007 to 2011. For each installation, the most recent data were used.
Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]
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Figure 2.5:  Average waste water volume treated (only direct discharges)

Further analysis of the questionnaires reveals that, among others, Germany, Italy and Poland
were represented by larger WWTPs in the survey, while Belgium, France, Sweden and the

United Kingdom were represented by smaller WWTPs (Figure 2.6).
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NB: Data from 2007 to 2011. For each installation, the most recent data were used. Three installations with direct

discharge did not report the treated waste water volume.
Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.6:
countries (only direct discharges)

Median of the average waste water volumes treated by the WWTPs of different
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2.2 Main unit processes at the WWTPs

In order to compare emission levels from the various installations, the techniques used were
grouped. Final waste water treatment is usually a combination of individual treatment steps. For
example, the most commonly used activated sludge process is generally preceded and followed
by a solids removal step. The activated sludge process may be combined with
nitrification/denitrification and/or chemical phosphorus precipitation depending on the
composition of the waste water. The heterogeneous combinations and, in addition, the different
denominations used in the questionnaires for the same technique made it difficult to group
installations.

The complete mix activated sludge (CMAS) process was identified as the main final unit
process for waste waters with organic substances (53 WWTPs out of a total of 107 WWTPs
covered by the surveys). The installations using the CMAS process were then further
categorised according to:

. use of flat tanks, tower biology, or membrane bioreactor;

. solids removal techniques;

. pretreatment steps, e.g. anaerobic step, additional activated sludge process, physico-
chemical treatments;

. occurrence of nitrogen and/or phosphorus removal.

The main unit processes used at the final WWTPs of the surveys are (see also Table 7.1 in
Section 7.2, Annex II):

. physico-chemical and biological treatment or only biological treatment (68 WWTPs):

° CMAS flat tank (i.e. #01, #02, #03, #041, #06, #09, #10, #11, #12, #14, #17, #18,
#19, #22, #24, #25, #28, #37, #40, #47, #48, #49, #50, #51, #52, #54, #57, #58,
#60, #61, #62, #63, #64, #68);

° CMAS tower biology (i.e. #07, #13, #14, #15, #16, #21, #45);

° membrane bioreactor (i.e. #08, #36, #41 (partially), #69, #70 (partially), #118);

° activated sludge without further specification (i.e. #41, #70, #75, #83, #91, #96,
#102, #103, #104, #108);

° fixed-bed reactor (i.e. #29);

° expanded-bed process (i.e. #33, #34);

° biological treatment without further specification (i.e. #74, #76, #82, #89, #90, #92,
#98, #100, #101, #105);

. physico-chemical treatment only (38 WWTPs):

° neutralisation (i.e. #042, #27, #35, #56, #65, #66, #67, #73, #79, #80, #81, #84,
#93, #94, #1006, #107, #109, #110, #111, #113, #115, #116, #117, #120, #121);

° precipitation/coagulation/flocculation (i.e. #042, #05, #27, #32, #35, #56, #73, #93,
#115);

° crystallisation (i.e. #05);

° skimming (i.e. #53);

° oil-water separation (i.e. #26, #35, #46, #85);

° oxidation with H,O, (i.e. #65, #66, #67, #84),

° stripping (i.e. #27, #38);

° activated carbon filtration (i.e. #81).

One WWTP (i.e. #88) did not report which techniques are used.
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With respect to the final solids (TSS) removal step, the following techniques are applied at the
WWTPs:

sedimentation (i.e. #02, #03, #041, #042, #06, #07, #09, #12, #13, #14, #15, #16, #17,
#18, #19, #22, #24, #25, #26, #27, #28, #31, #37, #40, #41, #47, #48, #49, #52, #53, #54,
#56, #57, #62, #63, #65, #66, #67, #068, #70, #79, #82, #86, #87, #89, #91, #93, #94,
#100);

ultrafiltration, including membrane bioreactor (i.e. #08, #36, #38, #41 (partially), #69,
#70 (partially), #118);

sand filtration (i.e. #01, #32, #34, #45, #61, #115, #120);

filtration without further specification (i.e. #05, #105, #117);

flotation (i.e. #10, #11, #21, #29, #33, #35, #46, #50, #51, #60, #64, #75);

reverse osmosis (i.e. #58).

Filtration and flotation are often preceded by a sedimentation step.

Depending on the organic load of the influent, a variety of pretreatment processes are used,
including:

additional activated sludge processes (i.e. #01, #041, #08, #09, #10, #14, #33, #41, #61,
#063, #70);

trickling filters (i.e. #07, #57);

fixed-bed reactors (i.e. #24);

anaerobic pretreatment (i.e. #16, #29);

oxidation (i.e. #18, #58);

oil-water separation (i.e. #45, #89, #90);

stripping (i.e. #118).

Installation #06 uses waste water incineration for some segregated streams (10 % of the waste
water volume and 50 % of the TOC load).

Several of the WWTPs apply nitrogen and/or phosphorus removal. For some WWTPs, nitrogen
and/or phosphorus removal were not explicitly mentioned but could be derived from the
influent and effluent data:

nitrification/denitrification (i.e. #01, #02, #03, #041, #06, #07, #08, #09, #10, #11, #12,
#14, #16, #21, #22, #34, #36, #37, #40, #41, #45, #49, #50, #52, #57, #58, #60, #61, #63,
#69, #70, #74, #75, #82, #89, #92, #96, #98, #100, #108, #118);

chemical phosphorus precipitation (i.e. #01, #02, #03, #06, #07, #08, #10, #11, #12, #13,
#14, #33, #34, #36, #51, #57, #70, #74, #76, #95).
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2.3  Energy consumption of biological WWTPs

Data on energy consumption were only gathered during the first survey, but not during the
second. For 21 out of a total of 47 biological WWTPs participating in the first survey (directly
or indirectly discharging), energy consumption values in combination with waste water volumes
and abated COD loads were reported so that specific energy consumption values could be
calculated (Figure 2.7). Installations #08, #36, #41 and #69 use membrane bioreactors, which
explains their higher specific energy consumption.
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Figure 2.7:  Specific energy consumption of the biological WWTPs
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2.4  Analysis of key parameters
24.1 General

The following sections discuss the reported performance of the WWTPs over a number of
parameters. The graphs contained in Section 2.4 exclusively refer to directly discharging
WWTPs. Influent and effluent data were gathered for the reference years 2007 to 2011. In
general, the most recent dataset of each WWTP is displayed except in a few cases, where the
dataset of one of the preceding years was more complete (i.e. #041, #042, #10, #29, #86, #87,
#100). The symbols used in this section are given in Table 2.2.

Table 2.2:  Symbols used in the graphs of Section 2.4

Average values
Symbol | Waste water (WW) stream | Type of discharge and waste water treated
Direct discharge, organic WW

Effluent Direct discharge, organic and inorganic WW

Direct discharge, inorganic WW

Direct discharge, organic WW

Influent Direct discharge, organic and inorganic WW

DD

Direct discharge, inorganic WW
Maximum values

Symbol Type of value

80th percentile

- 90th percentile

Average values determined without removing abnormal discharges

- Highest monthly averages (i.e. smoothed out)

X No information — probably real maximum (i.e. outliers not removed)
- Outliers removed

- Predefined maximum value

- Real maximum (i.e. outliers not removed)

Concentrations given in the graphs showing both influent and effluent emissions are average
values (mostly yearly averages), generally averages of 24-hour composite samples.

24.2 Sum parameters
24.2.1 COD, TOC and BOD
24.2.1.1 General

Substances which have an unfavourable influence on the oxygen balance are included in the
indicative list of substances to be taken into account for fixing emission limit values in Annex II
to the IED (2010/75/EU) [ 5, Directive 2010/75/EU 2010 ].

24.2.1.2 Chemical oxygen demand (COD)

COD is commonly used to indirectly measure the amount of organic compounds in water by
measuring the mass of oxygen needed for their total oxidation to carbon dioxide. The most
widespread COD monitoring methods use dichromate as an oxidising agent and mercury salts to
suppress the influence of inorganic chloride. COD has to be considered in relation to total
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suspended solids (TSS) since TSS removal efficiency affects performance achieved with respect
to COD (see Section 2.4.2.2).

Care has to be taken when converting COD to TOC or vice versa using ratios; these ratios need
to be well-established for each case. Theoretical COD/TOC ratios of organic substances range
from 0.67 (oxalic acid) to 5.33 (methane). For those WWTPs where both COD and TOC data
for the effluent were reported (33 out of a total of 95 directly discharging WWTPs), COD/TOC
ratios range from 1.73 to 6.38 (median 3.0). Values higher than the theoretical range may be
caused by measurement uncertainties or by the presence of oxidisable inorganic substances.

In Germany, for economic and environmental reasons, COD was replaced to some extent by
TOC. A study conducted for the German Federal Environment Agency (UBA DE) on different
industrial sectors showed that, for the chemical industry, the COD/TOC ratio was mostly in the
range of 2.5-3.5 (median 2.9; 1 053 samples of 38 effluents) [ 97, Braun et al. 1999 ].

Overview of WWTP performance on COD

Out of a total of 95 directly discharging WWTPs, COD concentration values in the effluent
were reported for 67 WWTPs (or 71 %), and for 48 (or 72 %) of the latter, COD values in the
influent were also reported. Two effluent values were given as below a certain concentration
(Figure 2.8 and Figure 2.9). Often 24-hour composite samples were taken on a daily basis.
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NB: Data labels indicate the plant code (see Table 7.1 in Section 7.2, Annex II) and the type of treatment.
Bio = biological treatment; PC = physico-chemical treatment only.

Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.8: Average COD concentrations (mostly yearly averages) in the influents and effluents of
directly discharging WWTPs (all WWTPs are shown)
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Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.9: Average COD concentrations (mostly yearly averages) in the influents and effluents of
directly discharging WWTPs (only WWTPs with effluent values <700 mg/l are
shown)

WWTPs showing either relatively high BODs and/or TSS values in the effluent (e.g. #25, #28,
#29, #37, #57, #108, #116) or WWTPs treating only waste waters from OFC plants (e.g. #06,
#41, #70, #118) tend to have higher COD emissions.

Abatement efficiencies for loads reported for 44 WWTPs range from 4.1 % to 98.0 %, but more
generally from 55.3 % to 97.0 % (10th to 90th percentile) with a median of 90.8 %. Efficiencies
reported for loads and concentrations match in the vast majority of cases. Several installations
achieve abatement efficiencies higher than 90 % with average effluent concentrations below
100 mg/1.

Techniques reported to reduce COD emissions
The following pretreatment operations (carried out at the installation(s) from which the waste
waters originate) were reported in the questionnaires:

stripping,
distillation,
adsorption,
extraction,

chemical oxidation,
biological treatment,
filtration.

Most of the installations with high COD concentrations in the influent to the final treatment (i.e.
COD > 100 mg/1) use biological treatment (see Figure 2.8 and Figure 2.9). CMAS systems are
most widely used for biological treatment (see Section 2.2).

Common Waste Water and Waste Gas Treatment/Management Systems in the Chemical Sector 49



Chapter 2

Fluctuations of emissions around the average (in concentration)

Maximum COD values reported for 52 WWTPs vary around the average by a factor of 1.1-9.2,
but more generally by a factor of 1.3-3.3 (10th to 90th percentile). Batch production or events
such as shutdowns at the level of the individual chemical production plants can explain
variations in COD emissions.

Limits of detection (LOD) and quantification (LOQ)

In Flanders (Belgium), COD is considered not quantifiable below 7 mg O,/1. In Spain, the limit
of quantification for COD is 30 mg O/1. In Germany, the LOQ for COD is 15 mg O/l based on
German standard DIN 38409-H 41-1. Two international standards for measuring COD exist.
ISO 6060 (1989) is applicable to water with a value between 30 mg/l and 700 mg/l. The
chloride content must not exceed 1 000 mg/1. If the value exceeds 700 mg/l, the water sample is
diluted. For greatest accuracy, it is preferable that the value of the sample be in the range of
300-600 mg/l. ISO 15705 (2002) uses the sealed tube method which is applicable up to a COD
value of 1000 mg/l and a chloride concentration not exceeding 1 000 mg/l. The method has a
limit of detection of 6 mg/l for photometric detection at 600 nm, and 15 mg/l for titrimetric
detection. At low COD concentrations, measurements are prone to interference by high chloride
levels. TOC measurements are much less sensitive in this respect.

Parameters that affect performance

Significant removal of the total organic loads depends mainly on the removal of the refractory
organic fraction of this total load as well as on the optimum operation of the biological part of
the treatment system to remove the biodegradable part.

Relevant refractory organic loading needs pretreatment or post-treatment depending on the
concentration and the required effluent quality. Once the refractory organic loading has been
taken care of, a number of parameters have to be kept under control to ensure the highest
efficiency of the biological treatment (in terms of abatement/removal of pollutants, energy
efficiency, production of sludge, odour nuisance, etc.). These parameters are, for the most part,
specific to each type of biological treatment process used (suspended growth or fixed film
processes) and to the technology chosen for the treatment process (e.g. trickling filter,
sequencing batch reactor, membrane bioreactor). However, as a rule of thumb, smooth
operation, especially with limited variations of loads and characteristics of the influent waste
water, is generally desirable, especially for activated sludge processes. One should also bear in
mind that (seasonal) ambient temperatures as well as the waste water temperature affect the
biological treatment.

Biological treatment takes time (days to weeks) to recover from upset conditions (sudden
variations in the flow and load). In extreme conditions the whole population of
bacteria/microorganisms has to be replaced. Fixed biomass could be less sensitive to upset
conditions.

Excessive amounts of spent caustic (used for example to abate SOx emissions) can quickly
overwhelm a waste water treatment system due to the normally high COD of the spent caustic.
Another issue can be a significant increase in ammonium and sulphide loads that result from
upsets in the operation of strippers. These loads can, in turn, upset a biological treatment system
if it is not designed to handle ammonium and sulphide.

Restrictions on water usage or high levels of water recycling can explain the relatively high
concentration of COD (and of pollutants in general) even if high abatement efficiency is
achieved.

Relationship between performance and techniques used, as reported in the questionnaires

There is no clear performance trend associated with the use of certain technologies or
combinations thereof. The final effluent concentration very much depends on the way the
WWTP is designed, maintained, and operated. A large panel of techniques allows for achieving
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COD discharges below the 50th percentile for COD (i.e. approximately 100 mg/l as a yearly
average of 24-hour composite samples).

Regardless of the type of treatment system selected, one of the keys to effective biological
treatment is to develop and maintain an acclimated, healthy biomass, sufficient in quantity to
handle maximum flows and the organic loads to be treated.

24.2.1.3 Total organic carbon (TOC)

Total organic carbon (TOC) analysis is used to directly measure the amount of organic
compounds in water. The most widespread methods use a combustion chamber to completely
oxidise the organic substances to carbon dioxide which is then measured by spectrometry.
Inorganic carbon is not included in the TOC. Identifying changes in the normal/expected TOC
concentrations can be a good indicator of potential threats to a waste water treatment system.
Various online TOC analysers exist. There is a trend to replace COD with TOC for economic
and ecological reasons.

Overview of WWTP performance on TOC

Out of a total of 95 directly discharging WWTPs, TOC concentration values in the effluent were
reported for 45 WWTPs (or 47 %), and for 22 (or 49 %) of the latter, TOC values in the influent
were also reported (Figure 2.10 and Figure 2.11). Often 24-hour composite samples were taken
on a daily, weekly or semi-monthly basis.
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Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.10: Average TOC concentrations (mostly yearly averages) in the influents and effluents of
directly discharging WWTPs (all WWTPs are shown)
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Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.11: Average TOC concentrations (mostly yearly averages) in the influents and effluents of
directly discharging WWTPs (only WWTPs with effluent values < 90 mg/l are shown)

Abatement efficiencies for loads reported for 19 WWTPs range from 4.1 % to 97.7 %, but more
generally from 78.3 % to 96.9 % (10th to 90th percentile) with a median of 91.4 %.TOC
abatement efficiencies are similar to COD abatement efficiencies.

Techniques reported to reduce TOC emissions
The techniques are the same as those indicated under the COD section (see Section 2.4.2.1.2).

Fluctuations of emissions around the average (in concentration)

Maximum TOC values reported for 29 WWTPs vary around the average by a factor of 1.1-4.7,
but more generally by a factor of 1.2-2.9 (10th to 90th percentile). COD and TOC fluctuations
are similar.

Limits of detection (LOD) and quantification (LOQ)

In Flanders (Belgium), TOC is considered not quantifiable below 10 mg/l. The international
standards for measuring TOC are EN 1484 (1997) and ISO 8245 (1999). Both standards are
guidelines to measure TOC by oxidation via combustion, addition of an appropriate oxidant,
UV radiation, or any other high-energy radiation. The carbon dioxide formed is determined
either directly or after reduction while the final determination of carbon dioxide is carried out by
a number of different procedures, for example: infrared spectrophotometry, titration, thermal
conductivity, conductometry, coulometry, use of carbon dioxide-sensitive sensors and flame
ionisation detection. Inorganic carbon is removed by acidification and purging, or is determined
separately. EN 1484 gives an application range of 0.3—1 000 mg/l while the lower value is only
applicable in special cases, for example drinking water, measured with instruments capable of
measuring these low levels.

Parameters that affect performance
See discussion under the COD parameter (see Section 2.4.2.1.2).

Relationship between performance and techniques used as reported in the questionnaires
See discussion under the COD parameter (see Section 2.4.2.1.2).

52 Common Waste Water and Waste Gas Treatment/Management Systems in the Chemical Sector




Chapter 2

24214 Biochemical oxygen demand after five days (BODs)

BODs measures the amount of dissolved oxygen required or consumed after five days at a
constant temperature for the microbiological decomposition (oxidation) of organic material in
water.

The concentration in the effluent is generally a more pertinent parameter than the abatement
efficiency.

The parameters COD and TOC are faster to determine than BODs. Furthermore, the use of
BODs as a parameter to describe the efficiency of biological treatment has some disadvantages
such as:

o the monitoring method used is not very accurate considering reproducibility and
methodology dependence (dilution method versus respirometer for example);

o the analytical result depends on the local conditions of the laboratory, such as the
inoculum used for the test;

o the BODs measurement does not allow for any prediction on the performance within the

WWTP; it only provides an indication as to whether the waste water is easily degradable
to a certain rate.

The ratio BODs/COD in the raw effluent cannot be used as an operational parameter for the
waste water treatment, but gives a rough indication of biodegradability. As a rule of thumb,
BODs/COD ratios before treatment of < 0.2 indicate relatively non-degradable organic
substances, ratios between 0.2 and 0.4 indicate moderately to highly degradable organic
substances, and ratios of >0.4 indicate highly degradable organic substances (see
Section 3.3.2.3.5). More than 90 % of the WWTPs surveyed treat waste waters with
BODs/COD ratios of > 0.2, i.e. waste waters with presumably moderately to highly degradable
organic substances. In the effluents, the BODs/COD ratios are mostly < 0.2, indicating waste
waters with relatively non-degradable substances.

Overview of WWTP performance on BODs

Out of a total of 95 directly discharging WWTPs, BOD; concentration values in the effluent
were reported for 58 WWTPs (or 61 %), and for 36 (or 62 %) of the latter, BODs values in the
influent were also reported. Six effluent values were given as below a certain concentration or
below the limit of detection (Figure 2.12 and Figure 2.13). Often 24-hour composite samples
were taken on a daily, weekly or semi-monthly basis.
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NB: Data labels indicate the plant code (see Table 7.1 in Section 7.2, Annex II) and the type of treatment.
Bio = biological treatment; LOD = limit of detection; PC = physico-chemical treatment only.

Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.12: Average BODs concentrations (mostly yearly averages) in the influents and effluents
of directly discharging WWTPs (all WWTPs are shown)
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NB: Data labels indicate the plant code (see Table 7.1 in Section 7.2, Annex II) and the type of treatment.
Bio = biological treatment; LOD = limit of detection; PC = physico-chemical treatment only.

Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.13: Average BODs concentrations (mostly yearly averages) in the influents and effluents
of directly discharging WWTPs (only WWTPs with effluent values < 180 mg/l are
shown)
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Abatement efficiencies for loads reported for 33 WWTPs range from 37.8 % to 99.96 %, but
more generally from 78.1 % to 99.7 % (10th to 90th percentile) with a median of 97.9 %.
Efficiencies reported for loads and concentrations match in the vast majority of the cases.

Techniques reported to reduce BODs emissions

The techniques used to remove COD (see Section 2.4.2.1.2) may remove (part of the) BODs
too; on the other hand, pretreatment of COD may in certain cases raise BODs (conversion of
non-degradable to biodegradable matter, e.g. by partial oxidation). The only technique which is
a priori dedicated to removing BODs is biological treatment.

Fluctuations of emissions around the average (in concentration)

Maximum BODs values reported for 43 WWTPs vary around the average by a factor of 1.2-9.5,
but more generally by a factor of 1.6-5.3 (10th to 90th percentile). BODs fluctuations are
slightly higher than COD and TOC fluctuations.

Limits of detection (LOD) and quantification (LOQ)

In Flanders (Belgium), BODs is considered not quantifiable below 3 mg O,/I1. In Spain, the LOQ
for BODs is 8 mg O,/1. In Sweden, BOD; is monitored instead of BODs. Four international
standards for measuring BOD exist. EN 1899—1 (1998) and ISO 5815-1 (2003) specify a BOD
determination of waters by dilution and seeding with suppression of nitrification by
allylthiourea. They are applicable to all waters with biochemical oxygen demands greater than
or equal to 3 mg/l of oxygen (the limit of quantification) and not exceeding 6 000 mg/l of
oxygen. EN 1899-2 (1998) and ISO 5815-2 (2003) specify a BOD determination of undiluted
waters samples. They are applicable to BOD values greater than or equal to 0.5 mg/l of oxygen
(the limit of quantification) and not exceeding 6 mg/l of oxygen.

Parameters that affect performance
See discussion on biological treatment under the COD parameter (see Section 2.4.2.1.2).

Since BODs; < COD, the monitoring of BOD:s is not essential when COD or TOC is low.

Relationship between performance and techniques used as reported in the questionnaires

See discussion under the COD parameter (see Section 2.4.2.1.2). One Member State mentioned
that it can be expected that BODs concentrations in the effluent/performance are less dependent
on the variation of the production than COD/TOC, and can be controlled by the proper
operation of the final treatment alone.

2422 Total suspended solids (TSS)

Materials in suspension are included in the indicative list of substances to be taken into account
for fixing emission limit values in Annex II to the IED (2010/75/EU) [ 5, Directive 2010/75/EU

20107.

There are some reasons to link the analysis of TSS with other parameters. If BOD/COD/TOC
removal functions poorly, TSS emissions may be affected. Conversely, high TSS values can
correlate with/cause high concentrations of other parameters, namely BOD, COD/TOC, total
phosphorus, total nitrogen, and metals.

It is possible to have higher TSS values in the effluent than in the influent, for example due to
the growth of biomass during biological treatment or due to the precipitation of compounds
during physico-chemical treatment. In most cases, it therefore does not make sense to calculate
abatement efficiencies for the WWTP.

Overview of WWTP performance on TSS

Out of a total of 95 directly discharging WWTPs, TSS values in the effluent were reported for
76 WWTPs (or 80 %). Two effluent values were given as below a certain concentration or
below the limit of detection (Figure 2.14, Figure 2.15, and Figure 2.16). Often 24-hour
composite samples were taken on a daily basis.
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NB: Data labels indicate the plant code (see Table 7.1 in Section 7.2, Annex II) and the type of treatment.
Bio = biological treatment; Filtr = filtration; Flot = flotation; LOD = limit of detection; NI = no information
provided; NT= no final treatment; PC = physico-chemical treatment only; SF = sand filtration;
Sed = sedimentation; Ultraf = ultrafiltration.

Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.14: Average TSS concentrations (mostly yearly averages) in the effluents of directly
discharging WWTPs (all WWTPs are shown)
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NB: Data labels indicate the plant code (see Table 7.1 in Section 7.2, Annex II) and the type of treatment.
Bio = biological treatment; Filtr = filtration; Flot = flotation; LOD = limit of detection; NI = no information
provided; NT = no final treatment; PC = physico-chemical treatment only; SF = sand (filtration;
Sed = sedimentation; Ultraf = ultrafiltration.

Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.15: Average TSS concentrations (mostly yearly averages) in the effluents of directly
discharging WWTPs (only WWTPs with effluent values < 300 mg/l are shown)
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NB: Data labels indicate the plant code (see Table 7.1 in Section 7.2, Annex II) and the type of treatment.
Bio = biological treatment; Filtr = filtration; Flot = flotation; LOD = limit of detection; NI = no information
provided; NT = no final treatment; PC = physico-chemical treatment only; SF = sand filtration;
Sed = sedimentation; Ultraf = ultrafiltration.

Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.16: Average TSS concentrations (mostly yearly averages) in the effluents of directly
discharging WWTPs (only WWTPs with effluent values < 50 mg/1 are shown)

WWTPs showing either relatively high BODs and/or COD/TOC values in the effluent (e.g. #18,
#25, #28, #57, #108, #110) tend to have higher TSS emissions.

Techniques reported to reduce TSS emissions

The techniques used for final solids removal are given in Section 2.2, as well as in Figure 2.14,
Figure 2.15, and Figure 2.16. Sedimentation is most widely used, followed by flotation.
Filtration and flotation are often preceded by a sedimentation step.

Fluctuations of emissions around the average (in concentration)

Maximum TSS values reported for 58 WWTPs vary around the average by a factor of 1.3-23,
but more generally by a factor of 1.6-9.2 (10th to 90th percentile). TSS fluctuations are
significantly higher than COD and TOC fluctuations. Seasonal variations (e.g. rain season) and
the treatment of storm water (sometimes from a nearby city) may cause higher variability in the
TSS effluent concentration.

Limits of detection (LOD) and quantification (LOQ)

In Flanders (Belgium), TSS is considered not quantifiable below 2 mg/l. In Spain, the LOQ for
TSS is 2 mg/l. Two international standards, EN 872 (2005) and ISO 11923 (1997), describe a
method for the determination of suspended solids in raw waters and waste waters by filtration
though glass fibre filters. The lower limit of the determination is in both cases approximately
2 mg/l.

Parameters that affect performance

The performance of the techniques used for final solids removal is influenced by the
characteristics (e.g. settleability) and concentration of the suspended solids. Biological WWTPs
with high influent loads of BOD;s (e.g. some OFC plants) generally generate more biomass
during treatment and therefore will require more sophisticated techniques to achieve the same
TSS emission level as a biological WWTP with lower influent loads of BOD:s.
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Relationship between performance and techniques used as reported in the questionnaires
The performance of the WWTPs with respect to the removal of solids depends on the
techniques used, but also on the characteristics of the waste waters and the operating conditions
of the installations (e.g. residence time in the final clarifier in the case of sedimentation).

Average TSS values below 25 mg/l are achieved by WWTPs using sand filtration (e.g. #34:
5 mg/l, #01: 6 mg/l, #61: 6 mg/l, #32: 15 mg/l, #115: 21 mg/l, #45: 22 mg/l, and #120: 23 mg/1).
Installations using ultrafiltration as the main solids removal step (often as part of a membrane
bioreactor) show very low TSS values in the effluent (i.e. #36: < limit of detection, #08: 1 mg/l,
#118: 2 mg/l, and #69: <5 mg/l). In the case of the installations #41 and #70, only part of the
effluent is treated by the membranes, and therefore TSS emissions are higher (17 mg/l and
48 mg/l, respectively).

Directly discharging WWTPs using flotation tend to show higher TSS values in the effluent
(15-120 mg/1), although nine out of the eleven WWTPs reporting the use of flotation achieve
average TSS values below 35 mg/l (i.e. #10, #11, #21, #33, #35, #50, #60, #64, #75) and five of
them even below 20 mg/l (i.e. #11, #21, #33, #64, and #75). The largest spread of TSS effluent
values is found when sedimentation as the main solids removal step is used (5-2 900 mg/l).
Nevertheless, among the 34 directly discharging WWTPs using sedimentation and reporting
TSS emission values, 17 WWTPs achieve average TSS values below 20 mg/l, and 23 WWTPs
achieve average TSS values below 35 mg/I.

2.4.2.3 Adsorbable organically bound halogens (AOX)

AOX is a sum parameter which indicates the overall level of organohalogen compounds
(chlorine, bromine and iodine) in water samples. It is important as many organohalogen
compounds are toxic (especially the fat-soluble chlorinated group — dioxins, furans, and
polychlorinated phenolic compounds) and/or persistent. However, as a sum parameter, AOX
does not give information on the chemical structure of organohalogen compounds present or on
their toxicity. The AOX method has the advantage that it is quite a simple measurement if it is
compared with the alternative methods of measuring levels of individual compounds which are
complex and require costly equipment. High concentrations of organic compounds or chloride
may interfere with the AOX measurement. AOX is an operational parameter, i.e. the
measurement procedure determines the result. AOX cannot be used to monitor very volatile
compounds. AOX is mainly associated with the production of organic chemicals and silicones.

EOX (extractable organically bound halogens) is a sum parameter that can be used as an
alternative to AOX. EOX only covers non-polar organic compounds, and therefore AOX values
are generally higher than EOX values.

AOX has been routinely monitored in Germany since the 1980s, but less so in Austria, Belgium,
the Czech Republic, France, Italy, the Netherlands, Poland, Spain, and Sweden. EOX
monitoring is used in Belgium, France and the Netherlands.

Waste water streams containing high AOX loads are preferably pretreated or recovered
separately, e.g. by (chemical) oxidation, adsorption, filtration, extraction, (steam) stripping,
hydrolysis (to improve biodegradability), distillation, membrane processes or anaerobic
pretreatment.

Overview of WWTP performance on AOX

Out of a total of 95 directly discharging WWTPs, AOX concentration values in the effluent
were reported for 42 WWTPs (or 44 %), and for 15 (or 36 %) of the latter, AOX values in the
influent were also reported. One effluent value was given as below the limit of detection
(Figure 2.17 and Figure 2.18). A few plants reported EOX values or measurements of individual
halogenated organic compounds via gas chromatography. Often 24-hour composite samples
were taken on a daily, weekly or semi-monthly basis.
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NB: Data labels indicate the plant code (see Table 7.1 in Section 7.2, Annex II) and the type of treatment.
Bio = biological treatment; LOD = limit of detection; PC = physico-chemical treatment only.

Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.17: Average AOX concentrations (mostly yearly averages) in the influents and effluents of
directly discharging WWTPs (all WWTPs are shown)
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NB: Data labels indicate the plant code (see Table 7.1 in Section 7.2, Annex II) and the type of treatment.
Bio = biological treatment; LOD = limit of detection; PC = physico-chemical treatment only.

Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.18: Average AOX concentrations (mostly yearly averages) in the influents and effluents of
directly discharging WWTPs (only WWTPs with effluent values < 1.8 mg/l are shown)
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Average AOX levels in the effluents are generally <1 mg/l. At four WWTPs (i.e. #100 with
78 mg/l, #36 with 17 mg/l, #57 with 3.6 mg/l, and #25 with 1.6 mg/l), AOX emission levels are
> 1 mg/l. Installation #36 produces iodinated X-ray contrast agents and installation #06 organic
fine chemicals (e.g. optical brighteners, dyes, antimicrobial chemicals). Bleach is used as an
oxidising agent during pretreatment at installation #57.

Techniques reported to reduce AOX emissions
The main techniques to reduce AOX emissions are the segregation and selective pretreatment of
waste water streams from processes where AOX is an issue.

The following pretreatment techniques (carried out at the installation(s) from which the waste
waters originate) were reported in the questionnaires:

oxidation (i.e. #07),

stripping (i.e. #12, #14, #15, #17, #19, #21, #22, #36),
adsorption on activated carbon (i.e. #13, #15, #21),
decantation (i.e. #17),

oil-water separation (i.e. #27),

distillation (i.e. #36).

Regarding AOX removal at the WWTPs, the following techniques were reported:

. stripping (i.e. #27),
. adsorption on activated carbon (i.e. #07, #34).

A certain share of the AOX is also removed during final treatment (e.g. due to biodegradation or
due to adsorption to particles).

Fluctuations of emissions around the average (in concentration)
Maximum AOX values reported for 31 WWTPs vary around the average by a factor of 1.1-9.0,
but more generally by a factor of 1.4-3.2 (10th to 90th percentile).

Limits of detection (LOD) and quantification (LOQ)

In Flanders (Belgium), AOX is considered not quantifiable below 20 pg/l. In Germany, the
LOQ for AOX is 15 pg/l. The most widely accepted monitoring method is EN ISO 9562 (2004)
which replaced the European standard EN 1485 (1997). The standard specifies a method for the
direct determination of an amount of usually 10 pg/l in water of organically bound chlorine,
bromine and iodine (expressed as chloride) adsorbable on activated carbon. This method is
applicable to test samples with concentrations of inorganic chloride ions of less than 1 g/l.
Samples with higher concentrations are diluted prior to analysis.

No European or international standard for the determination of EOX exists. The standards for
the determination of EOX are DIN 38408-H8 (1984) in Germany, NEN 6402 (1991) in
Flanders (Belgium), and OENORM M 6614 in Austria. In Flanders (Belgium), the LOQ for
EOX is 5 pg Cl/L.

Parameters that affect performance

Organohalogen compounds are part of the organic load of waste waters. AOX is therefore a part
of COD/TOC, and, if biodegradable, also of BODs. See therefore the discussion under the COD
parameter in Section 2.4.2.1.2.

Relationship between performance and techniques used as reported in the questionnaires
See the discussion under the COD parameter in Section 2.4.2.1.2.
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2.4.3 Metals
2.4.3.1 General

Important characteristics of (heavy) metals which influence waste water treatment are given
below:

o metals are not degradable and almost all of them are adsorbed to the sludge or passed
through the biological WWTP;

o high levels of metals can inhibit the biological processes in WWTPs, but certain
concentrations are needed for the growth of the organisms;

o high metal loadings in waste water sludge cause problems for disposal (in the case of
agricultural use of waste water sludge);

o organic compounds (especially those containing nitrogen such as EDTA) may act as
chelates and keep (heavy) metals in solution and can even release already precipitated
metals;

o once discharged to water, metals from sediment can remobilise in the water body (river
or sea).

The waste waters of many chemical processes contain metals, e.g. they are contained in the
materials used for chemical processing (feedstock, auxiliaries and catalysts). The corrosion of
pipes and equipment is also an important source of metals (especially Cu, Cr, Ni, Zn) in
effluents of WWTPs (in low concentrations, however often representing the main input
regarding loads).

Metals are included in the indicative list of polluting substances in Annex II to the IED
(2010/75/EU) to be taken into account for setting emission limit values [5, Directive
2010/75/EU 2010 ].

Averaging periods used for reporting emissions

Sampling frequency varies considerably, from once per day to once per year. Mostly grab
samples or composite samples over a short duration (2—-24 h) were taken. Averaging periods are
on a yearly basis.

Techniques reported to reduce metal emissions

The main techniques to reduce emissions of metals are the segregation and selective
pretreatment of waste water streams from processes where metals are an issue. During
biological treatment of waste water, metals can be removed by biomass as a positive side effect
either through an active uptake (bioaccumulation) or by passive biosorption. The extent to
which metals are removed depends on several factors, for example pH, nature and concentration
of biomass and inorganic particles, and the chemical state of the metal ion (oxidation state,
complexation).

Parameters that affect performance

The removal of metals is a positive side effect of biological waste water treatment. Increasing
the concentration of biomass during treatment and reducing solids in the effluent increases the
transfer of metals to the sludge and thus increases their removal. This is especially true for those
metals which tend to be bound to particles.

Organometallic compounds may be more difficult to remove from waste waters (this depends
on the compounds and the waste water composition). Under unfavourable conditions, the
achievable elimination may be lower and/or the treatment more difficult/expensive.

Relationship between performance and techniques used as reported in the questionnaires
In many cases, high removal efficiencies are achieved by the WWTPs and special pretreatment
is only used for selected tributary streams.
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Given that the removal of metals is a positive side effect and that applied techniques are
heterogeneous combinations of basic operations, no relationship between performance and
specific techniques could be established.

Limits of detection (LOD) and quantification (LOQ)

Limits of detection and quantification depend on the analytical method, the instruments and the
reagents used, but also on the presence of interfering constituents (matrix). Lower limits of
application (LLA) and LODs/LOQs are described in European (CEN) and International
standards (ISO) but are sometimes outdated.

2432 Cadmium (Cd)

Although cadmium is usually not expected at the outlet of the WWTPs, it can sometimes be
found as a contaminant, e.g. in the effluent of phosphate production (cadmium is found as a
trace element in phosphate rock), or when catalysts are used in production. Cadmium emissions
at sites which do not use cadmium in their processes are expected to be below the limit of
quantification (i.e. < 2 pg/l).

Cadmium is included in the list of priority hazardous substances in Annex X to the Water
Framework Directive [ 28, Directive 2000/60/EC 2000 ]. Substances of this annex are included
in the indicative list of polluting substances in Annex II to the IED (2010/75/EU) to be taken
into account for setting emission limit values [ 5, Directive 2010/75/EU 2010 ].

Overview of WWTP performance on Cd

Out of a total of 95 directly discharging WWTPs, Cd concentration values in the effluent were
reported for 48 WWTPs (or 51 %), and for 10 (or 21 %) of the latter, Cd values in the influent
were also reported. Some 18 effluent values were given as below a certain concentration or
below the limit of detection (Figure 2.19).
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NB: Data labels indicate the plant code (see Table 7.1 in Section 7.2, Annex II) and the type of treatment.
Bio = biological treatment; LOD = limit of detection; PC = physico-chemical treatment only.

Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.19: Average Cd concentrations (mostly yearly averages) in the influents and effluents of
directly discharging WWTPs
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Average Cd levels in the effluents are generally < 1 pg/l. Effluent concentrations > 1 pg/l were
reported for the WWTPs #27, #36, #81, #83, #94, #98, #116, #117, and #119. Installation #94
produces fertilisers. The WWTPs #27, #81, #83, #116, and #117 also showed high emission
levels of other metals, while the WWTPs #83 and #119 also showed high emission levels of
TSS (i.e. > 35 mg/l).

Techniques reported to reduce Cd emissions
The following pretreatment and treatment techniques (carried out at the installation(s) from
which the waste waters originate or the final WWTP) were reported in the questionnaires:

o precipitation and filtration (with other metals),
o ion exchange (with other metals).

Fluctuations of emissions around the average (in concentration)
Maximum Cd values reported for 19 WWTPs vary around the average by a factor of 1.0-66, but
more generally by a factor of 1.0-6.8 (10th to 90th percentile).

Limits of detection (LOD) and quantification (LOQ)

In Flanders (Belgium) as well as in France, Cd is considered not quantifiable below 2 pg/l. In
Germany, the LOQ for Cd is 0.01 pg/l based on EN ISO 17294-1. Analytical methods to
measure Cd include inductively coupled plasma-optical emission spectrometry (ICP-OES) with
an approximate LOQ of 0.2 pug/l (EN ISO 11885) and inductively coupled plasma-mass
spectrometry (ICP-MS) with a lower limit of application of approximately 0.1 pg/l (EN ISO
17294-1).

2.4.3.3 Chromium total (total-Cr)

The corrosion of pipes and equipment is an important source of chromium in the influent of
WWTPs. At some sites, the manufacture of organic chromium compounds (e.g. dyes) is a
source of chromium in waste waters.

Overview of WWTP performance on total-Cr

Out of a total of 95 directly discharging WWTPs, total-Cr concentration values in the effluent
were reported for 53 WWTPs (or 55 %), and for 12 (or 23 %) of the latter, total-Cr values in the
influent were also reported. Some 16 effluent values were given as below a certain
concentration or below the limit of detection (Figure 2.20).
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NB: Data labels indicate the plant code (see Table 7.1 in Section 7.2, Annex II) and the type of treatment.
Bio = biological treatment; LOD = limit of detection; PC = physico-chemical treatment only.

Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.20: Average total-Cr concentrations (mostly yearly averages) in the influents and effluents
of directly discharging WWTPs

Average total-Cr levels in the effluents are generally <25 pg/l. Effluent concentrations
> 25 ng/l were reported for the WWTPs #06, #28, #83, #109, and #116. Installation #06
produces chromium-organic dyes. The WWTPs #28, #83, and #116 also showed high emission
levels of other metals, while the effluents of the WWTPs #28 and #83 also showed high
emission levels of TSS (i.e. > 35 mg/1).

Total-Cr can often be effectively abated by biological treatment; this is shown by WWTPs #02,
#11, and #22 (abatement efficiency > 90 %). However, in the case of WWTP #06, the
abatement efficiency is < 50 % due to the presence of chromium-organic compounds.

Techniques reported to reduce total-Cr emissions
The following pretreatment and treatment operations (carried out at the installation(s) from
which the waste waters originate or the final WWTP) were reported in the questionnaires:

. precipitation and filtration (with other metals),
. ion exchange (with other metals),
. activated sludge systems.

Fluctuations of emissions around the average (in concentration)
Maximum total-Cr values reported for 24 WWTPs vary around the average by a factor of 1.0—
76, but more generally by a factor of 1.4-20 (10th to 90th percentile).

Limits of detection (LOD) and quantification (LOQ)

In Flanders (Belgium), total-Cr is considered not quantifiable below 10 pg/l. In France, the
LOQ is 5 pg/l for chromium and chromium compounds. In Germany, the LOQ for total-Cr is
0.5 ng/l based on EN ISO 17294-1. Analytical methods to measure total-Cr include ICP-OES
with an approximate LOQ of 2 ug/l (EN ISO 11885) and ICP-MS with a lower limit of
application of approximately 1 pg/l (EN ISO 17294-1).
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2434 Chromium VI (Cr VI)
Chromium VT is not expected at the outlet of the WWTPs.

Overview of WWTP performance on Cr VI

Data on Cr VI were only gathered during the first survey, but not during the second. Out of the
52 directly discharging WWTPs participating in the first survey, 6 reported Cr VI values in the
effluent. Of these values, one is of spot-type while the others are given as range-type values (i.e.
<X or <LOD). Cr VI concentrations in the influent were only reported in one questionnaire as
< LOD. Therefore, no analysis on abatement efficiencies was performed.

Techniques reported to reduce Cr VI emissions
Reduction of Cr VI to Crlll, followed by abatement of total-Cr, was reported in the
questionnaires.

Limits of detection (LOD) and quantification (LOQ)

In Flanders (Belgium), Cr VI is considered not quantifiable below 10 pg/l. Analytical methods
to measure Cr VI include spectrometry with 1,5-diphenylcarbazide in a concentration range of
50-3000 pg/l (ISO 11083) and flow analysis (FIA/CFA) in a concentration range of 2—
2000 pg/l (EN ISO 23913).

2.4.3.5 Copper (Cu)

The corrosion of pipes and equipment is an important source of copper in waste waters. At
some sites, the manufacture of copper-based catalysts, the manufacture of organic copper
compounds (e.g. dyes), or the use of catalysts (e.g. ethylene dichloride production via
oxychlorination [ 104, COM 2003 ]) are a source of copper in waste waters.

Overview of WWTP performance on Cu

Out of a total of 95 directly discharging WWTPs, Cu concentration values in the effluent were
reported for 60 WWTPs (or 63 %), and for 20 (or 33 %) of the latter, Cu values in the influent
were also reported. Some 14 effluent values were given as below a certain concentration or
below the limit of detection (Figure 2.21).
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NB: Data labels indicate the plant code (see Table 7.1 in Section 7.2, Annex II) and the type of treatment.
Bio = biological treatment; LOD = limit of detection; PC = physico-chemical treatment only.

Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.21: Average Cu concentrations (mostly yearly averages) in the influents and effluents of
directly discharging WWTPs
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Average Cu levels in the effluents are generally <50 pg/l. Effluent concentrations > 50 pg/l
were reported for the WWTPs #05, #06, #27, #28, #51, #80, #83, #105, #116, and #117.
Installation #05 produces copper-containing catalysts, installation #06 produces copper-organic
dyes, and installations #27 and #80 produce ethylene dichloride. The WWTPs #27, #28, #83,
#116, and #117 also showed high emission levels of other metals, while the effluents of the
WWTPs #28, #51, #80, and #83 also showed high emission levels of TSS (i.e. > 35 mg/I).

In many cases, biological treatment can be used effectively to abate copper emissions; this is
shown by WWTPs #02, #11, and #22 (abatement efficiency > 90 %). However, in the case of
WWTP #06, the abatement efficiency is around 50 % due to the presence of copper-organic
compounds.

Techniques reported to reduce Cu emissions
The following pretreatment and treatment operations (carried out at the installation(s) from
which the waste waters originate or the final WWTP) were reported in the questionnaires:

. precipitation and filtration (with other metals),
. ion exchange (with other metals),
. activated sludge systems.

Fluctuations of emissions around the average (in concentration)

Maximum Cu values reported for 33 WWTPs vary around the average by a factor of 1.0-26, but
more generally by a factor of 1.1-8.2 (10th to 90th percentile). The ratio between maximum
concentrations and average concentrations tends to be higher for installations with lower
average concentrations.

Limits of detection (LOD) and quantification (LOQ)

In Flanders (Belgium), Cu is considered not quantifiable below 25 pg/l. In France, the LOQ is
5 ng/l for copper and copper compounds. In Germany, the LOQ for Cu is 0.1 pg/l based on
EN ISO 17294-1. Analytical methods to measure Cu include ICP-OES with an approximate
LOQ of 2 pg/l (EN ISO 11885) and ICP-MS with a lower limit of application of approximately
1 ng/l (EN ISO 17294-1).

2.4.3.6 Mercury (Hg)

The production of chlorine using the mercury cell technique as well as contaminated sites can
be important sources of mercury for final WWTPs. Mercury can adsorb relatively easily onto
sludge which has to be controlled if the sludge is incinerated.

Mercury is included in the list of priority hazardous substances in Annex X to the Water
Framework Directive [ 28, Directive 2000/60/EC 2000 ]. Substances of this annex are included
in the indicative list of polluting substances in Annex II to the IED (2010/75/EU) to be taken
into account for setting emission limit values [ 5, Directive 2010/75/EU 2010 ].

Overview of WWTP performance on Hg

Out of a total of 95 directly discharging WWTPs, Hg concentration values in the effluent were
reported for 49 WWTPs (or 52 %), and for 13 (or 27 %) of the latter, Hg values in the influent
were also reported. Some 17 effluent values were given as below a certain concentration or
below the limit of detection (Figure 2.22).
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NB: Data labels indicate the plant code (see Table 7.1 in Section 7.2, Annex II) and the type of treatment.
Bio = biological treatment; LOD = limit of detection; PC = physico-chemical treatment only.

Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.22: Average Hg concentrations (mostly yearly averages) in the influents and effluents of
directly discharging WWTPs

Average Hg levels in the effluents are generally < 1 pg/l. Effluent concentrations > 1 pg/l were
reported for the WWTPs #53, #79, #80, #81, #93, and #117. The mercury cell technique is used
at installation #80. The WWTPs #81 and #117 also showed high emission levels of other
metals, while WWTP #80 also showed high emission levels of TSS (i.e. > 35 mg/l).

Techniques reported to reduce Hg emissions
The following pretreatment and treatment operations (carried out at the installation(s) from
which the waste waters originate or the final WWTP) were reported in the questionnaires:

precipitation and filtration,

ion exchange,

reduction with hydrazine,

activated carbon,

activated sludge systems combined with sludge incineration/waste gas treatment.

Fluctuations of emissions around the average (in concentration)
Maximum Hg values reported for 18 WWTPs vary around the average by a factor of 1.0-57, but
more generally by a factor of 1.4-6.6 (10th to 90th percentile).

Limits of detection (LOD) and quantification (LOQ)

In Flanders (Belgium), Hg is considered not quantifiable below 0.25 pg/l. In France, the LOQ is
0.5 pg/l for mercury and mercury compounds. In Germany, the LOQ for Hg is 0.01 pg/l based
on EN ISO 17852 and 0.1 pg/l based on EN 1483. Analytical methods to measure Hg include
atomic fluorescence spectrometry in a concentration range of 0.01-10 pg/I (EN ISO 17852) and
cold vapour atomic absorption spectrometry in a concentration range of 0.1-10 pg/l (EN 1483).
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2.4.3.7 Nickel (Ni)

The corrosion of pipes and equipment is an important source of nickel together with the use of
nickel-based catalysts. Process gas scrubber/input from heavy fuel oil or catalyst manufacture is
also a source of nickel emissions at some sites. Nickel in soluble form is more difficult to
remove.

Nickel is included in the list of priority substances in Annex X to the Water Framework
Directive [ 28, Directive 2000/60/EC 2000 ]. Substances of this annex are included in the
indicative list of polluting substances in Annex II to the IED (2010/75/EU) to be taken into
account for setting emission limit values [ 5, Directive 2010/75/EU 2010 ].

Overview of WWTP performance on Ni

Out of a total of 95 directly discharging WWTPs, Ni concentration values in the effluent were
reported for 49 WWTPs (or 52 %), and for 13 (or 27 %) of the latter, Ni values in the influent
were also reported. Nine effluent values were given as below a certain concentration or below
the limit of detection (Figure 2.23).
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NB: Data labels indicate the plant code (see Table 7.1 in Section 7.2, Annex II) and the type of treatment.
Bio = biological treatment; LOD = limit of detection; PC = physico-chemical treatment only.

Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.23: Average Ni concentrations (mostly yearly averages) in the influents and effluents of
directly discharging WWTPs

Average Ni levels in the effluents are generally <50 ug/l. Effluent concentrations > 50 pg/l
were reported for the WWTPs #28, #41, and #116. The WWTPs #28 and #116 also showed
high emission levels of other metals, while the effluent of WWTP #28 also showed high
emission levels of TSS (i.e. > 35 mg/1).

Nickel is to some extent abated by biological treatment, albeit less than copper or chromium.
This is shown by WWTPs #02, #07, and #11 (abatement efficiency approximately 50—80 %).
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Techniques reported to reduce Ni emissions
The following pretreatment and treatment operations (carried out at the installation(s) from
which the waste waters originate or the final WWTP) were reported in the questionnaires:

precipitation and filtration (with other metals),
ion exchange (with other metals),

filtration (Raney-Ni),

activated sludge systems.

Fluctuations of emissions around the average (in concentration)
Maximum Ni values reported for 28 WWTPs vary around the average by a factor of 1.0-10, but
more generally by a factor of 1.3-5.1 (10th to 90th percentile).

Limits of detection (LOD) and quantification (LOQ)

In Flanders (Belgium) as well as in France, Ni is considered not quantifiable below 10 pg/l. In
Germany, the LOQ for Ni is 1 pg/l based on EN ISO 17294-1. Analytical methods to measure
Ni include ICP-OES with an approximate LOQ of 2 pg/l (EN ISO 11885) and ICP-MS with a
lower limit of application of approximately 1 pg/l (EN ISO 17294-1).

2.4.3.8 Lead (Pb)

Lead is included in the list of priority substances in Annex X to the Water Framework
Directive [ 28, Directive 2000/60/EC 2000 ]. Substances of this annex are included in the
indicative list of polluting substances in Annex II to the IED (2010/75/EU) to be taken into
account for setting emission limit values [ 5, Directive 2010/75/EU 2010 ].

Overview of WWTP performance on Pb

Out of a total of 95 directly discharging WWTPs, Pb concentration values in the effluent were
reported for 43 WWTPs (or 45 %), and for 9 (or 21 %) of the latter, Pb values in the influent
were also reported. Some 19 effluent values were given as below a certain concentration or
below the limit of detection (Figure 2.24).
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NB: Data labels indicate the plant code (see Table 7.1 in Section 7.2, Annex II) and the type of treatment.
Bio = biological treatment; LOD = limit of detection; PC = physico-chemical treatment only.

Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.24: Average Pb concentrations (mostly yearly averages) in the influents and effluents of
directly discharging WWTPs
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Average Pb levels in the effluents are generally < 10 pg/l. Effluent concentrations > 10 pg/l
were reported for the WWTPs #27, #32, #93, #98, #115, and #116. Installation #32 produces
Pb-based PVC stabilisers and installation #115 blends Ca-, Pb-, and Zn-organic stabilisers. The
WWTPs #27 and #116 also showed high emission levels of other metals.

Techniques reported to reduce Pb emissions
The following pretreatment and treatment operations (carried out at the installation(s) from
which the waste waters originate or the final WWTP) were reported in the questionnaires:

. precipitation with sodium carbonate,
. activated sludge systems.

Fluctuations of emissions around the average (in concentration)
Maximum Pb values reported for 15 WWTPs vary around the average by a factor of 1.0-7.1,
but more generally by a factor of 1.2-5.9 (10th to 90th percentile).

Limits of detection (LOD) and quantification (LOQ)

In Flanders (Belgium), Pb is considered not quantifiable below 25 pg/l. In France, the LOQ is
5 ng/l for lead and lead compounds. In Germany, the LOQ for Pb is 0.1 ug/l based on
EN ISO 17294-1. Analytical methods to measure Pb include ICP-OES with an approximate
LOQ of 5 pg/l (EN ISO 11885) and ICP-MS with a lower limit of application of approximately
0.1 pg/l (EN ISO 17294-1).

2.4.3.9 Zinc (Zn)

The corrosion of pipes and equipment (tank insulation, building roofs) is an important source of
zinc. Raw materials are also a source of zinc that can ultimately be released into water. Zinc
emissions may also originate from the production of viscose [ 106, COM 2007 ] or from its use
as a corrosion inhibitor in cooling systems [ 114, COM 2001 ].

Overview of WWTP performance on Zn

Out of a total of 95 directly discharging WWTPs, Zn concentration values in the effluent were
reported for 57 WWTPs (or 60 %), and for 19 (or 33 %) of the latter, Zn values in the influent
were also reported. Four effluent values were given as below a certain concentration
(Figure 2.25).
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NB: Data labels indicate the plant code (see Table 7.1 in Section 7.2, Annex II) and the type of treatment.
Bio = biological treatment; PC = physico-chemical treatment only.

Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.25: Average Zn concentrations (mostly yearly averages) in the influents and effluents of
directly discharging WWTPs

Average Zn levels in the effluents are generally < 300 pg/l. Effluent concentrations > 300 ng/l
were reported for the WWTPs #28, #35, #57, #60, #81, #108, and #116. At installation #35, the
majority of the Zn emissions originate from contaminated groundwater. The WWTPs #28, #81,
and #116 also showed high emission levels of other metals.

Zinc is to some extent abated by biological treatment, albeit less than copper or chromium. This
is shown by WWTPs #02, #07, #11, #21, #22, and #49 (abatement efficiency approximately 50—
90 %).

Techniques reported to reduce Zn emissions
The following pretreatment and treatment operations (carried out at the installation(s) from
which the waste waters originate or the final WWTP) were reported in the questionnaires:

o precipitation and filtration (with other metals),
. ion exchange (with other metals),
o activated sludge systems.

Fluctuations of emissions around the average (in concentration)
Maximum Zn values reported for 39 WWTPs vary around the average by a factor of 1.2-27, but
more generally by a factor of 1.4—8.6 (10th to 90th percentile).

Limits of detection (LOD) and quantification (LOQ)

In Flanders (Belgium), Zn is considered not quantifiable below 25 pg/l. In France, the LOQ is
10 pg/l for zinc and zinc compounds. In Germany, the LOQ for Zn is 1 pg/l based on
EN ISO 11885. Analytical methods to measure Zn include ICP-OES with an approximate LOQ
of 1 ug/l (EN ISO 11885) and ICP-MS with a lower limit of application of approximately 1 pg/l
(EN ISO 17294-1). The operator of WWTP #57 indicated a limit of quantification for zinc of
50 pg/l.
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24.4 Nitrogen compounds
24.4.1 General

While nitrogen is essential to living organisms, excessive concentrations of certain nitrogen
compounds in water can lead to significant environmental problems (eutrophication). However,
nitrogen, like phosphorus and carbon, is needed in the biological processes of waste water
treatment so that organisms that decompose the organic load can reproduce. When the industrial
waste waters do not contain enough nitrogen for optimum growth of the organisms, the addition
of inorganic nitrogen is carried out. A concentration ratio of BODs/N/P of 100/5/1 is often
considered optimal for acrobic waste water treatment. For anaerobic treatments steps, the ratio
is BODs/N/P =100/0.5/0.1 [ 1, Metcalf and Eddy 1991 ].

Nitrogen compounds and in particular nitrates are included in the indicative list of polluting
substances in Annex II to the IED (2010/75/EU) to be taken into account for setting emission
limit values [ 5, Directive 2010/75/EU 2010 ].

Nitrogen-containing compounds may originate from the production of organic chemicals (e.g.
pharmaceuticals, polymers), inorganic chemicals (e.g. fertilisers), or from the raw materials
used in the process (e.g. groundwater contaminated with nitrate).

The measurement of nitrogen-related parameters (i.e. total nitrogen, total inorganic nitrogen,
ammonia/ammonium, nitrate and nitrite) is very sensitive to sampling and analytical methods
(which is not so much the case for COD or TOC).

The removal of nitrogen is subject to greater variability during operation. The nitrification
mechanism as autotrophic is based on very sensitive and slowly growing bacteria compared to
the heterotrophic COD/TOC degradation. Therefore, the variability of maximum to average will
be much higher compared to COD or TOC performance for example.

Depending on the influent, inorganic nitrogen compounds result partly from the biological
treatment process. Therefore, for NH4-N, NO,-N, and NO;-N the concentration in the effluent is
generally a more pertinent parameter than the abatement efficiency.

2442 Total nitrogen (TN) and total inorganic nitrogen (Ninorg)

The parameter total nitrogen (TN) includes free ammonia and ammonium (NHy4-N), nitrites
(NO,-N), nitrates (NO5-N) and organic nitrogen compounds. Dissolved elementary nitrogen
(N») is not included. TN is frequently measured by combustion with subsequent analysis of
nitrogen oxides via chemiluminescence (i.e. total nitrogen bound = TN,, e.g. according to EN
12260), or by oxidation with peroxodisulphate with subsequent wet-chemical analysis of nitrate
(Koroleff method, e.g. according to EN ISO 11905—1). TN can also be determined by summing
up the individual concentrations of total Kjeldahl nitrogen (TKN), NO,-N and NO;-N.

The parameter total inorganic nitrogen (Ninor,) includes free ammonia and ammonium (NH,-N),
nitrites (NO,-N), and nitrates (NO3-N). Niuor, is usually determined by summing up the
individual concentrations of NH4-N (e.g. measured according to EN ISO 11732), NO,-N (e.g.
measured according to EN ISO 10304-1, EN ISO 13395, or EN 26777), and NOs-N (e.g.
measured according to EN ISO 10304—1 or EN ISO 13395). The measurement of nitrite is more
difficult than that of ammonium or nitrate because of its instability and the low concentrations
that are typically encountered in effluents.

The parameter total Kjeldahl nitrogen (TKN) includes free ammonia and ammonium (NH4-N)
and organic nitrogen compounds. TKN is measured by sample digestion with sulphuric acid and
subsequent stripping of ammonia. The latter is absorbed in a solution of boric acid and titrated
(e.g. according to EN 25663). Organically bound nitrogen in the form of azide, azine, azo,
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hydrazone, nitrite, nitro, nitroso, oxime, semicarbazone or heterocycles is not determined
quantitatively [ 99, CEN 1993 ].

From the aforementioned definitions it is apparent that the parameters TN, Njyo.,, and TKN are
not equivalent; therefore, analytical results are non-comparable. By definition, the following
applies: TN > Nipor, and TN > TKN. For those WWTPs where both TN and Nj,, data for the
effluent were reported (23 out of a total of 95 directly discharging WWTPs), TN/Njr, ratios
range from 0.65 to 2.68 (median 1.3). Values lower than one are theoretically impossible and
caused by measurement uncertainties. The ratio becomes higher as the share of organically
bound nitrogen increases. In the case of WWTP #70, it was reported that the high ratio of 2.68
is caused by the presence of refractory organic compounds originating from fermentation
processes.

A study conducted for the German Federal Environment Agency (UBA DE) on different
industrial sectors showed that for the chemical industry, the TN/Njyo., ratio was mostly in the
range of 1.0-1.4 (median 1.2; 763 samples of 38 effluents) [ 97, Braun et al. 1999 ].

In the EU, some Member States use the parameter TN for setting permit conditions while others
use the parameter Nj,,r,. Both parameters show advantages and disadvantages. Niyorg 1S generally
more difficult to determine as three individual parameters have to be measured (i.e. NH4-N,
NO;-N, and NOs-N). Contrary to this, TN can be determined in a single measurement and in
combination with the TOC. Compared to Nj,re, TN also covers organically bound nitrogen
which may contribute to eutrophication. However, the eutrophication potential of organically
bound nitrogen is generally considered to be lower than that of inorganic nitrogen species, and
some organic nitrogen compounds are poorly biodegradable (e.g. EDTA). Therefore, TN
potentially overestimates the bioavailable nitrogen, while Niyr, potentially underestimates it
[ 150, Seitzinger and Sanders 1997 ]. In relation to the techniques used for nitrogen removal,
Ninorg 18 considered a better parameter to assess the performance of nitrification/denitrification,
while TN additionally reflects the performance of ammonification and any pretreatment of
poorly biodegradable organic nitrogen compounds.

Overview of WWTP performance on TN

Out of a total of 63 directly discharging WWTPs with biological treatment, TN concentration
values in the effluent were reported for 39 WWTPs (or 62 %), and for 21 (or 54 %) of the latter,
TN values in the influent were also reported. One effluent value was given as below a certain
concentration (Figure 2.26 and Figure 2.27). Often 24-hour composite samples were taken on a
daily basis.
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Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.26: Average TN concentrations (mostly yearly averages) in the influents and effluents of
directly discharging WWTPs with biological treatment (all biological WWTPs are
shown)
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Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.27: Average TN concentrations (mostly yearly averages) in the influents and effluents of
directly discharging WWTPs with biological treatment (only biological WWTPs with
effluent values < 50 mg/l are shown)
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Biological WWTPs showing relatively high BODs and/or TSS values in the effluent (e.g. #25,
#57, #70, #82, #100) tend to have higher TN emissions.

Abatement efficiencies for loads reported for 18 biological WWTPs range from 27.8 % to
95.7 %, but more generally from 43.8 % to 91.9 % (10th to 90th percentile) with a median of
78.4 %. Efficiencies reported for loads and concentrations match in the vast majority of cases.
Several installations achieve abatement efficiencies higher than 70 % with average effluent
concentrations below 40 mg/I.

Overview of WWTP performance on Ninorg

Out of a total of 63 directly discharging WWTPs with biological treatment, Nj,, concentration
values in the effluent were reported for 36 WWTPs (or 57 %), and for 19 (or 53 %) of the latter,
Ninorg Values in the influent were also reported (Figure 2.28 and Figure 2.29). Often 24-hour
composite samples were taken on a daily basis.
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Figure 2.28: Average Niorg cOncentrations (mostly yearly averages) in the influents and effluents of
directly discharging WWTPs with biological treatment (all biological WWTPs are
shown)
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Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.29: Average Niorg CONcentrations (mostly yearly averages) in the influents and effluents of
directly discharging WWTPs with biological treatment (only biological WWTPs with
effluent values < 40 mg/l are shown)

Biological WWTPs showing either relatively high BODs and/or TSS values in the effluent (e.g.
#37, #82, #100) tend to have higher Njyo., emissions.

Abatement efficiencies for loads reported for 16 biological WWTPs range from 25.7 % to
93.7 %, but more generally from 46.4 % to 91.3 % (10th to 90th percentile) with a median of
84.4 %. These values are very similar to those reported for TN. Efficiencies reported for loads
and concentrations match in the vast majority of cases. Several installations achieve abatement
efficiencies higher than 70 % with average effluent concentrations below 35 mg/l.

Techniques reported to reduce nitrogen emissions
A combination of several of the following techniques can be carried out.

. Pretreatment at the installation(s) from which the waste waters originate, e.g.:

° oxidation with UV radiation (e.g. #02: conversion of EDTA),

° conversion of cyanide (see Section 2.4.9),
° stripping (e.g. #02, #15, #50, #61: ammonia),
° steam distillation (e.g. #50: aniline, nitrobenzene),

° recycling of nitric acid (e.g. #11, #15),
° sedimentation (e.g. #63; #69).

Other techniques which are used to treat COD/TOC loads equally apply to organic nitrogen, e.g.
wet oxidation with hydrogen peroxide, wet air oxidation, and adsorption.

° Treatments at the final WWTP:

° nitrification/denitrification,
° reverse osmosis, evaporation, crystallisation (i.e. #05: recovery of nitrate).
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The abatement of nitrate is particularly difficult if, due to the lack of organic compounds in the
waste water, no biological WWTP is operated. This situation may arise at inorganic sites (e.g.
production of fertilisers: #119 and #120; production of inorganic catalysts: #05).

Fluctuations of emissions around the average (in concentration)

Maximum TN values reported for 29 WWTPs vary around the average by a factor of 1.2-8.9,
but more generally by a factor of 1.3-4.3 (10th to 90th percentile). Maximum Nj,,, values
reported for 26 WWTPs vary around the average by a factor of 1.3-6.1, but more generally by a
factor of 1.4-4.9 (10th to 90th percentile). TN and Ni,, fluctuations are slightly higher than
COD and TOC fluctuations.

Limits of detection (LOD) and quantification (LOQ)

TN: In Flanders (Belgium), TN is considered not quantifiable below 2 mg/l. In Spain, the LOQ
for TN is 10 mg/l. In Germany, the LOQ for TN is 1 mg/l based on EN 12260. EN 12260
specifies a method for quantifying TN by combustion and detection of nitrogen oxides using
chemiluminescence (TN,). Typical limits of detection are around 0.5 mg/l. EN ISO 11905-1
specifies a method using oxidative digestion with peroxodisulphate to nitrate which is then
quantified. A typical limit of detection is 0.02 mg/l. The method can be used in the case of
COD < 120 mg/l and TOC <40 mg/l. Otherwise samples are diluted. ISO 29441 specifies a
method for the determination of total nitrogen after in-line UV digestion and flow analysis with
spectrometric detection. Mass concentrations range from 2 mg/l to 20 mg/l, but other
concentration ranges are possible, e.g. 0.2 mg/l to 2 mg/I1.

Ninorg: In Flanders (Belgium), Niyor, is considered not quantifiable below 2 mg/l. In Germany, the
LOQ for Njyorg Was reported to be about 1 mg/l.

NH4-N: see Section 2.4.4.3.

NO,-N: In Flanders (Belgium), nitrite is considered not quantifiable below 0.1 mg/l
(corresponding to 0.03 mg/l of NO,-N). EN ISO 10304—1 (ion chromatography) gives a lower
limit of application of 0.05 mg/l (corresponding to 0.02 mg/l of NO,-N).

NO;-N: In Flanders (Belgium), nitrate is considered not quantifiable below 0.5 mg/l
(corresponding to 0.1 mg/l of NO;-N). EN ISO 10304-1 (ion chromatography) gives a lower
limit of application of 0.1 mg/1 (corresponding to 0.02 mg/l of NO;-N).

TKN: In Spain, the LOQ for TKN is 10 mg/l. EN 25663 is based on selenium-catalysed
mineralisation with concentrated sulphuric acid with a limit of detection of 1 mg/1.

Parameters that affect performance

Ammonification

The first step in the removal of nitrogen during biological treatment is conversion of organic
nitrogen to ammonia/ammonium. For domestic sewage, where organic nitrogen consists of urea
and faecal material, this already takes place to a certain extent while travelling through sewer
pipes. In the case of waste waters from chemical installations, some organic N might be
recalcitrant to ammonification (e.g. EDTA).

The ratio of ammonia (NH3) versus ammonium (NH,") depends on pH and temperature. At
conditions typical for most biological waste water treatment plants (pH of 6 to 8.5, temperatures
of 10 to 40 °C), far more ammonium than ammonia is present.

Nitrification

Nitrification is a two-step process. Bacteria known as Nitrosomonas convert ammonia and
ammonium to nitrite. Next, bacteria called Nitrobacter finish the conversion of nitrite to nitrate.
The reactions are generally coupled and proceed rapidly from the nitrite to the nitrate form;
therefore, nitrite levels at any given time are usually low (i.e. < 1 mg/l).
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These bacteria known as 'nitrifiers' are strict 'acrobes', meaning they must have free dissolved
oxygen to perform their work. Nitrification occurs only under aerobic conditions at dissolved
oxygen levels of 1.0 mg/l or more. At dissolved oxygen concentrations of less than 0.5 mg/l, the
growth rate is minimal. Nitrification requires a long retention time, a low food to
microorganism ratio (F/M), a high mean cell residence time (measured as mean cell residence
time or sludge age), and adequate buffering (alkalinity).

The nitrification process produces acid. This acid formation lowers the pH of the biological
population in the aeration tank and can cause a reduction of the growth rate of nitrifying
bacteria. The optimum pH for Nitrosomonas and Nitrobacter is between 7.5 and 8.5; most
treatment plants are able to effectively nitrify with a pH of 6.5 to 7.0. Nitrification stops at a pH
below 6.0. The nitrification reaction (that is, the conversion of ammonium to nitrate) consumes
7.1 mg/1 of alkalinity as CaCOj; for each mg/l of NH4-N oxidised. An alkalinity of no less than
50-100 mg/1 is required to ensure adequate buffering.

Water temperature also affects the rate of nitrification. Nitrification reaches a maximum rate at
temperatures between 30 °C and 35 °C. At temperatures of 40 °C and higher, nitrification rates
fall to nearly zero. At temperatures below 20 °C, nitrification proceeds at a slower rate, but will
continue at temperatures of 10 °C or lower. However, if nitrification is lost, it will not resume
until the temperature increases to well over 10 °C. Some of the most toxic compounds to
nitrifiers include cyanide, thiourea, phenol and metals such as silver, mercury, nickel,
chromium, copper and zinc. Nitrifying bacteria can also be inhibited by nitrous acid and free
ammonia.

Denitrification

The biological reduction of nitrate (NOj3") to nitrogen gas (N,) by facultative heterotrophic
bacteria is called denitrification. 'Heterotrophic' bacteria need a carbon source as food to live.
'Facultative' bacteria can get their oxygen by taking dissolved oxygen out of the water or by
taking it from nitrate molecules.

Denitrification occurs when oxygen levels are depleted and nitrate becomes the primary oxygen
source for microorganisms. The process is performed under anoxic conditions, when the
dissolved oxygen concentration is less than 0.5 mg/l, ideally less than 0.2 mg/l. When bacteria
break apart nitrate to gain the oxygen, the nitrate is reduced to nitrous oxide (N,O), and, in turn,
nitrogen gas (N). Since nitrogen gas has low water solubility, it escapes into the atmosphere as
gas bubbles. Free nitrogen is the major component of air, thus its release does not cause any
environmental concern.

Optimum pH values for denitrification are between 7.0 and 8.5. Denitrification is an alkalinity-
producing process. Approximately 3.0 to 3.6 mg/l of alkalinity (as CaCOs) is produced per mg/I
of nitrate, thus partially mitigating the lowering of pH caused by nitrification in the mixed
liquor.

Since denitrifying bacteria are facultative organisms, they can use either dissolved oxygen or
nitrate as an oxygen source for metabolism and oxidation of organic matter. If dissolved oxygen
and nitrate are present, bacteria will use the dissolved oxygen first. That is, the bacteria will not
lower the nitrate concentration. Denitrification occurs only under anaerobic or anoxic
conditions.

Another important aspect of denitrification is the requirement for carbon; that is, the presence of
sufficient organic matter to drive the denitrification reaction. Organic matter may be in the form
of raw waste water, or supplemental carbon. Conditions that affect the efficiency of
denitrification include nitrate concentration, anoxic conditions, presence of organic matter, pH,
temperature, alkalinity and the effects of trace metals. Denitrifying organisms are generally less
sensitive to toxic chemicals than nitrifiers, and recover from toxic shock loads quicker than
nitrifiers.
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Temperature affects the growth rate of denitrifying organisms, with a greater growth rate at
higher temperatures. Denitrification can occur between 5 °C and 40 °C, and these rates increase
with temperature and type of organic source present. The highest growth rate can be found
when using methanol or acetic acid. A slightly lower rate using raw waste water will occur, and
the lowest growth rates are found when relying on endogenous carbon sources at low water
temperatures. Three installations report the addition of external carbon sources to
ensure/improve the denitrification process (i.e. #63: methanol, #45 and #69: acetic acid).

Nitrification/denitrification is further described in Section 3.3.2.3.5.5.

Relationship between performance and techniques used as reported in the questionnaires

The performance of nitrification/denitrification depends on a number of plant operating
conditions as described above. Most of these operating conditions were not asked for in the
questionnaires. Therefore, it is difficult to establish relationships with the reported performance
levels.

2.4.4.3 Ammonium (as NH4-N)

Ammonium can be present in the influent of final WWTPs. Ammonia/ammonium can also be
formed as a first step in the removal of nitrogen in biological WWTPs (i.e. ammonification, see
Section 2.4.4.2). Ammonium is on the one hand assimilated into bacterial cells (leading thus to
net growth) and on the other hand oxidised to nitrite and nitrate (nitrification). Nitrifying
organisms are present in almost all aerobic biological treatment processes, but usually their
numbers are limited.

Free ammonia in concentrations above about 0.2 mg/l can cause fatalities in several species of
fish [ 89, Sawyer et al. 2003 ].

Overview of WWTP performance on NH4-N

Out of a total of 95 directly discharging WWTPs, NH,;-N concentration values in the effluent
were reported for 56 WWTPs (or 59 %), and for 33 (or 59 %) of the latter, NH4-N values in the
influent were also reported (Figure 2.30 and Figure 2.31). Often 24-hour composite samples
were taken on a daily basis.
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NB: Data labels indicate the plant code (see Table 7.1 in Section 7.2, Annex II) and the type of treatment.
Bio = biological treatment; Nitri/deni = nitrification/denitrification; PC = physico-chemical treatment only.

Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.30: Average NH,-N concentrations (mostly yearly averages) in the influents and effluents
of directly discharging WWTPs (all WWTPs are shown)
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NB: Data labels indicate the plant code (see Table 7.1 in Section 7.2, Annex II) and the type of treatment.
Bio = biological treatment; Nitri/deni = nitrification/denitrification; PC = physico-chemical treatment only.

Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.31: Average NH,;-N concentrations (mostly yearly averages) in the influents and effluents
of directly discharging WWTPs (only WWTPs with effluent values < 40 mg/l are
shown)

Biological WWTPs showing either relatively high BODs and/or TSS values in the effluent
(e.g. #28, #37, #82, #100, #108) tend to have higher NH4-N emissions.

Abatement efficiencies for loads reported for 23 WWTPs range from -9.3 % to 99.6 %, but
more generally from 13.8 % to 98.1 % (10th to 90th percentile) with a median of 90.5 %.
Efficiencies reported for loads and concentrations match in the vast majority of cases. At
WWTP #10 (abatement efficiency -9.3 %), the NH4-N concentration in the effluent is higher
than in the influent due to ammonification and inhibition of nitrification because of high
chloride levels. At the installations #119 and #120, nitrogen-containing fertilisers are produced.
Due to the absence of organic compounds in the waste water, the final WWTP only applies
physico-chemical treatment.

Techniques reported to reduce ammonium emissions
A combination of the following techniques can be used:

. pretreatment at the installation(s) from which the waste waters originate, e.g. stripping
(e.g. #21, #61);
. treatments at the final WWTP: nitrification/denitrification.

Fluctuations of emissions around the average (in concentration)

Maximum NHy-N values reported for 48 WWTPs vary around the average by a factor of 1.0—
16.7, but more generally by a factor of 1.6—11.5 (10th to 90th percentile). NH,-N fluctuations
are significantly higher than COD and TOC fluctuations. This is due to the higher sensitivity of
nitrifying bacteria to changes of temperature, seasonal effects, change of production, start-ups
and shutdowns.
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Limits of detection (LOD) and quantification (LOQ)

In Flanders (Belgium), NH;-N is considered not quantifiable below 0.20 mg/l. In Germany, the
LOQ for NH4-N is 0.05 mg/l based on EN ISO 11732, This standard is based on flow analysis
and gives an approximate lower limit of application of 0.1 mg/l. Literature reports that NH,-N
can be determined over a range of 0.02-2 mg/1 by an automated phenate procedure.

Parameters that affect performance
Suspended-growth nitrification and denitrification processes are very much dependent on
temperature, pH, dissolved oxygen, residence time and sludge age.

The dynamic of ammonium removal by bacteria is different to the removal of COD due to the
differing nature of the bacteria involved. It is therefore important to know when changes in
production can occur so as to possibly take the necessary measures to minimise ammonium
emissions, if the interactions are known and the measures applicable.

Relationship between performance and techniques used as reported in the questionnaires
The sensitivity of nitrification causes large variations in emissions as can be seen in Figure 2.30
and Figure 2.31.

2.4.5 Total phosphorus (TP)

Organophosphorus compounds as well as phosphates are included in the indicative list of
polluting substances in Annex II to the IED (2010/75/EU) to be taken into account for setting
emission limit values [ 5, Directive 2010/75/EU 2010 ].

Phosphorus is present in waste waters in inorganic and organic forms. The inorganic forms are
orthophosphates (i.e. HPO,*/H,PO,) and polyphosphates. Organically bound phosphorus is
usually of minor importance. Polyphosphates can be used as a means of controlling corrosion.
Phosphorus discharge has to be controlled in the same way as nitrogen discharge in order to
avoid eutrophication of surface waters. It was reported that, to avoid algal blooms under
summer conditions, the critical level of inorganic phosphorus is near 0.005 mg/1.

Microorganisms utilise phosphorus for cell synthesis and energy transport. As a result, 10-30 %
of the influent phosphorus is removed during traditional biological treatment [ 1, Metcalf and
Eddy 1991 ]. Biological phosphorus removal can be enhanced by the presence of an anaerobic
tank (nitrate and oxygen are absent) prior to the aeration tank. Under these conditions a group of
heterotrophic bacteria, called polyphosphate-accumulating organisms are selectively enriched in
the bacterial community within the activated sludge. These bacteria accumulate large quantities
of polyphosphate within their cells and the removal of phosphorus is said to be enhanced.
Therefore, these bacteria not only consume phosphorus for cellular components but also
accumulate large quantities of polyphosphate within their cells; up to a fraction of 5-7 % of the
biomass. Enhanced biological phosphorus removal is used in a number of urban WWTPs, but
very rarely in WWTPs on chemical sites.

When the industrial waste waters do not contain enough phosphorus for optimum growth of the
organisms used in treatment, the addition of inorganic phosphates is carried out (e.g. #13, #16,
#22, #29, #40, #41, #50, #51, #61, #75, #82, #83, #87, #89, #91, and #100; see also
Section 2.4.4.1). Apart from the biological waste water treatment, sludge digestion may also
require the addition of nutrients.

Overview of WWTP performance on TP

Out of a total of 95 directly discharging WWTPs, TP concentration values in the effluent were
reported for 60 WWTPs (or 63 %), and for 31 (or 52 %) of the latter, TP values in the influent
were also reported (Figure 2.32 and Figure 2.33). Often 24-hour composite samples were taken
on a daily basis.
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NB: Data labels indicate the plant code (see Table 7.1 in Section 7.2, Annex II) and the type of treatment.
Bio = biological treatment; NI = no information provided; P added = phosphorus added to biological treatment;
PC = physico-chemical treatment only; Precip = chemical phosphorus precipitation.

Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.32: Average TP concentrations (mostly yearly averages) in the influents and effluents of
directly discharging WWTPs (all WWTPs are shown)
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Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.33: Average TP concentrations (mostly yearly averages) in the influents and effluents of
directly discharging WWTPs (only WWTPs with effluent values < 5 mg/l are shown)
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Average TP levels in the effluents are generally < 3 mg/l. Effluent concentrations > 3 mg/l were
reported for the WWTPs #28, #37, #41, #48, #49, #57, #70, #74, #83, and #118. The WWTPs
#28, #37, #48, #57, #70, #74, and #83 also showed high emission levels of TSS (i.e. > 35 mg/l).
High TP concentrations in the influents to the final WWTP (i.e. > 50 mg/l) were reported for
the WWTPs #14 (production of dyes and pigments), #70 (production of pharmaceuticals,
fermentation processes), #74 (production of organophosphorus insecticides), and #95
(production of fertilisers). Many WWTPs using chemical phosphorus precipitation achieve TP
values in the effluent of < 1.5 mg/l, including some WWTPs with high TP levels in the influent
(i.e. #14 (biological treatment)) and #95 (physico-chemical treatment only)). Similarly, WWTPs
that add phosphorus to the biological treatment generally achieve TP values in the effluent of
< 1.5 mg/l.

Abatement efficiencies for loads reported for 21 WWTPs range from -13.3 % to 98.8 %, but
more generally from 46.0 % to 97.7 % (10th to 90th percentile) with a median of 77.7 %. These
values suggest that chemical precipitation of phosphorus is often carried out in addition to
biological phosphorus removal. At WWTP #37 (abatement efficiency -13.3 %), the TP
concentration in the effluent is higher than in the influent due to the addition of TP as a nutrient
to the biological treatment.

Techniques reported to reduce TP emissions
A combination of several of the following techniques is used:

o pretreatment at the installation(s) from which the waste waters originate, e.g.
precipitation;
o treatments at the final WWTP by one of the following techniques:

° biological phosphorus removal (P incorporated into the cell biomass);

° precipitation in biological WWTPs (e.g. with lime, ferric chloride or alum, e.g.
#01, #02, #03, #06, #07, #08, #10, #11, #12, #13, #14, #33, #34, #36, #51, #57,
#70, #74, #76), before, during or after the biological treatment;

° precipitation in physico-chemical WWTPs (e.g. #95).

Chemical precipitation for phosphorus removal increases the volume of sludge produced (on
average by 26 %, [ 86, Sedlak 1991 ]) and often results in a sludge with poor settling and
dewatering characteristics. Also, precipitation with metal salts can depress the pH. If
nitrification is required, additional alkalinity will be consumed and the pH will drop further.
With biological phosphorus removal, the need for chemical addition is reduced or eliminated.
Other benefits of biological phosphorus removal are: reduced sludge production, improved
sludge settleability and dewatering characteristics, reduced oxygen requirements, and reduced
process alkalinity requirements.

Fluctuations of emissions around the average (in concentration)
Maximum TP values reported for 49 WWTPs vary around the average by a factor of 1.1-74.6,
but more generally by a factor of 1.5-4.8 (10th to 90th percentile).

Limits of detection (LOD) and quantification (LOQ)

Several standards for the determination of TP exist: EN ISO 6878 (2004) specifies methods for
the determination of different types of phosphates including TP after digestion. The methods are
applicable to all kinds of water. Phosphorus concentrations within the range of 0.005-0.8 mg/1
may be determined. A solvent extraction procedure allows smaller phosphorus concentrations to
be determined with a limit of detection of about 0.5 pg/l. EN ISO 15681-1 and -2 (2003)
specify flow methods (FIA/CFA) for the determination of TP for the mass concentration range
from 0.1 mg/l to 10 mg/l. Another possibility is to use ICP-OES with an approximate LOQ of
0.009 mg/1 (EN ISO 11885).
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Parameters that affect performance

Phosphorus emissions are very sensitive to the C/N/P ratio. In many cases, TP emissions not
only reflect emissions from production but also dosing to biotreatment. In some periods, the
dosing level has to be raised to ensure a stable bacterial growth.

The precipitation of phosphates is dependent on, for example, type and concentration of
flocculants, pH value, mixing regime, and residence time.

At some WWTPs, chemical phosphorus precipitation alternates with phosphorus dosing,
depending on the influent composition (e.g. #13, #51).

The key to enhanced biological phosphorus removal is the exposure of the microorganisms to
alternating anaerobic and aerobic conditions [ 1, Metcalf and Eddy 1991 ]. Care has to be taken
that phosphorus released during sludge treatment (e.g. during sludge digestion due to cell
hydrolysis) does not re-enter into the waste water treatment.

Relationship between performance and techniques used as reported in the questionnaires

The performance of biological phosphorus removal and the precipitation of phosphates depends
on a number of plant operating conditions as described above. Most of these operating
conditions were not asked for in the questionnaires. Therefore, it is difficult to establish
relationships with the reported performance levels.

2.4.6 Phenols

Persistent hydrocarbons and persistent and bioaccumulable organic substances (some phenols
present such characteristics) are included in the indicative list of polluting substances in Annex
IT to the IED (2010/75/EU) to be taken into account for setting emission limit values [ 5,
Directive 2010/75/EU 2010 ].

Phenol itself can be quite toxic to bacteria in concentrated solutions. However, literature reports
that phenol can serve as food for aerobic bacteria without serious toxic effects at levels as high
as 500 mg/l.

A phenol threshold concentration of 200 mg/l was reported to have an inhibitory effect on the
activated sludge process [ 1, Metcalf and Eddy 1991 ].

Overview of WWTP performance on phenols

Data on the concentration of phenols were only gathered during the first survey, but not during
the second. Out of a total of 52 directly discharging WWTPs participating in the first survey,
concentration values for phenols in the effluent were reported for 11 WWTPs (or 21 %), and for
3 (or 27 %) of the latter, concentration values for phenols in the influent were also reported. One
effluent value was given as below a certain concentration (Figure 2.34). Many averaging
periods reported were yearly.
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Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.34: Average concentrations of phenols in the influents and effluents of directly
discharging WWTPs

The reported concentrations of phenols were determined by various methods and are therefore
not comparable.

At two WWTPs, concentrations of phenols in the effluent are above 100 pg/l and even above
1000 pg/l at one of them (i.e. #28).

High concentrations of phenols in the influent correspond to final WWTPs treating waste waters
from installations where phenolic compounds are used/produced (e.g. #47, #61).

Abatement efficiencies reported for five WWTPs are in the range of 90-99.9 %. Four WWTPs
reported abatement efficiencies > 99 %.

Techniques reported to reduce emissions of phenols
A combination of several of the following techniques were reported to be used:

o pretreatment at the installation(s) from which the waste waters originate, e.g.:

° extraction (e.g. #57, #61),
° adsorption with activated carbon (e.g. #50);

° treatments at the WWTP:

° biological treatment using the CMAS process (e.g. #28, #47, #50, #57, #60, #61,
#64).

Fluctuations of emissions around the average (in concentration)
Maximum values of phenols reported for six WWTPs vary around the average by a factor of
1.5-16.7.
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Limits of detection (LOD) and quantification (LOQ)

In Flanders (Belgium), phenol is considered not quantifiable below 0.2 ug/l. Several
international standards for determining phenols exist. The phenol index can be measured by ISO
6439 (1990) which gives procedures for drinking waters, surface waters, brines (saline waters),
domestic waters and industrial waters. After a preliminary distillation, the test samples are
analysed according to specific application by the direct colorimetric method
(4-aminoantipyrine) and by the chloroform extraction method. Another possibility is to use flow
analysis (flow injection analysis — FIA — and continuous flow analysis — CFA) according to EN
ISO 14402 (1999). The phenol index is an operationally defined parameter. Therefore the
results largely depend on the procedure applied.

Specific phenols can be determined by:

oISO 81651-1 (1992) and ISO 8165-2 (1999): selected monovalent phenols;
oEN ISO 17495 (2003): nitrophenols;

oEN ISO 18857-1 (2006): alkylphenols;

oISO 18857-2 (2009): alkylphenols, their ethoxylates and bisphenol A;
o[SO 24293 (2009): isomers of nonylphenol;

oEN 12673 (1998): chlorophenols.

Results from the different analytical methods are difficult to compare. Regarding the phenol
index, the recovery of distinct phenols varies considerably. In addition, different national
standards for measuring the phenol index are in use, e.g. DIN 38409—-16, NF T 90-204, APAT
IRSA 5070 A1/A2.

Parameters that affect performance
The removal of phenols in activated sludge processes is reported to be sensitive to temperature;
a better performance is achieved in cold rather than warm weather.

Relationship between performance and techniques used as reported in the questionnaires

The conventional treatment methods adopted for the removal of phenols depend require
respecting its toxic limits and adequate acclimatisation of the biomass. The trickling filter and
the activated sludge process are generally in use for the treatment of phenolic waste water. The
removal of phenols is effective only up to a certain level. Some discharged effluent standards
are set at 0.1 mg/l. Thus, the conventional methods may not be sufficient to bring down the
phenol concentration to such a low level in the treated effluent.

2.4.°7 Chloride

Chloride is not included in the indicative list of polluting substances in Annex II to the IED
(2010/75/EU) to be taken into account for setting emission limit values [5, Directive
2010/75/EU 2010 ].

Chloride occurs in all natural waters in widely varying concentrations (very high in seas and
oceans, on average 19 g/l). Freshwater organisms can be harmed by excessive chloride
concentrations, e.g. EC;, (48 h) and ECs, (48 h) values of 3.9 g/l and 12 g/l, respectively, were
reported for the standardised fish egg test with danio rerio.

The literature reports that chloride concentrations > 1 g/l have a negative effect on the biological
removal of phosphorus in WWTPs and that chloride concentrations > 10 g/l have negative
effects on the nitrification in WWTPs.

Overview of WWTP performance on chloride

Data on chloride were only gathered during the first survey, but not during the second. Out of a
total of 52 directly discharging WWTPs participating in the first survey, chloride concentration
values in the effluent were reported for 22 WWTPs (or 42 %), and for 9 (or 41 %) of the latter,
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chloride values in the influent were also reported. One effluent value was given as below a
certain concentration (Figure 2.35). Many averaging periods reported were yearly.
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Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.35: Average chloride concentrations in the influents and effluents of directly discharging
WWTPs

Average chloride levels in the effluents are generally < 5 g/l. Abatement efficiencies reported
are generally low, below 30 %. Therefore, the WWTPs usually have no impact on chloride
abatement.

Techniques reported to reduce chloride emissions
Waste waters loaded with chloride can be treated by nanofiltration or reverse osmosis, but this
technique is not used by any of the directly discharging WWTPs.

Fluctuations of emissions around the average (in concentration)
Maximum chloride values reported for 15 WWTPs vary around the average by a factor of 1.2—
3.0, but more generally by a factor of 1.2-2.2 (10th to 90th percentile).

Limits of detection (LOD) and quantification (LOQ)

In Flanders (Belgium), chloride is considered not quantifiable below 25 mg/l. Several
international standards for measuring chloride exist. ISO 9297 (1989) uses titration with silver
nitrate and chromate indicator (Mohr's method) and is applicable to concentrations between
5mg/l and 150 mg/l. Due to many interferences, the method is not applicable to heavily
polluted waters of low chloride content. EN ISO 10304—1 (2007) uses ion chromatography for
the determination of chloride with a lower application limit of 0.1 mg/1.

Parameters that affect performance
Not relevant since the final WWTP is not generally used to reduce chloride.
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Relationship between performance and techniques used as reported in the questionnaires
Chloride is basically not removed by biological and most physico-chemical treatments in the
WWTPs. On the contrary, chloride is often added to the waste waters, either during
neutralisation/acidification using hydrochloric acid or during flocculation using aluminium or
iron chloride.

Biological WWTPs (carbon removal) work even at very high salt concentrations (<5 %).
However, high salt concentrations may hinder nitrification. Chloride is usually only considered
in regard to the impact on the performance of the WWTP, e.g. sedimentation, velocity of
bacterial growth, or the interference on analytics, e.g. AOX measurements and biotests.

2.4.8 Sulphate

Sulphate is not included in the indicative list of polluting substances in Annex II to the IED
(2010/75/EU) to be taken into account for setting emission limit values [5, Directive
2010/75/EU 2010 ].

The sulphate ion is one of the major anions occurring in natural waters. It is of importance
because of its cathartic effect on humans when it is present in excessive amounts. It is important
to control sulphate in the influent of waste water treatment plants because of the potential to
create odour (formation of hydrogen sulphide) and corrosion problems in sewers (by oxidation
of hydrogen sulphide to sulphuric acid). Freshwater organisms can be harmed by excessive
sulphate concentrations.

Overview of WWTP performance on sulphate

Data on sulphate were only gathered during the first survey, but not during the second. Out of a
total of 52 directly discharging WWTPs participating in the first survey, sulphate concentration
values in the effluent were reported for 18 WWTPs (or 35 %), and for 6 (or 33 %) of the latter,
sulphate values in the influent were also reported. One effluent value was given as below a
certain concentration (Figure 2.36). Many averaging periods reported were yearly.
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NB: Data labels indicate the plant code (see Table 7.1 in Section 7.2, Annex II) and the type of treatment.
Bio = biological treatment; PC = physico-chemical treatment only.

Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.36: Average sulphate concentrations in the influents and effluents of directly discharging
WWTPs
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Average sulphate levels in the effluents are generally <2 g/l. Abatement efficiencies reported
are generally low and below 43 %. Therefore, the WWTPs usually have no impact on sulphate
abatement.

Techniques reported to reduce sulphate emissions
Waste waters loaded with sulphate can be treated by nanofiltration and reverse osmosis, but this
technique is not used by any of the directly discharging WWTPs.

Fluctuations of emissions around the average (in concentration)
Maximum sulphate values reported for 12 WWTPs vary around the average by a factor of 1.2—
2.6, but more generally by a factor of 1.2-2.3 (10th to 90th percentile).

Limits of detection (LOD) and quantification (LOQ)

In Flanders (Belgium), sulphate is considered not quantifiable below 25 mg/l. Several
international standards for measuring sulphate exist. EN ISO 10304-1 (2007) uses ion
chromatography for the determination of sulphate with a lower application limit of 0.1 mg/I.
ISO 22743 (2006) specifies a continuous flow analysis (CFA) method for the determination of
sulphate in various types of water including waste water. The method is applicable to samples
with a mass concentration of 30 mg/l to 300 mg/l. Other concentration ranges are applicable,
provided they cover exactly one decade of concentration units (e.g. 100 mg/1 to 1 000 mg/1).

Parameters that affect performance
Not relevant since the final WWTP is not generally used to reduce sulphate.

Relationship between performance and techniques used as reported in the questionnaires
Sulphate is generally not removed by biological and most physico-chemical treatments in the
WWTPs, with the exception of the addition of calcium hydroxide or lime which may lead to the
precipitation of calcium sulphate. On the contrary, sulphate is often added to the waste waters
either during neutralisation/acidification using sulphuric acid or during flocculation using
aluminium or iron sulphate.

2.4.9 Cyanides (free)

Cyanides are included in the indicative list of polluting substances in Annex II to the IED
(2010/75/EU) to be taken into account for setting emission limit values [5, Directive
2010/75/EU 2010 ].

Cyanides can be present in water in dissolved or particulate form. They can be found as cyanide
ions (CN"), hydrogen cyanide (HCN), complex bound cyanides, organically bound cyanides,
e.g. nitriles and cyanohydrins, and other inorganic forms, e.g. cyanogen chloride (chlorocyan,
NCCl), cyanogen bromide (NCBr) and trimethylsilyl cyanide ((CH;3);SiCN). Free cyanide is
commonly designated as CN', although it is actually defined as the total of CN" and HCN.

Many cyanide-containing compounds are highly toxic, but some are not. For example, organic
cyanides and hexacyanoferrates (ferrocyanide and ferricyanide, where the cyanide is already
tightly bound to an iron ion) have low toxicities. The most dangerous cyanides are inorganic
cyanides such as hydrogen cyanide and salts derived from it, such as potassium cyanide (KCN)
and sodium cyanide (NaCN), among others. Also, some compounds readily release HCN or the
cyanide ion (CN), such as trimethylsilyl cyanide upon contact with water and cyanoacrylates
upon pyrolysis. The primary concern regarding aqueous cyanide is that it could volatilise,
especially when the pH is below 8.

The cyanide ion (CN') has a relatively short half-life because it can serve as a source of energy
for aerobic bacteria, provided the concentration is kept below its toxic threshold to the aerobic
bacteria. In the US, a drinking water standard sets a limit of 0.2 mg/l to protect against
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industries with direct discharges to natural waters. To put this into context, EU drinking water
standards set a limit of 0.05 mg/1 (for total cyanide).

Overview of WWTP performance on free cyanides

Data on free cyanides were only gathered during the first survey, but not during the second. Of a
total of 52 directly discharging WWTPs participating in the first survey, free cyanide
concentration values in the effluent were reported for seven WWTPs (or 13 %), and for one (or
14 %) of the latter, free cyanide values in the influent were also reported. One effluent value
was given as below a certain concentration (Figure 2.37). Some averaging periods reported were
yearly averages.
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Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.37: Average free cyanide concentrations in the influents and effluents of directly
discharging WWTPs

Average levels of free cyanide in the effluents are generally < 0.2 mg/I1.
Abatement efficiencies could not be indicated due to the lack of influent data.

Techniques reported to reduce cyanide emissions

At an adequately low level, cyanides are biodegradable in an adapted WWTP (see [ 105, COM
2006 ]). The rate of biodegradation depends on the activity and adaptation of the WWTP. When
influent concentrations are high (in the range of 4-5 mg/l), there is a risk of toxicity for the
bacteria of the biological treatment.

The following pretreatment techniques were reported:

conversion to glyconitrile with formaldehyde and sodium hydroxide (e.g. #02, #28);
oxidation with hydrogen peroxide (e.g. #35);

complexation with iron and oxidation with ozone (e.g. #61);

oxidation with hypochlorite (e.g. #57, #63);

oxidation under alkaline conditions (e.g. #69).
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Fluctuations of emissions around the average (in concentration)
Maximum values of free cyanide reported for four WWTPs vary around the average by a factor
of 2.1-6.3.

Limits of detection (LOD) and quantification (LOQ)

Cyanides are usually measured as a sum parameter. Depending on the analytical method used,
more or fewer cyanide species are included. Easily released cyanide is usually understood as the
sum of all cyanide compounds which release hydrogen cyanide at a pH value of 4, which
includes alkaline and alkaline earth cyanides, as well as the cyanide bound in weak metal
cyanide complexes (e.g. Zn(CN)s>). Total cyanide usually includes all inorganic forms of
cyanides including complex bound cyanides and also cyanohydrins. Nitriles, cyanates (OCN"),
thiocyanates (SCN"), and cyanogen chloride are not included.

In Flanders (Belgium), free cyanides are considered not quantifiable below 0.01 mg/l. Several
international standards for measuring cyanides exist: ISO 6703—1 (1984) describes the
determination of total cyanide, ISO 6703-2 (1984) the determination of easily released cyanide,
and ISO 6703-3 (1984) the determination of cyanogen chloride. ISO 67032 consists of three
methods with different application ranges: the photometric method with pyridine/barbituric
acid: 0.002 mg/l to 0.025 mg/l; the titrimetric method using the Tyndall effect: > 0.005 mg/l;
and the titrimetric method using an indicator: > 0.05 mg/l. EN ISO 14403-1 and -2 (2012)
describe a method for the determination of total cyanide and free cyanide by flow analysis. The
methods are based on digestion with UV radiation in the case of total cyanide and
spectrophotometric detection. The methods are applicable to various types of water in the range
0f 0.002-0.5 mg/1.

Parameters that affect performance
Not relevant since the final WWTP is not generally used to reduce cyanides.

Relationship between performance and techniques used as reported in the questionnaires

As reported in [ 105, COM 2006 ], due to their toxicity, cyanides are removed from rich and
lean waste water streams, e.g. by pH adjustment and oxidative destruction with H,0,.
Depending on the individual case, it may also be possible to enable safe degradation of cyanides
in a biological WWTP. The use of NaOCI for pretreatment has the potential for the formation of
AOX. Reconditioning of different cyanide-loaded streams can enable reuse and the substitution
of raw materials. Cyanides occurring in waste water streams together with high COD loads can
be pretreated oxidatively by techniques such as wet oxidation with O, under alkaline conditions.
In such cases, cyanide levels of < 1 mg/l are achievable in the treated waste water stream.

2.4.10 Toxicity
2.4.10.1 General

A relatively small amount of toxicity data was submitted during the first survey. The data
submitted mainly concern German installations with limited data corresponding to French (i.e.
#41 and #57) and Italian installations (i.e. #69).

Fish/fish egg tests, daphnia tests, algae tests and luminescent bacteria tests are all common test
methods for the toxicity assessment of complex waste water streams. They are often used to
obtain additional information that can be gained from sum parameter measurements (COD,
TOC, BOD, AOX, etc.). With toxicity tests it is possible to assess the possible hazardous
character of waste water in an integrated manner and to assess all synergistic effects which may
occur because of the presence of a lot of different individual pollutants. Apart from the
possibility of using the toxicity tests to estimate potential hazardous effects on the
ecosystem/surface water, these tests can help to protect or to optimise biological waste water
treatment plants (see [ 101, COM 2016 ]).
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Several international standards for the measurement of toxicity in waste waters exist, e.g. EN
ISO 6341 (1996) for daphnia magna, EN ISO 8692 (2004) for algae, EN ISO 113481-1 to -3
(2008) for luminescent bacteria, EN ISO 20079 (2006) for duckweed, and EN ISO 15088
(2008) for zebrafish eggs (see Section 3.2.2.2).

Toxicity tests require expertise that may not be available in all plants/regions yet and they are
not amenable to be carried out very frequently.

Techniques reported to reduce toxicity

There are no specific techniques to reduce toxicity in waste waters. All treatment steps, as
summarised in the sections above, which lead to the reduction of the concentration of toxic
organic and inorganic compounds (e.g. metals, ammonia, cyanides, phenols, and toxic parts of
COD/TOC) are applicable.

2.4.10.2 Fish or fish egg toxicity

Overview of WWTP performance on fish or fish egg toxicity

Data on toxicity were only gathered during the first survey, but not during the second. Out of a
total of 52 directly discharging WWTPs participating in the first survey, fish or fish egg toxicity
values in the effluent were reported for 18 WWTPs (or 35 %) (Figure 2.38). Averaging periods
are generally not indicated. Average values are based on a number of measurements spanning
from 5 to 21.
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Figure 2.38: Fish or fish egg dilution factors in the effluents of directly discharging WWTPs
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2.4.10.3 Daphnia toxicity

Overview of WWTP performance on daphnia toxicity

Data on toxicity were only gathered during the first survey, but not during the second. Out of a
total of 52 directly discharging WWTPs participating in the first survey, toxicity values in the
effluent were reported for 17 WWTPs (or 33 %) (Figure 2.39). Averaging periods are generally
not indicated (yearly averages are indicated for two sites). Average values are based on a
number of measurements spanning from 5 to 20.
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NB: Data labels indicate the plant code (see Table 7.1 in Section 7.2, Annex II) and the type of treatment.
Bio = biological treatment; PC = physico-chemical treatment only.

Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.39: Daphnia dilution factors in the effluents of directly discharging WWTPs

2.4.104 Algae toxicity

Overview of WWTP performance on algae toxicity

Data on toxicity were only gathered during the first survey, but not during the second. Out of a
total of 52 directly discharging WWTPs participating in the first survey, algae toxicity values in
the effluent were reported for 16 WWTPs (or 31 %) (Figure 2.40). Averaging periods are
generally not indicated (yearly averages are indicated for one site). The number of
measurements span from 5 to 22.
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Figure 2.40: Algae dilution factors in the effluents of directly discharging WWTPs

2.4.10.5 Luminescent bacteria toxicity

Overview of WWTP performance on luminescent bacteria toxicity

Data on toxicity were only gathered during the first survey, but not during the second. Out of a
total of 52 directly discharging WWTPs participating in the first survey, luminescent bacteria
toxicity values in the effluent were reported for 18 WWTPs (or 35 %) (Figure 2.41). For
installation #41, toxicity values were reported in Equitox/m’ stemming from a commercial test.
Conversion to dilution factors is not straightforward. Averaging periods are generally not
indicated (yearly averages are indicated for two sites). Average values are based on a number of
measurements spanning from 5 to 20.
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Source: [ 246, EIPPCB 2014 ] based on data from [ 222, CWW TWG 2013 ]

Figure 2.41: Luminescent bacteria dilution factors in the effluents of directly discharging WWTPs
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3 TECHNIQUES TO CONSIDER IN THE DETERMINATION OF
BAT

This chapter describes techniques (or combinations thereof), and associated monitoring,
considered to have the potential for achieving a high level of environmental protection in the
activities within the scope of this document. The techniques described include both the
technology used and the way in which the installations are designed, built, maintained, operated
and decommissioned.

The main focus of this chapter is on environmental management systems and end-of-pipe
treatment techniques for waste water and waste gas. Other issues that are covered include
monitoring of emissions, water usage and waste water generation, waste management, and
sludge treatment. The techniques described also cover measures used to prevent or to limit the
environmental consequences of accidents and incidents. They also cover measures taken to
prevent or reduce emissions under other than normal operating conditions (such as start-up and
shutdown operations, leaks, malfunctions, momentary stoppages and the definitive cessation of
operations).

Annex III to the Directive lists a number of criteria for determining BAT, and the information
within this chapter addresses these considerations. The standard structure in Table 3.1 is used to
outline the information on each technique, to enable a comparison of techniques and the
assessment against the definition of BAT in the Directive.

This chapter does not necessarily provide an exhaustive list of techniques which could be

applied in the sector. Other techniques may exist, or may be developed, which could be
considered in the determination of BAT for an individual installation.

Table 3.1:  Information for each technique

Headings within the sections

Description

Achieved environmental benefits
Cross-media effects

Operational data

Applicability

Economics

Driving force for
implementation

Example plants

Reference literature
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3.1 Environmental management

3.1.1 Overview

Section 3.1 adds detail to the general descriptions in Chapter 1 and mostly describes the aspects
of waste water and waste gas management in the context of the IED (2010/75/EU). It
emphasises the significance of management in achieving a high level of protection of the
environment as a whole when operating a chemical plant or site. Where possible, the joint
approach to aqueous and gaseous emissions is maintained; references to the medium are only
made when media-specific strategies or tools are involved.

This section describes environmental management as the interplay between management
systems and management tools and is not restricted to waste water and waste gas issues, but to
the involvement with the IED (2010/75/EU) requirements. Otherwise, it would not meet the
objective of an integrated approach.

The implementation of an environmental management system at a given site depends on the
environmental impact of the activities carried out there, and has to take into account the specific
environmental situation at and around the site. This chapter presents the general outline and the
relevant tools to implement an environmental management system valid for chemical sites.

3.1.2 Environmental management systems (EMS)

Description

The Directive defines 'techniques' (under the definition of 'best available techniques') as 'both
the technology used and the way in which the installation is designed, built, maintained,
operated and decommissioned'.

In this respect, an environmental management system (EMS) is a technique allowing operators
of installations to address environmental issues in a systematic and demonstrable way. EMSs
are most effective and efficient where they form an inherent part of the overall management and
operation of an installation.

An EMS focuses the attention of the operator on the environmental performance of the
installation; in particular through the application of clear operating procedures for both normal
and other than normal operating conditions, and by setting out the associated lines of
responsibility.

All effective EMSs incorporate the concept of continuous improvement, meaning that
environmental management is an ongoing process, not a project which eventually comes to an
end. There are various process designs, but most EMSs are based on the plan-do-check-act cycle
(which is widely used in other company management contexts). The cycle is a iterative dynamic
model, where the completion of one cycle flows into the beginning of the next (see Figure 3.1).
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EMS model
Policy
Management Planning
Review
Checking Implementation
Corrective
action

Figure 3.1: Continuous improvement in an EMS model

An EMS can take the form of a standardised or non-standardised (‘customised') system.
Implementation and adherence to an internationally accepted standardised system, such as EN
ISO 14001:2015, can give higher credibility to the EMS especially when subjected to a properly
performed external verification. EMAS provides additional credibility due to the interaction
with the public through the environmental statement and the mechanism to ensure compliance
with the applicable environmental legislation. However, non-standardised systems can, in
principle, be equally effective provided that they are properly designed and implemented.

While both standardised systems (EN ISO 14001:2015 or EMAS) and non-standardised systems
apply in principle to organisations, this document takes a narrower approach, not including all
activities of an organisation, e.g. with regard to their products and services, due to the fact that
the Directive only regulates installations/plants.

An EMS can contain the following components:

I.commitment of the management, including senior management;

II.an environmental policy that includes the continuous improvement of the installation by the
management;

IIl.planning and establishing the necessary procedures, objectives and targets, in conjunction
with financial planning and investment;

IV.implementation of procedures paying particular attention to:

a)structure and responsibility,

b)recruitment, training, awareness and competence,
c)communication,

d)employee involvement,

e)documentation,

feffective process control,

g)maintenance programmes,

h)emergency preparedness and response,

i)safeguarding compliance with environmental legislation;

V. checking performance and taking corrective action paying particular attention to:

a)monitoring and measurement (see also the Reference Report on Monitoring of
Emissions to Air and Water from IED installations) ([ 101, COM 2016 ]),

b)corrective and preventive action,

c)maintenance of records,

d)independent (where practicable) internal and external auditing in order to determine
whether or not the EMS conforms to planned arrangements and has been properly
implemented and maintained;
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Vlreview of the EMS and its continuing suitability, adequacy and effectiveness by senior
management;

Vll.preparation of a regular environmental statement;

Vlll.validation by a certification body or an external EMS verifier;

IX.following the development of cleaner technologies;

X.consideration for the environmental impacts from the eventual decommissioning of the
installation at the stage of designing a new plant, and throughout its operating life;

Xl.application of sectoral benchmarking on a regular basis;

XII.waste management plan (see Section 3.4.1).

Specifically for the chemical industry sector, it is also important to consider the following
potential features of the EMS:

XIII.on multi-operator installations/sites, establishment of a convention that sets out the roles,
responsibilities and coordination of operating procedures of each plant operator in order
to enhance the cooperation between the various operators (see Section 3.1.3);

XIV.establishment of inventories of waste water and waste gas streams (see Section 3.1.5.2.3).

In some cases, the following features are part of the EMS:

XV.odour management plan (see Section 3.5.5.2);
XVLnoise management plan.

Achieved environmental benefits

An EMS promotes and supports the continuous improvement of the environmental performance
of the installation. If the installation already has a good overall environmental performance, an
EMS helps the operator to maintain the high performance level.

Operational data
No information provided.

Cross-media effects
None reported. The systematic analysis of the initial environmental impacts and scope for
improvements in the context of the EMS sets the basis for assessing the best solutions for all
environmental media.

Applicability

The components described above can typically be applied to all installations within the scope of
this document. The scope (e.g. level of detail) and nature of the EMS (e.g. standardised or non-
standardised) will be related to the nature, scale and complexity of the installation, and the range
of environmental impacts it may have.

Economics

It is difficult to determine accurately the costs and economic benefits of introducing and
maintaining a good EMS. There are also economic benefits that are the result of using an EMS
and these vary widely from sector to sector.

External costs relating to verification of the system can be estimated from guidance issued by
the International Accreditation Forum [ 170, IAF 2010 ].
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Driving forces for implementation
The driving forces for the implementation of an EMS include:

o improved environmental performance;

o improved insight into the environmental aspects of the company which can be used to
fulfil the environmental requirements of customers, regulatory authorities, banks,
insurance companies or other stakeholders (e.g. people living or working in the vicinity of
the installation);

o improved basis for decision-making;

o improved motivation of personnel (e.g. managers can have confidence that environmental
impacts are controlled and employees can feel that they are working for an
environmentally responsible company);

. additional opportunities for reduction of operating costs and improvement of product
quality;

o improved company image;

o reduced liability, insurance and non-compliance costs.

Example plants
EMSs are applied in many chemical installations throughout the EU.

Reference literature
[ 101, COM 2016 ][ 170, IAF 20107 172, CEN 2015 1[ 173, Reg. 1221/2009 ]

3.1.3 Conventions

Description

A 'convention' is a contractual document dealing directly or indirectly with environment, health
and safety (EHS) risks, and established between two or more operators/owners of installations
operating on the same industrial site. Contracts between a company and its subcontractors are
not considered here (in Europe, these relationships are covered by occupational health and
safety regulations in terms of risk prevention, e.g. Directive 89/391/EEC on the introduction of
measures to encourage improvements in the safety and health of workers at work [ 84, Directive
89/391/EEC 1989 ).

Conventions generally aim, among other things, at:

o clarifying the role, responsibilities, and coordination of operating procedures of each
operator/owner of an installation on the industrial site and other parties of the convention
regarding shared (or linked) infrastructures, installations, activities and associated
resources (this could also include landowners and entities responsible for past pollution of
the site) in order to enhance the cooperation between the various operators;

o defining the rules of use and the financing of shared infrastructures, installations or
activities;
o identifying and minimising the risks of one operator's activities that could have a negative

impact on another operator's employees or installations and the overall risks at the level
of the whole site (including environmental risks);

o defining common EHS rules applicable at the level of the whole site (e.g. internal
emergency plans to deal with accidents and possible domino effects, waste management,
operation of common waste water/waste gas treatment plants, and the monitoring of
fugitive/diffuse emissions).

A convention is often considered a guarantee for an operator with respect to the continued
operation of shared infrastructures (e.g. pipe networks, sewers, roads, fences, fire protection
systems), facilities (e.g. common waste water/waste gas treatment plant, power plant, industrial
gas supplies, warehouses and chemical storage) and services (e.g. security and training).
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An efficient convention system generally contains the following elements:

. Decision-making bodies (committees) whose responsibilities encompass:
° shared resources (e.g. short/long-term financing, operation and maintenance);
° common EHS rules (e.g. definition, implementation, control and updating).

The weight of each operator in decision-making is not only based on the financial aspects
and payroll; potential hazards and real impacts of the activities (especially on the
environment) are taken into account. The decision-making bodies set their own rules
including procedures for resolving possible disagreements or conflicts and
confidentiality/proprietary issues.

. Use of an 'infrastructure company' with clearly stated roles and authority regarding the
global interest of the site to:

° operate and maintain shared resources (e.g. pipe networks, roads, sewers, power
supplies);
° provide common services to the other operators (e.g. site access authorisations,

general training of subcontractors before they enter the site, traffic rules, and whole
site emergency procedures);
° coordinate activities of operators for EHS activities relative to the whole site.

. Checking processes (e.g. audits) to assess how operators comply with the terms of the
convention. This includes how to deal with non-conformities. Checks or audits can be
carried out by the 'infrastructure company' as well as by companies completely external to
the industrial site.

When the convention deals with the operation of a common waste water or waste gas treatment
plant, the convention can, in particular, define the spectrum of waste waters or waste gases that
the common treatment plant is able to treat under normal operating conditions (e.g. for a
WWTP, the load of pollutants in kg/d as a monthly average, maximum load of pollutants in kg/d
over five consecutive days, see Section 3.1.5.2.3).

Achieved environmental benefits

Enhanced cooperation between the various operators of a large industrial site on EHS issues is
expected to bring about environmental benefits such as reduced raw material and energy
consumption, lower emissions to air and water, enhanced capability and efficiency to respond to
emergency situations and the prevention or minimisation of environmental damage.

Cross-media effects
None.

Operational data
Conventions concentrate on the definitions and rules of the exercise of individual and collective
responsibilities.

The term 'convention' refers to operational documents rather than including them.

Conventions state that rules are linked to installations and not to operators (a new operator who
purchases an existing installation on the site has to sign the convention).

Conventions define rules as to how they should be updated. Updating of conventions can be
made for example every five years.

Applicability
Conventions are applicable at industrial sites where more than one operator is carrying out
production activities if there are risks at the interface level of their activities.
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Economics

Conventions have several positive economic aspects that derive from, for example, the efficient
management (including the protection from damage) of shared infrastructures/installations (e.g.
central WWTP), and the faster and more efficient response to events impacting the site, thus
limiting financial risks.

Driving force for implementation
On the side of the individual operator, establishing a convention is considered to increase the
efficiency of operation by doing the following:

o clearly defining the responsibilities of each operator;
o having guarantees concerning the long-term management of efficiently shared resources;
o sharing practices, vocabulary and a culture of risk with other operators.

Competent authorities can encourage the establishment of conventions as a way to clarify the
responsibilities of the different companies in large chemical sites with respect to the overall
management of a site and to grasp the positive aspects with regard to the protection of the
environment.

Example plants

. Les Roches chemical site, Roussillon, France.

. Lavéra petrochemical site, Lavéra, France.

. Villers Saint-Paul chemical platform, Villers Saint-Paul, France [ 149, ATOFINA et al.
2003 ].

Reference literature
[ 84, Directive 89/391/EEC 1989 1 [ 120, Gaucher and Dolladille 2008 ][ 149. ATOFINA et al.

2003 ]

3.1.4 Waste water management

Description

Many chemical sites operate a central WWTP as final treatment step. In most cases, such final
treatment is based on biological treatment, but sometimes only physico-chemical treatment is
used.

Operating procedures

The operation of a central WWTP is governed by operating procedures linked to the
procedures/EMS (see Section 3.1.2) of the individual plants/units from which the waste waters
originate. These procedures describe in particular the necessary interactions between the
operators of the individual installations producing the waste waters and the central WWTP
operators. When operators of the individual installations and operators of the central WWTP
pertain to different companies, conventions are set up (see Section 3.1.3). Adequate
communication between the production plants and the central WWTP must be ensured (e.g.
radio, mobile phone, PC network) for normal operations and incidental or emergency situations.

All plants/units or even areas of the chemical site have local emergency procedures for ensuring
that leaks of harmful substances are appropriately dealt with; this generally involves containing
the release in sumps or intermediate bulk containers (IBC) and notifying the environmental
section so that they can assess these waste water streams for disposal on or off site.

Managing fluctuations

The operators of a central WWTP have to manage the fluctuations of the influent to the central
WWTP to cope with the seasonal variations (summer/winter), start-up and shutdown
procedures, Cleaning-In-Place (CIP), continuous and/or batch operations, seasonal campaign
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productions (e.g. fine chemicals) and other conditions that can affect the composition of the
influent (see also Section 3.3.2.1).

When the production of chemicals is organised in campaigns (e.g. in the production of fine
organic or inorganic chemicals), procedures are in place to evaluate the impact of the production
changes on the waste water streams sent to the sewer to optimise the use of the central WWTP
and to minimise the impact on the environment. Process water effluents are analysed routinely
from  campaigns to check for similarity. Changes to the  monitoring
strategy/procedures/equipment may be needed if the production (e.g. process, equipment,
product) is modified (see also Section 3.1.5.3.2).

As a result of all the possible operational issues that might affect the quality and/or the quantity
of the influent waste water to the central WWTP, its operators will observe a wide range of
emissions for many different parameters. In order to optimise the performance of the WWTP
with the changing influent conditions, information is needed on the limitations of the WWTP
design (e.g. hydraulic capacity, type of aeration, aerobic and/or anaerobic treatment steps), the
interference to the biological community/biocoenosis and the local operating conditions.

Knowledge of the individual waste water streams to be treated

Effective waste water management on a large chemical site requires knowledge of the relevant
parameters in the local situation, e.g. mass flows, concentrations of specific single substances or
sum parameters, temperature, pH, as well as flexibility in handling different circumstances and
relations between different waste water streams coming from the production plants/units.
Establishing and maintaining a stream inventory/register (see Section 3.1.5.2.3) allows for
identifying the parameters that can have an influence on the performance of the central WWTP
and to take all the necessary actions in order to ensure its proper functioning.

For each waste water effluent sent to the central WWTP, the operator of the central WWTP and
the operator of the plant/unit from which the effluent originates collaborate to set up waste
water specifications which define, in particular, the range of each relevant parameter for the
effluent (e.g. flow rate, pH, temperature, biodegradability and bioeliminability, solid content,
toxicity to biomass and to the aquatic environment, heavy metals, colour) as well as the nature
and frequency of the monitoring regime for the effluent.

As long as the waste water quality is within specification, it can generally be discharged to the
sewer system without further communication between the operators of the plant/unit and the
operators of the central WWTP. When the water effluent is off-specification and this is
identified, the operators of the plant/unit from which the effluent originates contact the operators
of the central WWTP in order to decide how to handle this new situation. Waste water may be
sent to the sewer without any pretreatment, if the treatment capacity of the central WWTP
allows for it (in terms of the nature and amount of the waste water capable of being treated for
the specific situation). In any other case, waste water is temporarily stored in buffer tanks or
emergency storage basins. The emergency basins can serve as buffers to regulate the input to the
sewer in order to remain within the capacity of the WWTP. In the emergency storage basins,
pretreatment is feasible.

Testing waste waters before decision for treatment

Before new waste water conditions are accepted for it to be discharged to the sewer network of
the site, they need to be examined and/or tested. Tests are carried out under the supervision of
analytical experts from the WWTP and in representative conditions with the original waste
water from the actual central WWTP. The effluent is tested including using biotests, if needed
(e.g. a Zahn-Wellens test can be used). If the new waste water cannot be accepted, pretreatment
may be needed or disposal will be required.

Monitoring of the sewer network of the chemical site

An effective waste water management system necessitates an appropriate waste water
monitoring system on the site. This does not mean to monitor each parameter at each sewer
junction but to effectively define the relevant monitoring points, monitoring parameters and
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monitoring frequencies (e.g. continuous, grab sampling) for an efficient waste water
management.

Some examples of important parameters to be monitored include:

° the mass flow of waste water;

. the temperature of waste water;

. carbon, nitrogen and phosphorus and the relationship between these parameters in the
aeration step of the central biological WWTP;

e pH;

. critical (single) substances from single plants/units;

o sludge activity (temperature, feed concentration, retention time) in biological WWTPs.

Achieved environmental benefits
Optimised performance of the central WWTP, avoidance of poor environmental performance as
a result of fluctuations in the quality and/or quantity of the influent to the central WWTP.

Cross-media effects
None.

Operational data

The treatment process of a central biological WWTP consists of mixed microbial communities
which are able to degrade the pollutants under certain operating conditions. In order not to
deteriorate the performance of the biological treatment process, the operators of the WWTP
have to make sure that the operating requirements are met at all times. In case of disturbances to
the performance of the biological treatment, the operators have to take necessary actions to
manage the specific situation efficiently and in a timely manner. As a minimum requirement,
the C/N/P ratio in the influent has to be ensured under all operating conditions. Therefore, the
operators of the WWTP have to have information on the influent waste waters and on the
operation of pretreatment units inside the chemical plants. In case of the lack of a carbon source
for denitrification and/or the nutrients (N, P), the operators should supply a feed (e.g. side
products, concentrated waste water stream) to compensate for the deficient amount. With
respect to maintaining the C ratio in the central WWTP, different wastes containing a carbon
source can be used, and therefore, the degradability of the waste substances in the biological
treatment determines whether or not it can be used as feed.

In order to ensure a good performance for the biological treatment of the biological WWTP, the
C/N/P ratio, sludge age, structure of sludge flocs, adaptation time to variation of influents, toxic
and/or inhibitory influence should be kept under control.

If a pretreatment unit (e.g. distillation unit) for reducing ammonia nitrogen (NH,4-N) is installed
and operated in a chemical plant/unit in a situation where the central biological WWTP may
need TKN (C/N/P ratio), the operator of the central WWTP may ask to not operate the
pretreatment unit and send the ammonia-rich waste water to the sewer system. In that case, the
central WWTP does not need to use additional nutrients, e.g. urea or HNOs, the operator of the
chemical plant/unit saves energy for the pretreatment of waste water, and no waste is generated.
A high concentration of nitrogen in the single waste water stream can be allowed if the mass
flow is balanced within the whole waste water influent and homogenised in the buffer before
aeration (WWTP #21) [ 222, CWW TWG 2013 ].

Waste water from the blowdown of closed cooling circuits which contain phosphorus may be
discharged to the central biological WWTP for the same reason (C/N/P ratio). The use of an
additional feed, e.g. of H;PO,4, may be avoided and the direct discharge of phosphorus to the
receiving water body is reduced (WWTP #21) [ 222, CWW TWG 2013 ].
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Dealing with non-routine waste water arisings

Non-routine waste water arisings (i.e. side products, failed production runs, etc.) are assessed by
the environmental section for release to the sewer, based on information that includes:

health and safety data (to protect plant personnel, especially those working in the central
WWTP and on the sewer network);

aquatic toxicity data;

biodegradability/bioelimination data of each waste water stream;

odour threshold;

the removal efficiency of the central WWTP.

Waste streams are only released to the sewer when it can be shown that the central waste water
treatment processes of the site can cope with the discharge. If there is any doubt, waste water
streams are sent off site for disposal or to temporary storage for verification before a decision on
treatment is made.

Applicability
Applicable to all chemical sites discharging to a central WWTP.

Economics
No information provided.

Driving force for implementation
Efficient waste water management.

Example plants
WWTP #21 [ 222, CWW TWG 2013 ].

Reference literature
[222. CWW TWG 20131227, CWW TWG 2009 ]

3.1.5

Management tools

3.15.1 Overview

To operate an EMS around the loop of strategic items (see Figure 3.1), several kinds of
(management and engineering) tools are used. These can be roughly categorised as:

inventory management tools, giving detailed information on the location, the production,
the environmental circumstances, the emissions, etc. of the chemical site and thereby
helping to detect emissions that can be prevented or reduced (see Section 3.1.5.2);
operational management tools, helping to decide upon planning, designing, installing,
operating and improving pollution prevention and/or treatment facilities (see
Section 3.1.5.3);

strategic management tools, including the organisation and operation of release handling
on the entire chemical site in an integrated manner (see Section 3.1.5.4);

safety and emergency tools, necessary for troubleshooting in the case of unplanned events
(see Section 3.1.5.5).
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3.1.5.2 Inventory management tools

3.1.5.21 Overview

To operate an industrial site in accordance with a good EMS, it is essential to have detailed and
transparent information on:

the site and its environmental circumstances;

the production processes;

the characteristics of the pollutants of the individual production processes;
the characteristics of the emitted streams;

local factors.

Without this knowledge, it is not possible to develop a coherent, efficient and cost-effective
strategy to prevent or reduce emissions. Though it is often virtually impossible to quantify the
emissions of each contaminant present in each emitted stream, a way to reduce the necessary
parameters (e.g. number of measurements) without relevant loss of information can normally be
found.

3.15.22 Site inventory

Description
A site inventory consists of information on:

o geographical location of the installation/site and production units (map and plot plan);
climate, geography, quality of the soil and groundwater, neighbourhood, and receiving
water;

size of the site (total area, built-up area, drained area, covered area);

number of employees;

production units;

list of production plants including, for each one, data on:

° the classification of production plants according to the IED (2010/75/EU), Annex I,
4. Chemical Industry, Sections 4.1-4.6 [ 5, Directive 2010/75/EU 2010 ],
° typical production plant data;

o information on the production processes, for each process, including:
° a brief description,
° simplified process scheme(s) with sources of waste streams,
° details of the chemical reactions (main and side reactions) and supporting
operations,
° information on operating material, intermediate and final products,
° operating mode (continuous or batch process or campaign operation),
° potential emergency situations (spills, leakages);
o sewer system (sewer, WWTP, rainwater drainage).

Achieved environmental benefits

A site inventory is a tool that is expected to help plant management react more effectively and
more quickly to environmental challenges. A site inventory will help in the determination and
ranking of the significance of the environmental impacts of the site and in the implementation of
an effective EMS to address them (see Section 3.1.2).
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Cross-media effects
There are no cross-media effects associated with a site inventory.

Operational data
No information provided.

Applicability
The technique is applicable to new and existing installations.

Economics
No information provided.

Driving force for implementation
Improving the environmental management system is the main driving force for the
implementation of the technique.

Example plants
No information provided.

Reference literature
[ 5, Directive 2010/75/EU 2010 ]

3.1.5.2.3 Stream inventory/register

Description

The compilation of relevant basic data on the composition and quantity of waste water and
waste gas streams — each one individually — is done in a stream inventory/register (waste water
inventory/register, waste gas inventory/register). The emitted streams are listed respective to
their source, i.e. the production process from which they originate. This is a key element in
assessing their degree of contamination and the nature of the contaminants, as well as the
possibilities of reduction at the source. The sources of waste water are listed in Section 1.4.2;
those for waste gas in Section 1.4.3. Stream inventories/registers form the basis for waste water
segregation and pretreatment strategies (see Sections 3.1.5.3.4.2 and 3.1.5.3.5.2).

When waste waters are further treated in a central WWTP, establishing and maintaining a
stream inventory/register allows for identifying the pollutants/parameters that can have an
influence on the performance of the central WWTP and to take all necessary actions in order to
ensure the proper functioning of the WWTP. In this context, a stream inventory/register is a
technique used in the framework of conventions (see Section 3.1.3).

A stream inventory/register addresses the following aspects, if relevant to the particular local
conditions:

. information about the chemical production process, such as:
° chemical reaction equations including starting compounds, products and side
products;
° simplified process flow sheet of the corresponding production unit, showing

reactor, work-up and product isolation, and showing the exact origin of the various
emission contributions;

° description of process-integrated techniques and waste water/waste gas treatment at
source including their performances;
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. information, as comprehensive as is reasonably possible, about the characteristics of the
streams, such as:

° data on concentrations and loads of relevant pollutants/parameters and their
variability (including monitoring method and frequency);

° stream flow rate and its variability (e.g. pulse dose, continuous flow or batch-wise);

° temperature;

° pH (for waste water);

° conductivity (for waste water);

° flammability (for waste gas);

° explosive limits (lower explosive limit (LEL) and higher explosive limit (HEL));

° reactivity (for waste gas);

° relevant contaminants and/or parameters, such as:

. COD/TOC, NH4-N, NOs;-N and NO,-N, phosphorus, heavy metals,
halogenated hydrocarbons, persistent organic pollutants — when expected —
and toxicity in waste water;

. chlorine, bromine, fluorine, hydrogen chloride, sulphur oxides (SOx),
hydrogen sulphide, mercaptans, carbon monoxide, nitrogen oxides (NOx),
particulate matter, heavy metals and their compounds, volatile organic
compounds (VOCs) in waste gas;

° data on biodegradability (for waste water) such as:
. BOD concentrations;
. results from modified Zahn-Wellens test;
. refractory COD/TOC loads;
. denitrification inhibition potential;

° presence of other substances (for waste gas), which may have an impact on the
treatment system or may be safety issues, such as oxygen, nitrogen, water vapour,
and/or dust.

The purpose of a stream inventory/register is to identify the most relevant emission sources (for
each medium, waste water and waste gas) and to allow a prioritisation of the emission reduction
steps to be taken. Generally speaking, this is a four-step operation including:

listing of the sources;

evaluation of the causes of emissions from each source;

quantification of the amount of emission from each source;

validation of the results through mass balance(s), the extent of which would depend on
several factors (e.g. type of pollutant, frequency of emissions).

An appropriate ranking of the distinctive tributary streams (i.e. individually for waste water and
waste gas), corresponding to the characteristics and load of contaminants is a decisive part of
the inventory/register and an attractive basis for identification of further release reduction
potential, the respective streams at the top of each ranking list being prime candidates for more
effective emission reduction.

On chemical sites, measures for the reduction of emissions are best realised for those chemical
processes where an optimum ratio of environmental benefit to cost is achievable. For existing
installations, non-optimum elimination rates for minor emitted streams not carrying a significant
load might be tolerated, when efforts are instead concentrated on streams containing significant
loads, thereby reducing overall emissions and environmental impact.

Achieved environmental benefits

Achieved environmental benefits include the reduction of emissions to water and/or air.
Identification of relevant waste water/waste gas streams is a prerequisite for an efficient waste
water/waste gas management and for the reduction of emissions by technical and management
measures.
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Cross-media effects
There are no cross-media effects associated with this technique.

Operational data

At a large chemical site in Germany (about 30 different companies and 100 production plants),
the waste water register includes an assessment of all relevant point sources at the different
process steps. In this example site, since the organic content at the outlet of the final treatment is
relatively low (COD <75 mg/l) and the waste water effluent does not pose toxicity problems,
the waste water register is less detailed and contains 1-15 waste water streams per production
unit, depending on the diversity of the waste water arisings. The authorities receive updated data
every three years or when major changes are implemented [ 134, LANUV NRW 2008 ].

The waste water register includes an assessment of the waste water volume and pollutant
concentrations/loads at the different sources. It includes average data for the respective year on
waste water volume and load and concentrations of TOC, AOX, as well as the most common
heavy metals (i.e. Hg, Cd, Cu, Ni, Pb, Cr, Sn, Zn) and main compounds known to be present in
the waste water (e.g. BTEX, organic products, salts, nitrogen compounds as total nitrogen)
coming from the different sources. An additional issue is priority pollutants. Findings of the
example plant are discussed in [ 134, LANUV NRW 2008 ].

The register also includes the results of a systematic assessment on the feasibility of potential
production-integrated measures to avoid waste water and/or to reduce loads (see Section 3.3).

An example of the basic data on the composition and quantity of waste waters from a multi-
purpose plant can be found in the OFC BREF [ 105, COM 2006 ].

Applicability
The technique is generally applicable.

Economics
No information provided.

Driving force for implementation

Inventories/registers may be used to assess the implementation of BAT and may constitute basic
information for authorities in order to set emission limit values for the total loads on the basis of
balancing models [ 134, LANUV NRW 2008 ].

Example plants
Marl chemical park, North Rhine-Westphalia, Germany [ 134, LANUV NRW 2008 ].

Reference literature
[ 105, COM 2006 ][ 134, LANUV NRW 2008 ]

3.15.24 Mass balances

Description

Mass balances are one basis for understanding the processes on a site and the development of
improvement strategies. For a complete mass balance, the inputs must equal the outputs.
Table 3.2 shows the typical elements of a mass balance. Not every output path is relevant in
every case (e.g. heavy metals cannot be destroyed).
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Table 3.2: Typical elements of a mass balance

Input Output
- Deposit in stock
- Withdrawal from stock ) Consumptlon
- Destruction
- Purchases - Recycling/reuse to other processes
- Production yehng p

- Losses to air
- Losses to water
- Disposal

- Recycling/reuse from other processes

A solvent management plan according to Part 7 of Annex VIII to the IED (2010/75/EU)
constitutes an example of a mass balance [ 5, Directive 2010/75/EU 2010 ].

Achieved environmental benefits
Mass balances are essential for understanding on-site processes and the development of
improvement strategies.

Cross-media effects
There are no cross-media effects.

Operational data
An example of a water balance for the production of fertilisers is given in the LVIC-AAF BREF
[ 102, COM 2007 ].

Mercury balances are a frequently used tool in mercury-cell chlor-alkali plants [ 110, COM
2014 ][ 124, Euro Chlor 2010 ].

Applicability

This technique can in some cases provide useful insights into a process. Mass balances are very
time-consuming and this is a limitation to their use. Mass balances are generally not sufficiently
accurate to quantify emissions from a chemical plant.

Economics
Additional measurements are required (hence costs) and, therefore, additional staff are needed.

Driving force for implementation
The driving forces for implementation of the technique are reporting requirements imposed by
authorities as well as the development of improvement strategies to reduce pollution.

Example plants
Mercury-cell chlor-alkali plants.

Reference literature
[ 5. Directive 2010/75/EU 20107 [ 102, COM 20071 [ 110, COM 20141 [ 124, Euro Chlor

2010]

3.1.5.3 Operational management tools
3.1.531 Overview

While the inventory management tools (see Section 3.1.5.2) provide all the necessary
information without which no decisions about effective waste prevention, minimisation and/or
treatment are imaginable, the operational management tools provide the basis to put these
decisions into action.
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3.1.5.3.2 Management of changes involving process and/or plant modifications

Description

Changes involving process and/or plant modifications are relatively frequent in the chemical
industry sector, e.g. to improve the performance/efficiency of production, to enhance safety or
security, to enable the manufacture of new or modified products, to reduce maintenance or
operating costs, and to enhance environmental protection. In addition, changes are carried out in
order to satisfy market strategies that may involve changes of product grade and/or the
reallocation of production and consequently the transfer of processes to other
installations/plants. Changes are also conducted in the framework of decommissioning the plant.

Modifications can be classified as minor or major, or as substantial or not, generally based on
the following criteria:

. the foreseen impact of the changes on the safety of the installation including both
processes and workplace safety issues;

. the likely impact of the changes on the environment (air, water, waste, energy and raw
material consumption);

. the extent and complexity of the changes.

According to the IED (2010/75/EU), substantial changes within an IED plant or installation are
subject to the granting of prior authorisation by the competent authority [5, Directive
2010/75/EU 2010 ].

Plant modifications are designed and implemented with the objective of maintaining the
installations in compliance with laws, regulations and standards (both internal and industry
standards), to protect the environment and to ensure an appropriate level of reliability and safety
of the operation of the plant.

Whole effluent assessment (WEA, see Section 3.2.2.3) is an instrument that is used in some
Member States (e.g. Sweden) in the permitting procedure for checking that the implementation
of process changes does not harm the environment.

Management procedures concerning plant modifications are in place as part of the EMS to
manage plant modifications (see Section 3.1.2, point '¢'). An effective management of changes
is generally achieved by the implementation and follow-up of appropriate procedures to verify
and control the projected modifications from the very early phase of the investment planning.

Changes involving process and/or plant modifications take into account organisational aspects
as well as human factor aspects, especially when the changes are considered major based on the

criteria mentioned above.

A sample workflow for the management of changes is given in Figure 3.2.
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MANAGEMENT OF CHANGES - SAMPLE WORKFLOW

PLANNED MODIFICATION(S), e.9.:
- PROCESS (NEW, TRANSFER)

« PLANT, EQUIPMENT

« RAW MATERIAL(S) (QUANTITY, QUALITY)

ENGINEERING/MAINTENANCE
SAFETY/ENV. PROTECTION

SITE/PLANT MANAGEMENT
R&D/PROCESS DEVELOPMENT

ANALYSIS & EVALUATION

I Addition; -0 -: (Process risk assessment) ;-A:Jd?(ic;w; -
| requirements, (Workplace risk assessment) requirements, 1
| modifications, reviews : ENVIRONMENTAL ASSESSMENT | modifications, reviews 1

Compliance issues, e.g.
IPPC permit, SEVESO updates,

ATEX/fire permits,
pecific local requirements

PERMIT(S) I v [ORGANISATION SET-UPI
INSTALLATION(S) .

Scale upltrials/start-up
ormal operations

Figure 3.2: Sample workflow for the management of changes

OHS issues, e.g.
standard operating procedures,
emergency procedures,
sanitary surveillance, training

Waste gas treatment
Waste water treatment
Waste management

Achieved environmental benefits
An adequate management of changes minimises the environmental impact of carrying out plant
modifications.

Cross-media effects
No cross-media effects are believed to be likely.

Operational data
Examples of plant modifications or changes are provided in the following list (the list is not
exhaustive):

o the installation/decommissioning of machinery/equipment (e.g. pump, heat exchanger,
filter, valve, instrumentation, storage tank, vessel);

o the modification of connections between plants/processes/systems/components;

o the modification of set-up parameters of the process safety control equipment (e.g. set-up
pressure of safety valves, rupture disks, pressure, temperature and level metering
devices);

o the modification of logical loops (mode of intervention of instrumentation);

o the substitution of machinery/equipment for different alternatives;

o the repair of machinery/equipment whenever the intervention leads to relevant

modifications of the characteristics and/or performances (e.g. repair of a stirrer with
modification of typology, repair of a pump leading to significantly different performance
characteristics).
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Examples of changes which are not generally considered to be relevant modifications are listed
below:

. the substitution of machinery/equipment for identical ones or those with the same
characteristics;

. the repair of machinery/equipment keeping the same performance characteristics;

. the interventions of ordinary, extraordinary, programmed and preventive maintenance
without modification of the original characteristics of the machinery/equipment being
maintained.

Applicability

The management of changes is applicable at all installations. The extent to which management
procedures to deal with plant modifications are developed depend for the most part on the size
and nature of the operation (i.e. procedures in place at large Seveso plants are expected to be
more developed than those in place at small non-Seveso installations).

Economics
No relevant extra costs are expected. Costs savings are expected.

Driving force for implementation
The drivers for implementation include minimising the environmental impact and complying
with legislation.

Example plants
Several IED installations, in particular Seveso plants.

Reference literature
[ 5, Directive 2010/75/EU 2010 ][ 156, Grandi 2008 ]

3.1.5.3.3 Setting and regular review of internal targets or programmes

Description

An EMS (see Section 3.1.2) needs to establish an environmental programme where global, long-
term and internal, site-specific targets are set. The global and long-term targets are part of
company policy and thus not included in this BREF, but it is stated that such a policy is a
necessary item.

The parameters for which internal targets are set should be selected according to their relevance.
In order to limit the number of these parameters, the purpose of the target setting should be kept
in mind, i.e. the optimum running of production and abatement operations should be ensured,
thereby minimising the impact on the environment as a whole. It is usually not necessary to set
target levels for each and every parameter involved, but to use surrogate parameters to describe
the emissions. The measurable target levels need to be set in such a way that the permit level of
the final outfall as well as the specific local conditions can be readily met.

The dynamic process of target setting, given that the chemical industry and the conditions in
which it operates are subject to continuous development and constant change, implies a regular
review, regardless of whether new legal requirements have been introduced. Thus, a programme
to meet these changes needs to be set up. The goal of this regular review is the continuous
improvement of the environmental performance of a chemical industry site as a whole. To
achieve this permanent goal, a reduction programme should be established that contains the
following elements:
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. a periodic evaluation of environmental management practices associated with operations
and equipment, taking into account:

° environmental impacts,
° changing legislation,
° public concerns,
° implementation of ongoing improvements;
o incentives for the implementation of cost-effective actions and recognition for significant

contributions to emission reduction targets, such as:

° cost allocation of waste water and waste gas treatment by introducing a pricing
system, e.g. the introduction of an internal 'polluter pays principle (PPP)', for
discharge from the individual production units, which are charged internally with
the costs of the treatment facilities according to their share of pollutant input; this is
a good incentive to minimise emissions and thereby reduce the shared treatment
costs of the production unit;

° internal awards (bonus payment) for operational improvement proposals by staff;
° internal competition for reducing process disturbances and accidents;
o inclusion of objectives for release prevention in the design of new or modified facilities

and processes, such as:

° introduction of recycling of starting compounds or products, when modifications of
the installation are planned;
° introduction of water conservation measures, under the same conditions as above;

. preventive maintenance and appropriate control technology to minimise emissions and
losses;

o implementation of engineering and operating controls and procedures, with operating
criteria, to improve prevention, early detection and containment of spills/releases either
by:

° monitoring surveillance, or
° organisational measures, using personnel power, such as regular control rounds, or

installing containment systems with sufficient collecting volume;

o investigation and evaluation of spills/releases that have occurred, to identify corrective
actions to prevent a recurrence;

o communication with employees and members of the public regarding information on
emissions, the progress in achieving reductions and future plans, which should include a
structured dialogue on the concerns and ideas of both employees and members of the
public.

This review may lead to decisions to modify or even adapt the environmental objectives,
programme or policy.

Achieved environmental benefits

The technique is expected to help plant management react more effectively and more quickly to
environmental challenges and therefore to minimise the impact of the functioning of the
installation on the environment as a whole.

Cross-media effects
There are no cross-media effects associated with this technique.
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Operational data
There are several classes of targets, one class given as general standards, another as site-specific
standards. Examples of general standards are:

. the requirements of environmental quality objectives or environmental quality standards
as well as technology standards and 'good manufacturing practice';

. the general requirements for river basin quality (Water Framework Directive [ 28,
Directive 2000/60/EC 2000 ] or national regulations on water quality);

. the general requirements for emissions to air, international or national programmes;

. requirements of internal company standards issued for all sites, independent of local

permit demands.

Examples of site-specific standards are:

. requirements of permit conditions (e.g. ensuring continuous compliance with emission
limit values);
. specific limitations on the ecotoxic content of any final outfall in accordance with the

limits set for the receiving medium (surface water, air), e.g. in Germany, the achievable
values for final discharge into a water body are:

° fish test: LID = 2;

° daphnia test: LID = 4;

° algae test LID = §;

° luminescent bacteria test: LID = 16;
° mutagenicity: LID = 1.5.

The toxicity is expressed as 'dilution factors'. LID = 2 means that the waste water stream
has to be diluted to half of its original concentration so that no toxic effects can be
observed. See also Section 3.2.2.2.

As a long-term target for the future, the German chemical industry (according to the VCI
declaration of May 2000 [ 93, VCI 2000 ]) aims to further reduce the toxic impact of its waste
water discharge, taking into consideration:

. acute toxicity to fish, daphnia and bacteria;
. chronic toxicity to algae;
. mutagenicity.

They finally seek to ensure that their effluents into receiving water bodies do not exceed
dilution factors of LID = 2 (for mutagenicity: LID = 1.5); toxicities caused by salt
concentrations are not included.

When targets are being set, a plan should also be drawn up for actions to be taken when a target
level of one or more tributary streams, or of the final outfall, is exceeded for a certain amount of
time. These actions have to be clearly defined and the responsibilities and competence for these
actions have to be assigned.

Examples of internal targets are:

. continuous reduction of pollution loads;
. compliance with permit requirements;
. reduction of ecotoxic effects (see Section 3.2.2.2).

The role of monitoring in target setting is mentioned in Section 3.2.2.1.
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Applicability
The technique is generally applicable to new and existing installations.

Economics
No information provided.

Driving force for implementation
Improving the environmental management system is the main driving force for the
implementation of the technique.

Example plants
No information provided.

Reference literature
[ 28, Directive 2000/60/EC 2000 ][ 93, VCI 2000 ]

3.1.5.34 Selection of treatment options

3.15.34.1 Overview

With the necessary information concerning emissions arising on a chemical site and the
environmental targets and demands defined, the next step is the selection of appropriate
treatment options. Usually the goal is to find a cost-effective treatment method offering an
optimum environmental performance. An appropriate choice normally requires treatability
and/or pilot studies.

Available control options are generally evaluated and selected according to:

the characteristics of the emitted stream, e.g.:

° flow rate,

° concentration and properties of contaminants,
° presence of impurities (e.g. vapour, oil),

° temperature,

° pressure;

the load of the streams that need treatment;

the targets to be achieved, pollutant recovery being the first choice;
legal requirements;

the control options that exist for a given case.

This evaluation and selection process — the necessary data obtained by stream inventory/register
(see Section 3.1.5.2.3) — always results in the need for additional site-specific conclusions to be
taken into account, the key factors varying from site to site, by e.g.:

plant location;

size and layout of the site;

current environmental and economic performance of the installations in question, their
age, design and anticipated lifetime;

potential and degree of process integration within an installation and between
installations;

type and quality of the receiving medium;

impact on the environment as a result of an actual or foreseen emission;

remaining lifetime and performance of existing pollution abatement equipment;
availability of resources;

safety;

limitations and constraints on an installation imposed by other legislation;

results of cross-media analyses (water consumption, waste generation, energy
consumption);

investment and operating costs.
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When central treatment facilities are involved, source reduction options should be considered.
As a result of the considerations mentioned above, the appropriate treatment system will be
selected by considering the options for:

. source reduction;
. collection (drainage) system;
. treatment methods.

Special issues for waste water and waste gas are dealt with in Sections 3.1.5.3.4.2 and
3.1.5.3.4.3 respectively.

3.1.5.34.2 Selection of waste water control system

Figure 3.3 illustrates a decision path for finding the appropriate waste water treatment system
for the individual waste water streams.

The following questions, which contain the main objectives of the IED (2010/75/EU) —
prevention, minimisation and control of pollution — should be addressed for each type of waste
water:

. Can the amount and contamination level be reduced or eliminated by process-integrated
or other means?

. Does the waste water stream as a whole require treatment, or would a segregation system
be useful?

. Is the waste water stream suitable for biological treatment, or should it be subjected to

decentralised pretreatment?
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Figure 3.3: Decision diagram for selecting an appropriate waste water treatment system

As an example criterion for prioritising a more thorough examination of tributary waste water
streams, the presence of a refractory TOC load in the order of 20—50 kg/d has been used in parts
of Germany. Other relevant parameters in this context are heavy metals, halogenated organic
compounds, priority substances and toxicity.

The selection procedure follows the steps mentioned in Section 3.1.5.3.4:

Source reduction

The options for waste water reduction at the source should be considered first. In many
instances, these will result from process considerations described in the other chemical BREFs.
Suggestions for frequently occurring causes of contamination are described below, categorised
into subheadings.
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Process water usage depends on the manufacturing process. Its contaminant concentration
depends mainly on the solubility of the process stream in water. The following measures should
be taken into account:

process water should be segregated from rainwater and other water effluent, to allow
reuse or recycling, as well as to minimise the amount of waste water which requires
treatment, the installation of a roof over certain process areas, loading and unloading
bays, etc.;

process water should be used in a recycle mode, whenever it is economically feasible,
with a maximum number of recycles before discharge;

direct contact cooling systems should be avoided whenever feasible;

a critical review of the need for water scrubbing systems or, when they are used, an
investigation into the potential for water regeneration and reuse (see Section 3.3.1) should
be carried out;

water flow for water flushing and sealing systems, which are frequently needed for safety
reasons but should not be allowed to flow without control or restriction, should be
minimised;

free oil should be removed to a slop oil system before its discharge to the sewer;

an effective water/hydrocarbon separation should be carried out as far as practicable in
the process equipment before discharging the water to the sewer;

if feasible, a process fluid should be used instead of steam in Venturi jet devices, or a
liquid ring pump should be used, preferably using a process fluid as seal liquid (see
Section 3.3.1.7), or a dry vacuum pump should be used, to minimise the contamination
generated by vacuum devices;

as far as possible, the discharge from safety valves, thermal relief valves, bleeds from
double block isolation or twin seal valves should be captured, because it is not
recommendable to discharge them to areas where clean rainwater is collected;

laboratory effluent should be collected to a slop tank.

Unintended operational releases to the sewer can generally be avoided through enhanced

operator attention. Additional instrumentation or slop collection will often be helpful to enable
operators to perform their task efficiently. Also, slop collection facilities are recommended
wherever hydrocarbon liquid releases frequently occur. To reduce unintended operational
releases, the following measures should be taken into account:

vents and drains should be plugged or capped whenever they are not in use;

flush collection should be allowed in a slop system rather than sending it to the sewer,
preferably using closed loop sample systems or sampling valves that require no flushing
(e.g. ram-type sampling valves), the sample bottles sized in such a way that overfilling is
avoided and the sampling frequency and sample kept to the minimum required;
overfilling of vessels or tanks should be avoided by installation of an adequate level of
instrumentation or adequate procedures;

the use of hoses should be minimised;

facilities to collect hose drips should be considered;

roofs over loading racks should be considered;

kerbs should be installed to ensure containment of spills;

adequate instrumentation should be considered to protect against overfilling of road
tankers;

product loss should be avoided during water draw-off from tank bottoms;

the installation of reliable interface detection instruments (i.e. to determine the position of
a liquid/liquid or liquid/vapour interface in a remote inaccessible location) should be
considered;

the pigging of lines should be considered instead of flushing and draining, whenever
applicable;

spills should be vacuum cleaned whenever possible rather than hydrojetting or steaming
them to the sewer;

water hoses should be left to run only when attended, which is good
management/manufacturing practice.
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Conservation of water by process-integrated and other measures, however, leads to more highly
concentrated water streams that might be profitably recycled or exploited for higher production
yields or be treated with greater efficiency. So, any means to reduce water consumption might
directly lead to a reduction in the quantity of contaminants evacuated through the sewer.

Turnaround and other maintenance activities often result in significant water contamination. To
minimise this requires careful planning well in advance, and includes:

. defining a dedicated equipment cleaning site, equipped with adequate facilities to recover
hydrocarbons and solid waste, making this the obligatory location for equipment cleaning
as far as possible (e.g. exchanger bundle cleaning);

o carefully planning the draining of equipment to avoid undesirable releases to the sewer;
o carefully evaluating the equipment cleaning needs and methods;
o defining a disposal route for all cleaning effluent.

Releases resulting from equipment failure are, by nature, unpredictable. Preventive maintenance
for equipment and implementation of a monitoring programme are ways to ensure that these are
minimised, for example:

o avoiding as far as possible pump seal failure;

o considering the installation of seal-less pumps, vibration monitoring or leak alarms on
seals;

o detecting leaks to cooling water resulting from exchanger failure by periodically checking
the hydrocarbon content, pH and electrical conductivity of the cooling water return;

o repairing detected leaks as soon as possible;

o analysing frequently leaking systems to define the most suitable type of equipment,

packing, gasket, etc.

Background contamination from foul sewer systems can be minimised by, for example:

o periodically checking sewer inspection chambers for the presence of free hydrocarbons,
etc., and vacuum pumping them, if needed, to the slop;

o cleaning of dirty sewers that might cause a significant level of background contamination;

o selected drainage systems (see Section 3.1.5.3.5.2);

o installing a buffer capacity; the installation of buffer capacity is beneficial for particular

waste water streams at production plants as well as for collected waste water streams
before they enter the central WWTP, in case of an operating failure (further details are
given in Section 3.3.2.2);

o treatment methods, including:

° pretreatment for an individual waste water stream with downstream central
biological treatment, e.g. a stream containing heavy metals or refractory COD, to
reduce contaminants at source, which prevents undesired dilution and dispersion of
contaminants that otherwise would escape undetected and untreated into a
receiving water body;

° final treatment for an individual waste water stream with direct discharge into the
receiving water;

° treatment of distributed waste water, as pretreatment or final treatment;

° central treatment for a whole site, e.g. mechanical/biological treatment plant

(central biological WWTP), precipitation/flocculation/sedimentation plant or a
treatment plant for contaminated rainwater;

° no treatment for slightly contaminated individual waste water streams or non-
contaminated rainwater.

The various treatment techniques are described in Section 3.3.
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Central treatment may be carried out on site or off site, and potentially together with waste
water from other sources (e.g. other industrial installations, municipalities). The connection to a
central waste water treatment plant (whether industrial or municipal) can be envisaged only in
the case where the sewer and treatment system are capable of transporting and treating the
industrial effluent under adequate conditions. In practice, a convention is often established
between the operator(s) of the installation(s) generating the effluent and the operator of the
central waste water treatment plant (see Section 3.1.3).

3.1.5.34.3 Selection of waste gas control system

Description

The selection procedure follows the sequence mentioned in Section 3.1.5.3.4. When planning
the modifications entailed by either source reduction or end-of-pipe treatment, it should always
be kept in mind that all changes can have significant safety implications, particularly when
dealing with flammable substances. Therefore, it is absolutely essential to thoroughly assess the
effect of any change on the safety of the installation (see Section 3.1.5.3.2).

Source reduction

Controlling emissions requires, firstly, investigation of source reduction opportunities. Careful
planning is needed to optimise the pollutant recovery and, consequently, the related investment
and operating costs.

Investigation can reveal further opportunities for reduction of emissions at source. In most cases
the related investment is lower than for an end-of-pipe treatment. A thorough investigation of
the source reduction possibilities is therefore highly recommended. It should be based on the
causes of emissions. Therefore, a good knowledge of the relative importance of each cause will
be essential for prioritisation purposes. Once all feasible source reduction possibilities have
been exhausted, an end-of-pipe treatment may still be required.

Treatment technology selection

End-of-pipe treatment devices can handle only ducted emissions. Therefore, if uncaptured
emissions have to be abated by means other than source reduction, collection hoods and a
ventilation system (including the necessary safety facilities) are required upstream of the end-of-
pipe abatement system. Installation costs for these ventilation systems can be significant.

Individual treatment systems are dealt with in Section 3.3.

Achieved environmental benefits
The appropriate selection of a waste gas control system allows for optimising the consumption
of materials and energy to achieve the lowest emissions to the environment.

Cross-media effects
None considered of importance.

Operational data

The key design issues for waste gas treatment systems are the flow rate of the gas stream, its
temperature, its contaminant concentrations and, in addition to the maximum values, their
degree of variability. The nature — or 'chemistry' — of the contaminants is of primary importance
since all treatment systems have limitations in this respect, for example:

. only flammable vapours are suitable for incineration;
contaminants which contain halogens and/or sulphur may require flue-gas treatment
downstream of thermal and catalytic oxidation;

. the efficiency of condensation depends on the vapour pressure of the contaminants at
condensation temperature; therefore substances with higher vapour pressure are less
suited to condensation;
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only compounds of small molecular size can be effectively adsorbed and desorbed;
biofiltration of non-biodegradable compounds will not be effective;

membranes work better on specific compounds;

the efficiency of wet scrubbing depends on the solubility and vapour pressure of the
contaminants.

The value of emitted product will determine the incentive to recover it from the off-gas, so the
more valuable the product, the more the use of techniques allowing recovery (e.g. adsorption,
condensation, membranes) will be preferred to destruction (abatement) techniques (e.g. thermal
and catalytic oxidation, and biofiltration).

The presence of impurities in the off-gas affects the design of the system. Sometimes these
impurities have to be removed in a pretreatment step. Impurities that may have to be removed
depending on the waste gas control system used include:

o water vapour, which affects the adsorption efficiency, condensation systems, particularly
refrigerated or cryogenic systems, or filter systems;

o dust, which causes trouble for adsorption, absorption or catalytic oxidation where dust
particulates plug the packing or adsorbent bed;

o catalyst poisons, which destroy the efficiency of a catalytic oxidiser or a catalytic filter;

o acids, which affect the biofilter/bioscrubber activity.

The targeted concentration needs to be considered. Most technologies are limited in removal
efficiency and condensation, absorption and biofiltration in particular achieve far below 100 %
removal efficiency. This is an advantage of thermal or catalytic oxidation systems, which reach
very high destruction efficiencies of about 99 %; but on the other hand the additional
consumption of energy and fuel as well as the discharge of flue-gas have to be considered.
Adsorption systems are also very efficient, as long as care is taken to avoid saturating the
adsorbent.

Safety issues are particularly important for thermal and catalytic oxidation systems. Most VOC-
air mixtures are flammable at VOC concentrations above 40 g/m’ at 20 °C and at atmospheric
pressure. In order to avoid flashback, i.e. propagation of a flame in the inlet ducts to an
incinerator/oxidiser, one has to ensure that the inlet concentration is always well below the LEL.
The opposite option — VOC concentration well above the HEL — should ensure that the VOC
concentration does not, under any circumstance, fall below this higher limit. A detonation
arrestor or a seal drum can be provided to prevent the risk of flashback for unexpectedly high
concentrations. Besides this, the incinerator/oxidiser has to be installed at a location where there
is no risk of the presence of flammable vapours, and a detailed analysis is required to ensure the
safety of the installation. Also, systems using other technologies should be subject to a detailed
safety review. Many systems (e.g. adsorption, membranes) will result in more concentrated
streams, possibly producing concentrations within the flammable range. For adsorption systems,
bed overheating risks have to be evaluated. Many systems include compressors or blowers
which may have safety implications. Generally, a detailed safety review of each installation is
required and it may have a significant impact on the selection of the system. Thus, safety issues
are important for electrostatic precipitators (dedusting of flammable gases should be avoided)
and fabric filters (ignition possible because of hot gases, pyrophoric powders and sparks).

Layout constraints may play an important role. Incineration systems have to be located outside
locations where flammable vapours could be present. The installation of a system within a
hazardous area will require designing the electrical and instrumentation systems accordingly,
which may affect the cost of the unit significantly. Access requirements to the unit should be
considered as well.
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Applicability
Applicable to new and existing installations.

Availability of utilities is yet another key aspect in the selection of the most appropriate
abatement technology. Availability of a suitable fuel is required for an incineration system, and
the fuel costs may have a big impact on the operating costs. Fixed-bed adsorption systems
normally use steam for desorption; however, if steam is not available in sufficient quantity, the
design has to be adapted accordingly. Sufficient power supply is required for condensation
systems and sufficient water for water scrubbing systems.

Economics

The investment required for a waste gas treatment system is obviously of primary importance.
When evaluating the required investment, care should be taken to include the costs of all the
required facilities. In particular, utility supply, vent collection ducting to the abatement unit and
requirements for ancillary equipment (e.g. a seal drum for an incinerator/oxidiser, water
treatment unit for a condenser) may have a significant cost impact.

Although the initial investment is important, the operating costs may be even more important.
These include utility consumption, replacement of catalysts, adsorption media or membranes,
costs of chemicals, operations and maintenance, disposal of production residues, pretreatment
and post-treatment, etc. When evaluating these, care should be taken to quantify the costs
associated with each stage of the operations (normal operation, regeneration, and idling). As an
example, thermal oxidisers are normally fitted with refractory lining. This refractory is sensitive
to humidity and therefore has to be kept warm at all times. The amount of fuel required to keep
it warm during idling times is an important consideration for systems not operating 24 hours per
day 7 days per week. Keeping a regenerative or a flameless system at this temperature requires a
fraction of the fuel needed for a simple thermal oxidiser.

The investment required for the end-of-pipe treatment itself will generally be a function of the
total gas flow rate to be treated; therefore, efforts to minimise this flow rate will pay off. Finally,
selecting a suitable treatment technology will have a significant impact on the required
investment and operating costs.

Driving force for implementation
The driving forces for implementing the technique include ensuring the cost-effectiveness of the
choices made and reducing the overall environmental impact of the installation.

Example plants
All plants choose their own waste gas control system.

Reference literature
No reference literature provided.

3.1.5.35 Selection of collection system
3.1.5.35.1 Overview

The choice of an adequate collection system is influenced by the choice of the treatment
systems and thus depends on the task and target of the waste water and waste gas treatment. The
selection methodology is described in the following sections for waste water drainage (see
Section 3.1.5.3.5.2) and waste gas ducting (see Section 3.1.5.3.5.3).
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3.1.5.35.2 Selection of waste water collection and segregation system

Description

Taking into account the results of the waste water inventory/register (see Section 3.1.5.2.3), the
choice of a suitable waste water collection system ensures the optimum discharge of waste
water entailing the least possible impact on the environment. Depending on the downstream
treatment requirements, a drainage system needs to be installed that meets the needs of:

rainwater drains;

cooling water drains, according to the grade of pollution;

drains for waste water suitable for direct discharge without any treatment;

drains for sanitary waste water;

drains for process waste water according to its origin;

drains for decentralised or centralised (on-site or off-site) water treatment facilities;
separate drains for organic waste water and inorganic waste water without a relevant
organic load, which prevents dilution of both parts, entailing loss of treatment efficiency.

Those prerequisites, as well as economic factors, require the implementation and maintenance
of waste water separation/segregation systems. Waste water that does not need treatment (e.g.
uncontaminated cooling water or uncontaminated rainwater) is segregated from waste water that
has to undergo treatment, thus reducing the hydraulic load on the drainage and treatment
system.

Segregation of waste water streams is also implemented to:

o pretreat compounds that negatively affect the final waste water treatment plant (e.g.
protection of a biological treatment plant against inhibitory or toxic compounds);
o pretreat compounds that are insufficiently abated during final treatment (e.g. toxic

compounds, poorly/non-biodegradable organic compounds, organic compounds that are
present in high concentrations, or metals during biological treatment);

o pretreat compounds that are otherwise stripped to air from the collection system or during
final treatment (e.g. volatile halogenated organic compounds, benzene);
o pretreat compounds that have other negative effects (e.g. corrosion of equipment;

unwanted reaction with other substances; contamination of waste water sludge);
o enable material recycling.

Waste water streams that fail to meet the quality requirements for final treatment are subject to
special pretreatment operations. Thus, for each waste water stream, the decision process
illustrated in Figure 3.3 should be followed and the appropriate sewer system designed
accordingly.

The waste water can be collected either by underground or overground sewers or drainage.
Existing plants are often equipped with underground systems because they can be operated as
gravity sewers, saving power for pumping, and the pipelines are out of the way of process
installations. Overground collectors have the advantage that leaks or breaches can easily be
detected before much damage is done to the groundwater reservoir. If the groundwater level at
an industrial site is near to zero, as happens with sites near embankments, estuaries or coastal
areas, there is usually no choice other than ducting the sewers overground. Advanced
technology uses overground sewers because maintenance, retrofitting and repairs are easier to
perform and thus their operation is cost-effective. A disadvantage is the need for pressure ducts
and the risk of formation of emulsions because of pumping. Climatic situations, however, might
be a problem for overground sewers (e.g. areas with long periods of frost).
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Achieved environmental benefits

The main benefits of the technique include lowering the volume of waste water requiring
treatment, increasing the load of pollutants thus enabling a more efficient treatment as well as
allowing material recycling/reuse.

Cross-media effects
None considered of importance.

Operational data

Separate discharge is recommended to avoid a dilution effect of the treated waste water. The
more concentrated the effluents that result from separation are, the more generally effective
their downstream treatment is.

Applicability

Applicable to new installations. For existing installations, there might be technical and
economic difficulties associated with the installation of a waste water separation/segregation
system (see Economics below).

Economics

Retrofitting costs associated with the separation/segregation of waste waters can be significant
at existing plants. Waste water separation/segregation systems can be installed efficiently at new
plants. Savings may be made from the reduction in the water holding capacity needed on the
site.

Driving force for implementation

Driving forces for implementing the technique include ensuring the cost-effectiveness of the
choices made, enabling material recovery and reducing the overall environmental impact of the
installation.

In some countries the mixing of uncontaminated rainwater with other effluents is not permitted.

Example plants
All plants choose their own waste water collection and segregation system.

Reference literature
[ 148, Degrémont SUEZ 2007 ]

3.1.5.35.3 Selection of waste gas collection systems

Description
Waste gas collection systems are often far less extensive than waste water collection systems.
They are installed mainly:

. as vent collection systems, routing several vents to a central treatment system;
to capture diffuse and/or fugitive emissions (see Section 3.5.4) by extraction hoods and
duct them to a treatment unit (less frequently used);

. as flaring systems, which are primarily installed to allow safe disposal of off-gas in
emergency situations (see Section 3.5.1.6).

In order to minimise the airflow rate to the control unit, it is recommendable to encase the
emission sources as much as possible by means of partitions separating the sources of emission
from their surroundings. This, however, presents concerns related to operability (access to
equipment), safety (avoiding concentrations too close to the LEL) and hygiene (where operator
access is required inside the enclosure). The enclosure needs to be designed in such a way that
vapours are prevented from escaping by ensuring sufficient air velocity through the openings
(0.5 m/s minimum recommended). The total flow rate should be sufficient to ensure dilution of
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vapours to a value well below the LEL. Where this concentration is likely to be exceeded, the
installation of an LEL detector inside the enclosure is required, including appropriate control
equipment.

In most cases, the emission treatment system will be installed on existing ducted emission
points or vent collection systems. A critical review of these existing systems is warranted before
determining the total flow rate of the treatment system. This review is required for two basic
reasons:

o Actual flow rates delivered by blowers may be significantly different from the blower
design flow rate, because of pressure drops upstream and downstream. Actual flow rates
at less than 50 % of the blower design capacity are not infrequent. Therefore, basing the
treatment system flow rate on the sum of design blower flow rates delivering to the
control unit may lead to a significantly oversized end-of-pipe treatment. Measurement of
the actual flow rates is therefore recommended. Allowance has to be made in the final
system design to account for a change in flow rates (increases or decreases) which may be
caused by the installation of the treatment unit. In the case of a decrease in flow rate, the
safety implications must be checked as well.

o The existing vents or fume extraction systems may not have been designed with flow rate
minimisation in mind. Small adjustments to the design may lead to significant reductions
in flow rate and consequently significant savings on the end-of-pipe treatment cost.

For VOC collection systems, the most important issues are personnel safety and hygiene.
Devices that can be installed to prevent the ignition of flammable gas-oxygen mixtures or
minimise its effect by preventing explosions include:

. detonation arrestors;
. seal drums;
. water seals.

The concentration in VOC collection systems must be kept well below or above the explosive
range, which means that the correct mixture of waste gases is crucial.

Achieved environmental benefits

The main benefits of the technique include lowering the volume of waste gas to be treated,
increasing the concentration of pollutants thus enabling a more efficient treatment as well as
allowing material recycling/reuse.

Cross-media effects
The choice of a waste gas collection system may present health and safety concerns that may be
under the scope of the ATEX Directives [ 126, EU 2014 ][ 131, EC 1999 ].

Operational data
All plants choose their own waste gas collection system.

Applicability
Applicable to new and existing plants.

Economics
No information provided.

Driving force for implementation

Driving forces for implementing the technique include ensuring the cost-effectiveness of the
choices made, enabling material recovery and reducing the overall environmental impact of the
installation.

Example plants
All plants choose their own waste gas collection system.
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Reference literature
[126,EU 2014 ][ 131, EC 1999 ]

3.15.3.6 Implementation of the selected emission control options

Description

Once emission control measures have been selected, their implementation must be planned in
detail, regardless of whether they are of an organisational or hardware nature. When unexpected
problems are identified during the detailed planning and/or review, the selection of the emission
control options may need to be revised. It is fully understood that the successful implementation
of control techniques requires a good design stage. Otherwise, the performance of the control
option would show a low environmental standard and a poor cost-benefit ratio of the
environmental investment.

Achieved environmental benefits
A correct implementation of the selected emission control options allows the optimum
environmental performance of the systems.

Cross-media effects
None considered important.

Operational data

The time required to implement emission control measures depends very much on the nature of
the measures and the type of facility where they need to be implemented. Examples of such
measures are given below.

. Organisational measures, e.g. revision of operating procedures or scheduling practices,
which can usually be implemented relatively quickly.

. Control measures, e.g. computer control optimisation routines, which may take several
months (or even more) to develop and test in the operating environment.

. Hardware measures, e.g. implementation of control devices or process modifications

aimed at source reduction, which may require from several months to several years,
depending upon the size of the projects and the ability to implement them in a running
plant environment. This duration includes the design of the facilities, permitting, detailed
engineering, procurement of the equipment, installation and start-up. In many cases, a full
plant shutdown (turnaround) is required to make plant modifications, and in large
chemical or petrochemical operations, this may happen only once every few years.

Applicability
Applicable to new and existing installations.

Economics
Cost savings are expected from a correct implementation of the emission control systems due to
reducing or avoiding maintenance operations.

Driving force for implementation
Reducing the environmental impact and reducing maintenance costs are the main driving forces
for implementation.

Example plants
All plants make an appropriate choice of their waste gas treatment considering a number of
factors.

Reference literature
No reference literature provided.
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3.1.5.3.7 Quality control methods

Description

Quality control methods are tools which are used as a 'troubleshooter’ when an existing
treatment process runs out of control or cannot fulfil permit requirements. The releases from a
treatment plant are a function of its influent characteristics and the efficiency of the treatment
operation. To check whether the treatment process runs properly, the quality of the output is
judged against a set of standards. If these standards are not met, there is an immediate need to
re-establish performance within the standards by [ 64, Hartung 1993 J:

o detecting the change;
o identifying the cause of the change;
o taking corrective action to restore the system to the status quo.

The problem solving and system improvement require the entire plant or site to be looked at,
and corrective action requires the cooperation of several departments. These methods are
illustrated under Operational data below for waste water treatment, with the control method for
waste gas treatment being similar.

Achieved environmental benefits
Quality control measures enable a timely detection and implementation of corrective measures
to ensure the optimum functioning of the pollution treatment systems.

Cross-media effects
None considered important.

Operational data

Exerting control [ 64, Hartung 1993 ]

Some variables can be controlled by the operator of a WWTP, such as clarifier blowdown,
dissolved oxygen and chemical feed, which can be adjusted when circumstances dictate. Other
variables are beyond the control of the operator of the WWTP, e.g. waste water flow rate and
characteristics. These variables can severely influence the operation of the WWTP and
ultimately have an impact on the quality of the discharged water. Also, good communication
between the operator of the installation producing waste water and the operator of the WWTP is
essential to ensure the best possible quality of the effluent discharged to the receiving water.
Conventions are tools that can help in this respect (see Section 3.1.3).

The controllable aspects are all adjusted in reaction to a change in the system. Adjusting to
operating conditions is a feedback activity that attempts to produce a constant output in light of
erratic inputs. The variables that cannot be controlled are handled in a predictive or feed-
forward fashion. Online testing and monitoring will give the WWTP advance warning of step
changes that occur to its input.

Control/improvement [ 64, Hartung 1993 ]

The common mode of operating a WWTP is that of process control. Only those operations that
need to be carried out to meet standards and stay within control regarding effluent quality are
performed, thus losing part of the system control. The steps to regain control when it has been
lost are the well-known ones of detection, identification and corrective action (see above). The
easy option of doing nothing is, in most cases, not acceptable.

In quality terms, 'in control' means that the system is handling the variations the best it can, but
the process may not be capable of statistically complying with the imposed effluent standards,
because either there are new standards or the input has changed. A new set of standards requires
improvement, which results from a remedial journey to reach a new zone of control, which lies
within the new standards.
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Quality improvement tools [ 64, Hartung 1993 ]

The goal of quality improvement is to reject the typical standards and reach a level of
performance never before achieved, extending the scope of problem solving beyond the
correction of obvious problems. While it is important to make the system work, it might be
more important to review the entire system and identify areas of potential improvement. The
way to do this is a three-step process:

. identification of causes of potential problems,
. acquisition of data and analysis,
. statistical process control.

The first step in problem solving and quality improvement is to focus on a limited number of
potential problems and attempt to identify their root causes. A cause and effect diagram in the
form of an Ishikawa Fishbone diagram, as shown in Figure 3.4, provides an effective way to
organise and display various ideas about what the root causes might be.
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Source: Adapted from [ 64, Hartung 1993 ]

Figure 3.4: Cause and effect diagram (Ishikawa Fishbone diagram) for problem solving and
quality improvement of poor quality effluent

Another tool is the Pareto analysis, which is a ranked comparison of factors related to a
problem. It is a graphical means of identifying and focusing on the few vital factors or
problems.

A flow diagram provides the steps required to produce a desired result and may be used to
clarify the procedures used and to give a common understanding of the overall process.
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The second step of problem solving and quality improvement is acquisition of accurate and
reliable data and their analysis by gathering the necessary information and preparing the data for
better usage, e.g. as histograms and/or trend charts. These allow a visualisation of the degree of
process variation and an identification of special problems.

The third step on the way to improving the performance of a WWTP is the use of statistical
process control (SPC). SPC uses statistical methods to study, analyse and control the variation
in a process. It is a vehicle through which one can extract meaningful information about a
process so that corrective action, where necessary, can be implemented. SPC is used to quantify
data variation and determine mathematically whether a process is stable or unstable, predictable
or erratic. An SPC chart is a tool that can answer the following questions:

Is the WWTP producing the same results it always has?

Is it in a state of statistical control or are special causes of non-conformance evident?
Is it operating as well as can be expected, given its physical constraints?

Exactly when is corrective action required and when should the system be left alone?
Should corrective action be taken by changing the process or changing procedures?

In constructing an SPC chart, upper and lower statistical limits are calculated from the data.
These limits are set by the process and are based on earlier performance. They are not to be
confused with the operating control limits, i.e. the limits used to operate the WWTP or meet the
permit limits. The operating control limits need to be within the statistical limits (upper and
lower).

Immediate attention or action is required, when:

o data fall outside the statistical limits and thus are considered to be a special cause of
variation, e.g. a sampling procedure, a liquor spill or an instrument requiring calibration;
o the statistical limits are too wide and actual values will eventually fall outside the control

range or permit limits.

When the statistical limits defined by the process fall outside the operating standards or
requirements, the operator is probably reacting properly to changes noticed in the process. The
operator is wrestling with a system that is expected to operate within a range, within which it is
statistically not possible to operate consistently. The data indicate that there is too much
variation to operate the WWTP consistently and that system changes need to be implemented to
gain control.

Applicability
Applicable to new and existing plants.

Economics
No information provided.

Driving force for implementation
Quality control methods are implemented as part of the environmental management system.

Example plants
No information provided.

Reference literature
[ 64, Hartung 1993 ]
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3.1.54 Strategic management tools
31541 Overview

Strategic management tools are described when they apply to the organisation and operation of
release handling. Their application to process management might belong to the scope of the
other chemical BREFs or the REF document on Economic and Cross-media Effects (ECM)
[ 112, COM 2006 ]. Examples of such tools that evaluate environmental and economic options
are:

° risk assessment;
. benchmarking.

3.1.54.2 Risk assessment

Description

Risk assessment is a common methodology to calculate human and ecological risks as a result
of the activities of production processes. It may take into account continuous and discontinuous
emissions, leakage losses, and accidental emissions for example. It is a stepwise and iterative
process, comprised of at least the first of five steps [ 67, Ullmann's 2000 ]:

. hazard identification, i.e. identification of the capacity of a substance to cause adverse
effects;

. concentration-effect assessment, i.e. estimation of the relationship between the level of
exposure to a substance and the incidence and severity of its effects;

. exposure assessment, i.e. estimation of concentrations or doses to which environmental
compartments (including human population) may be exposed;

. risk characterisation, i.e. estimation of incidence and severity of the adverse effects likely
to occur;

. risk estimation, i.e. quantification of the estimated likelihood in a risk characterisation.

When the first step does not identify any hazard in the discharge stream, the application of an
iterative process is obsolete.

The iterative process mentioned above characterises the risk, identifies who or what is at risk as
well as the levels, sources and pathways of exposure. The next stage is — as a result of the risk
assessment process — to reduce the risk and to mitigate the consequences of an adverse event
[ 67, Ullmann's 2000 ]. Thus, risk assessment can give valuable recommendations on the
requirements for treatment facilities as well as for the development of preventive and
minimisation measures. Risk assessment might find for example that:

. an emitted stream possesses toxic properties that do not allow its exposure to the
environment at all, with the effect that complete abatement or recycling is required;
. the installation of a process might not be possible, because the receiving medium is

already contaminated to such a degree that additional contamination would result in
hazardous exposure;

. a different kind of treatment might be advantageous when compared with a more
common one;

. a change in the production process might be required to meet environmental quality
demands.

The decision-making process of appropriate measures falls outside the scope of risk assessment.
Socio-economic and political considerations may influence these decisions. It is therefore
important to separate the risk assessment based solely on technical data from this political
process [ 67, Ullmann's 2000 ], which normally includes risk-benefit considerations including

130 Common Waste Water and Waste Gas Treatment/Management Systems in the Chemical Sector



Chapter 3

cost allocation, and often entails subjective judgement. These thoughts are taken into account in
the REF document on Economics and Cross-media Effects (ECM) [ 112, COM 2006 ].

Computer programs exist for the application of risk assessment processes [ 24, InfoMil 2000 ].

Achieved environmental benefits
Risk assessment tools help plant management to reduce the risk and to mitigate the
consequences of adverse events.

Cross-media effects
None considered important.

Operational data
No information provided.

Applicability
Applicable to new and existing installations.

Economics
No information provided.

Driving force for implementation
Driving forces for implementation include the safety of the workers and the protection of the
production facility from adverse events.

Example plants
No information provided.

Reference literature
[ 24, InfoMil 2000 ][ 67, Ullmann's 2000 1, [ 112. COM 2006 ]

3.1.543 Benchmarking

Description

Benchmarking is a process of comparison of the achievements of one plant or site with those of
others. It is a tool for the operator to evaluate their own way of performing, e.g. their waste
water and waste gas management or treatment, by reference to similar activities elsewhere.
Central elements are the calculation method of the ranking and the verification of the
performances provided. Benchmarking can be an instrument to improve the environmental
situation at a site.

Achieved environmental benefits
Benchmarking can lead to improvements that are beneficial with respect to the overall
environmental performance of the installation.

Cross-media effects
There are no cross-media effects associated with benchmarking.

Operational data
No information provided.

Applicability
Applicable to new and existing installations.
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Economics

The collection and analysis of data needed for a benchmarking exercise imply some costs.
These may vary greatly depending on the industrial sector or subsector considered for the
benchmark exercise.

Driving force for implementation
The main driving force for implementation is to optimise plant operation, including its
environmental performance.

Example plants
No information provided.

Reference literature
No reference literature provided.

3.1.55 Safety and emergency tools
3.1.55.1 Overview

Since all chemical industry sites have the potential to cause significant environmental harm and
to threaten water supplies and public health, measures have to be taken to avoid the risks as far
as possible or to react to accidents in such a way as to minimise their effects. Specific laws
(especially the Seveso III Directive [ 145, EU 2012 ]) exist to prevent major accident hazards
involving dangerous substances from occurring in the first place and, should they occur, to limit
their consequences.

Spillages of chemicals and oil are obvious threats on chemical sites. However, materials which
are not hazardous to humans may also cause serious environmental problems, as can the run-off
water generated in the event of a fire. The environmental damage may be long-term and, in the
case of groundwater, may persist for decades or even longer. Rivers, sewers, culverts, drains,
water distribution systems and other services all present routes for the conveyance of pollutants
off site and the effects of a discharge may be evident some distance away. In many cases, major
pollution incidents can be prevented if appropriate pollution prevention measures are in place or
immediately available. Contingency planning is the key to success and both preventive
measures and incident response strategies as management tools need to be carefully addressed
[ 74, Environmental Alliance (UK) 2000 ].

Pollutants may escape from the site into the water environment by a number of pathways, such
as [ 74, Environmental Alliance (UK) 2000 J:

. the surface water drainage system of the site, either directly or via off-site surface water
sewers;

. direct run-off into nearby watercourses or onto ground, with a potential risk to
groundwater;

. via the foul drainage system, with pollutants either passing unaltered through a sewerage

treatment works or affecting the performance of the works, resulting in further
environmental damage;
. through atmospheric deposition, such as vapour plumes.

Accidental gas releases to air normally need to be prevented by appropriate safety equipment
and proper operation of the installations because, in most cases, gaseous releases cannot be
caught. Exceptions are gases that can be mixed with water such as acids or ammonia, which can
be dowsed by a water curtain and thus become an item for waste water treatment.
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3.1.55.2 Managing firefighting water and major spillages

Description

The main focus of firefighting water and spillage management is on containment strategies and
equipment to handle these spillages. Other management tools, however, such as operational and
strategic tools, should also be considered and supported by contingency or pollution incident
response plans (see Section 3.1.5.5.3) to reduce the impact of any unplanned event that does
occur [ 74, Environmental Alliance (UK) 2000 ].

The first step, however, is to consider the firefighting strategies and possible methods to reduce
the amount of firefighting water run-off generated, e.g. by the use of sprays rather than jets,
controlled burn and the possible recycling of firefighting water, where safe and practicable [ 74,
Environmental Alliance (UK) 2000 ].

Containment systems

There will be one or maybe more levels of containment on chemical sites. In deciding the
appropriate level of containment, a risk assessment is helpful (see Section 3.1.5.4.2). The
operator should consider the hazardous materials on site, the risks posed by accidents, fire,
flooding and vandalism, the likely failure mode of the primary containment (i.e. the tank or
vessel in which the material is stored), the sensitivity of the receiving environment and the
importance of preventing any resultant discharge to it.

In many cases, primary and local containment (bunding) will prevent an incident from causing
pollution. However, where local containment is not provided, or risk assessment indicates that
additional security is required, e.g. to contain firefighting water run-off which may amount to
thousands of cubic metres, then remote containment systems may be employed. These may be
used in isolation or in combination with local containment, for anything from a small area
covering part of a site to a number of large individual installations. They may be required to
protect both surface and foul water drainage systems [ 74, Environmental Alliance (UK) 2000 ].

The capacity needed for remote containment systems has to take into account:

o the potential harm that could be caused by the contaminated firefighting water (evaluation
methods based on risk phrases — as defined in Regulation (EC) No 1272/2008 on
classification, labelling and packaging of substances and mixtures [ 66, Regulation
EC/1272/2008 2008 ] — can be used as well as systems like the German VCI concept on
firefighting water retention capacity, where hazard classes are defined);

o the primary capacity (i.e. the capacity of the vessel in which the material is stored or

handled);

the potential amount of rainfall during the emergency event;

firefighting and cooling water;

foam (as a firefighting medium);

dynamic effects, such as initial surge of liquid or windblown waves.

Remote containment systems can consist of’

o containment lagoons (or earth-banked containment basins), if the site topography and the
ground and soil conditions are suitable, and the lagoons substantially impermeable;
o tanks, built for the purpose; their actual size, design standards and protective finishes

influenced by the risk rating of the site, the retention time, the quantity and the nature of
the materials stored;

o shut-off valves and penstocks, operated manually or triggered by means of automatic
sensors, to isolate part of or the whole site;
o oil separators (see Section 3.3.2.3.3.8).

Although permanent containment facilities should be provided at many sites, there may be
circumstances where a spillage cannot be dealt with by such facilities, e.g. if it occurs outside a
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bunded area. In other cases, particularly at smaller sites, firefighting water containment facilities
may be impracticable because of cost and space considerations. In such cases, temporary
containment systems or pollution control materials should be considered [ 74, Environmental
Alliance (UK) 2000 ].

Examples of emergency containment measures include [ 74, Environmental Alliance (UK)

2000 J:

. sacrificial areas, designed to allow infiltration and to prevent run-off, equipped with an
impermeable lining system to prevent dispersal into other strata or groundwater;
. bunding of vehicle parking and other hard standings;

. pits and trenches, equipped with a liner, particularly in areas of high groundwater
vulnerability;
. portable tanks, overdrums and tankers.

Emergency materials and equipment

A variety of products are available to deal with spillages or to contain spills in emergency
containment areas. Any materials or equipment used must be well-maintained and strategically
placed at accessible locations which are clearly marked with notices explaining their use. The
pollution incident response plan (see Section 3.1.5.5.3) should identify pollution prevention
equipment and materials and their location. Such materials and equipment are [ 74,
Environmental Alliance (UK) 2000 ]:

sand and earth to soak up spillages of oil and chemicals and to use in sand bags;
proprietary absorbents;

sealing devices and substances for damaged containers;

drain seals;

booms.

Measures should be in place to dispose of, as soon as possible, any spillage, contaminated
material or firefighting water. Where reuse is possible, the spilled material should be returned to
storage on site. If off-site disposal is required, it can be done by means of [ 74, Environmental
Alliance (UK) 2000 ]:

. an ordinary waste carrier;
. discharge to a foul sewer with the approval of the sewer operator;
. treatment of hydrocarbon-contaminated water with on-site oil separators.

Treatment/disposal has to take into account persistent and/or toxic contaminants that may also
originate from firefighting foam materials (e.g. aqueous film-forming foams containing
perfluorinated chemicals [ 82, Seow 2013 ]). As a precautionary measure, firefighting materials
should be assessed to select the most suitable option with the least impact on the environment.

Achieved environmental benefits
The environmental benefit of the technique is to minimise the environmental impact of
firefighting water and spillages.

Cross-media effects
None considered important.

Operational data
No information provided.

Applicability
Applicable to new and existing plants.
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Economics
No information provided.

Driving force for implementation
Managing firefighting water and spillages is required to reduce the environmental impact of
incidents/accidents.

Example plants
Seveso sites (high threshold) are example installations.

Reference literature
[ 66, Regulation EC/1272/2008 2008 ] [ 74, Environmental Alliance (UK) 2000 ] [ 82, Seow

2013 ]

3.1.553 Pollution incident response planning

Description

A pollution incident response plan, as mentioned several times in Section 3.1.5.5.2, is mainly a
strategy to spread all information needed in the most efficient way to all those whom it may
concern. The general way to implement such a plan is by [ 75, Environmental Alliance (UK)

2000 I:

o providing details of the site and of those for whom the plan is relevant;

o listing key contact numbers, such as emergency services, relevant environmental
regulators, local water supply and sewer operators, EHS executives, keyholders and
contact staff, specialist advisers, etc.;

o having ready a site drainage plan, containing a clear diagram of the site, showing layout
and access details, off-site discharge points for surface water and trade effluent, etc.;

o providing an oil, chemical and product inventory of all substances stored on site, giving
the maximum quantity likely to be stored, with data sheets attached;

o detailing emergency procedures, defining the scope of activities covered, staff
responsibilities and the procedures for dealing with events such as spillages and leaking
containers;

o giving rules on staff training and exercises to be carried out periodically.

All staff and contractors working on the site should be made aware of the plan and should know
their role if an incident occurs.

An exemplary form of such a pollution incident response plan is given in Section 7.4, Annex
IV.

Emergency planning and response is often an issue which needs to be coordinated at the site
level. Sharing resources (e.g. containment systems, emergency materials and equipment,
firefighter teams) and defining shared emergency procedures have important advantages.
Conventions established between operators of a site (see Section 3.1.3) are a way to clarify roles
and responsibilities in this matter.

Achieved environmental benefits
Mitigating the effects on the environment of incidents/accidents.

Cross-media effects
There are no cross-media effects associated with this technique.

Operational data
No information provided.
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Applicability
Applicable to all plants.

Economics
No information provided.

Driving force for implementation
The technique is required by legislation for the plants which have a high potential for pollution.

Reference literature
[ 75, Environmental Alliance (UK) 2000 ]
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3.2  Monitoring
3.2.1 Overview

Monitoring forms a bridge between the inventory/register and operational tools (see
Sections 3.1.5.2 and 3.1.5.3), but is also connected with strategic and safety tools (see
Sections 3.1.5.4 and 3.1.5.5). The bulk of the information provided by inventory tools, e.g. the
stream inventory/register (see Section 3.1.5.2.3), is collected with the help of monitoring
systems and programmes. Probably the most important issue is controlling the proper operation
of production and treatment processes, to check if the environmental targets set are met and to
identify and help to track accidents (incidents).

To measure the effectiveness of an EMS, real data are required on the precise effects of the
activities of the industrial site on the environment as well as on individuals. It is thus necessary
to conduct a planned, regular sampling and monitoring programme. The parameters to be
monitored should include [ 252, Ullmann's 2012 ]:

point sources, diffuse and fugitive emissions to the atmosphere, water or sewer;
wastes, particularly hazardous wastes;

contamination of land, water and air;

use of water, fuels, energy, oxygen, nitrogen and other gases (e.g. argon);

discharge of thermal energy, noise, odour and dust;

effects on specific parts of the environment and ecosystems (see e.g. Section 3.2.2.3);
on-site accidents and near misses;

staff injuries;

transport accidents;

complaints from community residents.

Monitoring, however, is not restricted to analytical measuring. It also includes regular
maintenance, visual and safety checks.

Parallel to this document, a Reference Report on Monitoring of Emissions to Air and Water
from IED installations (ROM) exists to which the reader is referred for further information
[ 101, COM 2016 ]. Monitoring in the context of waste water and waste gas is further dealt with
in Section 3.3.
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3.2.2 Monitoring of emissions to water
3.2.2.1 Monitoring of influent and effluent waste waters of a WWTP
Description

Proper operation of a WWTP requires the monitoring and targeted adjustment of various
process parameters in the influent and effluent of the WWTP. Monitoring of the relevant
parameters can be accomplished by online measurements (that facilitate rapid intervention and
control) or analytical results derived from waste water samples [ 251, Ullmann's 2000 ].
Parameters to be monitored and the frequency of monitoring depend on the characteristics of the
waste water to be treated, the final effluent discharge medium and the waste water treatment
techniques used within the WWTP.

Important parameters are also monitored at the level of each waste water treatment technique
comprising the WWTP to ensure the proper operation of the techniques and the subsequent
treatment steps. This specific monitoring is not described in this section but is generally
addressed, if relevant, in the sections dealing with individual treatment techniques (see
Section 3.3.2.3).

Table 3.3 summarises the information collected from the questionnaires on parameters
monitored in the influent and effluent of the WWTPs. The data collection was restricted to a set
of common parameters and did not include, for example, the common chromatographic
detection of site-specific organic compounds. When data on influent or effluent concentrations
were provided, these data were usually accompanied with some information on the monitoring.
For example, TSS values in the effluent were reported by 76 out of 95 directly discharging
WWTPs, and for 65 (or 86 %) of these some information on the monitoring was provided.
However, this information was often incomplete (e.g. on frequency, sampling regime, or
analytical method used).

The parameters monitored have been grouped into two categories: routinely monitored
parameters and non-routinely monitored parameters. Routinely monitored parameters are the
ones for which data were reported in more than 50 % of the 95 questionnaires analysed. Non-
routinely monitored parameters are the ones for which data were reported in less than 50 % of
the 95 questionnaires analysed. The monitoring frequencies of the parameters have also been
extracted from the questionnaires as provided in Table 3.3. However, the measurement
frequency was not reported in all questionnaires. The monitoring frequency of any parameter
depends on many factors such as the origin of the waste water and type of contamination (e.g. if
the influent waste water contains high AOX levels, then the frequency of AOX measurements
might be higher), the influent load of contaminants (e.g. high concentrations of heavy metals),
type of recipient water body (whether it is a creek or a sea will affect the frequency of
monitoring of a certain parameter), the effluent waste water flow rate compared to the flow rate
of the water body and the monitoring requirements set by the Member States (see also the
Reference Report on Monitoring of Emissions to Air and Water from IED installations (ROM)
[101, COM 2016 ]).

Regarding the monitoring of emissions, they shall be carried out in accordance with EN
standards or, if EN standards are not available, ISO, national or other international standards
which ensure the provision of data of an equivalent scientific quality.
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Table 3.3:  Monitoring regimes reported for the WWTPs
Parameter Frequency
Routinely monitored
Waste water flow | Continuous
pH | Continuous
Temperature | Continuous
Continuous
cob Daily/weekly/monthly
Non-routinely monitored
Continuous
ToC Daily/weekly/monthly
BODs | Daily/weekly/monthly
& Total suspended solids (TSS) | Daily or other
. 1y | Continuous
§ Total nitrogen (TN) (') Daily/weekly/monthly
g Total inorganic nitrogen (Nuore) (1) | Daily/weekly or other
o] Ammonia (NHy-N) | Daily/weekly or other
< Nitrite (NO,-N) | Daily/weekly or other
é Nitrate (NO;-N) | Daily/weekly or other
= Continuous
B Total phosphorus (TP) Daily/weekly/monthly or other
Orthophosphate (PO4-P) (°) | Daily/weekly
AOX | Daily/weekly/monthly
Heavy metals (°) | Daily/weekly/monthly or other
Bacteria toxicity (*) | Daily/monthly
Phenols (*) | Daily/weekly or other
Chloride (°) | Daily/weekly or other
Sulphate (°) | Daily/weekly/monthly
Cyanide(free) (*) | No information provided
Other (%) | Site-specific
Routinely monitored
Waste water flow | Continuous
H Continuous
P Daily or other
Temperature | Continuous
COD | Daily/weekly/monthly or other
BOD; | Daily/weekly/monthly or other
. Continuous
Total suspended solids (TSS) Daily/weekly/monthly or other
& Total nitrogen (TN) (V) | Daily/weekly or other
§ Total inorganic nitrogen (Nipore) () | Daily/weekly or other
= Ammonia (NH4-N) | Daily/weekly or other
< Nitrite (NO,-N) | Daily/weekly or other
g Nitrate (NO;-N) | Daily/weekly or other
= Total phosphorus (TP) | Daily/weekly/monthly or other
£ Orthophosphate (PO,-P) (°) | Daily/weekly
=] Heavy metals (°) | Daily/weekly/monthly or other
E Chloride (°) | Daily/weekly/monthly or other
Non-routinely monitored
TOC | Daily or other
AOX () | Daily/weekly/monthly or other

Toxicity (e.g. fish or fish egg, daphnia, algae,
luminescence) (%)

Monthly or other

Sulphate (*) | Daily/weekly/monthly or other
Phenols (*) | Daily/weekly/monthly or other
Cyanide (free) () | Monthly or other

Other (hydrocarbons, fluoride, etc.) ()

Site-specific

(") Refers only to biological WWTPs.

(%) Corresponding data were only collected during the first survey.

(®) The following heavy metals were asked for in both surveys: Cd, Cr, Cu, Hg, Ni, Pb, Zn. The heavy metals monitored are site-
specific based on the characteristics of the waste water to be treated and the final effluent discharge medium.

(*) Other parameters (e.g. hydrocarbons, fluoride) can be included in the monitoring regime depending on the characteristics of
the waste water to be treated, the type of treatment techniques used and the final effluent discharge medium.

Source: [ 222, CWW TWG 2013 ].
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Achieved environmental benefits

Monitoring of influent and effluent waste water of a WWTP helps to maintain the proper
operation of the WWTP and to detect accidental releases and thus helps to prevent any possible

adverse environmental effects upon discharge of waste waters.

Cross-media effects

Some equipment, chemicals and energy are required for carrying out monitoring. The COD

measurement relies on the use of very toxic compounds (i.e. mercury and chromate).

Operational data

The parameters to be monitored in the influent to, and effluent from, the WWTP and the
frequencies of monitoring depend on the characteristics of the waste water, the final effluent
discharge medium and the type of treatment techniques used.

Table 3.4 gives the monitoring regime of a WWTP from Germany (WWTP #06).

Table 3.4:  Monitoring regime of an example WWTP
Parameter Influent Effluent
Waste water flow Continuous Continuous
pH Continuous Continuous
Temperature Continuous Continuous
TOC Monthly mixed sample 24-h mixed sample, daily
BODs 24-h mixed sample, weekly 24-h mixed sample,
weekly
COD Monthly mixed sample Monthly mixed sample
TSS NM Continuous, as turbidity
24-h mixed sample,
AOX Monthly mixed sample weekly + monthly mixed

sample

Total chromium

Monthly mixed sample

Monthly mixed sample

Total copper

Monthly mixed sample

24-h mixed sample,
weekly + monthly mixed
sample

TN (as N) Monthly mixed sample Total inorganic N

Ammonia (NH4-N) NM 24-h mixed sample, daily
Nitrite (NO,-N) NM 24-h mixed sample, daily
Nitrate (NO3-N) NM 24-h mixed sample, daily

24-h mixed sample,

TP Monthly mixed sample weekly + monthly mixed
sample

Chloride NM 24-h mixed sample, daily

Sulphate NM 24-h mixed sample, daily

+ monthly mixed sample

NB: NM = not monitored.

Source: [ 222, CWW TWG 2013 .

The monitoring regime given in Table 3.4 is specific to the WWTP in question and cannot be

generalised to other WWTPs.

Applicability

Generally applicable to all WWTPs.

Economics

The costs associated with monitoring of influent and effluent waste water of a WWTP relate to
personnel and equipment used for sampling and measurement.
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Driving force for implementation

To ensure the proper operation of the WWTP and to ensure that the required quality of the
effluent waste water from the WWTP is met and in line with the effluent discharge criteria are
the driving forces for the implementation of this technique.

Example plants
All WWTPs have a specific monitoring regime depending on the raw waste water
characteristics, treatment techniques used and the final effluent discharge medium [ 222, CWW

TWG 2013 ].

Reference literature
[101,COM 2016][222, CWW TWG 2013 ][ 251, Ullmann's 2000 ]

3.2.2.2 Toxicity tests

Description

Toxicity tests consist in exposing test organisms to an environment (here an original or diluted
waste water sample) to determine the effects on physiological properties, survival, growth or
reproduction. Different organisms representing distinct trophic levels are used including algae,
bacteria, plants, invertebrates, fish and fish eggs. Toxicity tests are carried out in laboratories
(also called laboratory bioassays) where test organisms (mainly from standardised cultures) are
exposed to waste water that has been transferred to the laboratory.

Table 3.5 presents examples of available standard methods that can be used to conduct toxicity
tests.
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Table 3.5: Example of standard methods that can be used to conduct toxicity tests

Test organisms Standards

EN ISO 8692:2012; Water quality — Freshwater algal growth inhibition test with
unicellular green algae

EN ISO 10253:2006; Water quality — Marine algal growth inhibition test with
Skeletonema costatum and Phaeodactylum tricornutum

EN ISO 10710:2013; Water quality — Growth inhibition test with the marine and
brackish water macroalga Ceramium tenuicorne

EN ISO 11348-1 to —3:2008; Water quality — Determination of the inhibitory
effect of water samples on the light emission of Vibrio fischeri (Luminescent
bacteria test) — Part 1: Method using freshly prepared bacteria, Part 2: Method
using liquid-dried bacteria, Part 3: Method using freeze-dried bacteria

EN I1SO 10712:1995; Water quality — Pseudomonas putida growth inhibition test
(Pseudomonas cell multiplication inhibition test)

Algae

Bacteria I1SO 11350:2012; Water quality — Determination of the genotoxicity of water and

waste water — Salmonella/microsome fluctuation test (Ames fluctuation test)

1SO 15522:1999; Water quality — Determination of the inhibitory effect of water
constituents on the growth of activated sludge microorganisms

1SO 13829:2000; Water quality — Determination of the genotoxicity of water and
waste water using the umu-test

EN ISO 20079:2006; Water quality — Determination of the toxic effect of water
Plants constituents and waste water on duckweed (Lemna minor) — Duckweed growth
inhibition test

1SO 20666:2008; Water quality — Determination of the chronic toxicity to
Brachionus calyciflorus in 48 hours

EN ISO 6341:2012; Water quality — Determination of the inhibition of the
mobility of Daphnia magna Straus (Cladocera, Crustacea) — Acute toxicity test

1SO 10706:2000; Water quality — Determination of long term toxicity of
substances to Daphnia magna Straus (Cladocera, Crustacea)

1SO 20665:2008; Water quality — Determination of the chronic toxicity to
Ceriodaphnia dubia

Rotifers

Crustaceans

1SO 14669:1999; Water quality — Determination of acute lethal toxicity to marine
copepods (Copepoda, Crustacea)

EN ISO 7346-1:1997; Water quality — Determination of the acute lethal toxicity
of substances to a freshwater fish Brachydanio rerio Hamilton-Buchanan

Fish and (Teleostei, Cyprinidae) — Part 1: Static method, Part 2: Semi-static method, Part
fish eggs 3: Flow-through method

EN ISO 15088:2008; Water quality — Determination of the acute toxicity of
waste water to zebrafish eggs (Danio rerio)

In stream bioassays, living organisms (e.g. fish) are placed into the water stream to be studied
(e.g. in cages upstream and downstream of effluent discharges). Stream bioassays are at an
experimental stage.

The use of toxicity tests is less comprehensive than whole effluent assessment (WEA, see
Section 3.2.2.3) which also includes persistence and bioaccumulation.

Achieved environmental benefits

Toxicity tests allow for an integrated assessment of the properties of a waste water sample
(including synergistic/antagonistic effects) that cannot be achieved by analysing single
substances or other chemical sum parameters. They provide the basis for measures to control
pollution and to minimise the ecotoxic impact of waste water effluents.

Cross-media effects
Some equipment, chemicals and energy are required for carrying out toxicity tests. Some
toxicity tests affect animal welfare (e.g. toxicity tests using fish).
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Operational data
There is a lot of experience with toxicity measurements and two different procedures are usually
applied for the evaluation of toxicity data:

. Response concentration. The ECx/LCx (effect/lethal concentration) approach using
statistical data analysis where at least five data pairs of concentration/response between
0% and 100 % response are needed. Typical results are ECsy, EC,y or EC, the
concentration that has a particular effect on 50 %, 20 % or 10 % of the population. The
ECx/LCx methodology is usually applied to single substances. However, dilution values
for a water sample representing a given response level can in principle also be obtained
from the LID approach (see below) as described in ISO TS 20281 [ 100, ISO 2006 ].

o Threshold concentration. The concentration having no statistically significant adverse
effect is the no observed adverse effect concentration (NOAEC). In the case of waste
water, the concentration of the substance(s) is generally not known. The LID (Lowest
Ineffective Dilution) approach therefore uses dilutions of the original waste water with
defined ratios of sample and dilution water until no effects are observed. A statistical
evaluation of the concentration/response relationship is not necessary, because a yes/no-
type decision is made with regard to the defined effect level described in the respective
standard (usually 10 % or 20 % effect in comparison to test control). This makes the test
design concerning the test concentrations easier. Statistical requirements for the
calculation of EC values are often not met for moderately toxic samples. LID values are
used for monitoring the total waste water effluents of many German chemical sites [ 105,

COM 2006 ].

Toxicity data may also be expressed as toxic units (TU), an acute toxic unit TU, being
100/ECsy, and a chronic toxic unit TU, being 100/NOAEC or 100/EC,.

Chronic toxicity tests are less widespread than acute toxicity tests and short-term chronic tests
are to be preferred in order to avoid any possible change in the characteristics of the effluent
during the test [ 146, TOTAL 2009 ].

Toxicity tests are generally used in at least five EU Member States for setting emission limit
values (ELVs) [ 139, COHIBA 2010 ]:

. Germany: Five different toxicity tests are used in combination for all chemical sites (fish
egg, daphnia, algae, luminescent bacteria, genotoxicity). These tests have been in use
since 1999. Toxicity tests with fish were already used since the late 1980s [ 65, OSPAR
2000 ][ 105, COM 2006 ][ 135, LANUV NRW 2009 ].

o Ireland has mandatory ELVs in terms of toxicity units for direct discharges from IED
plants. Toxicity tests may also be required for indirect discharges.

o Austria has mandatory ELVs for toxicity for several subsectors of the chemical industry.
Up to four toxicity tests are used in combination (fish, daphnia, algae, and luminescent
bacteria).

o Lithuania requires effluents entering surface waters to pass acute daphnia tests.

o Italy has obligatory acute toxicity tests (e.g. with daphnia, algae or luminescent bacteria).

The legal consequences of exceeding an emission limit value are, however, less stringent
than for other parameters.

Furthermore, other EU Member States sometimes use toxicity tests in permits: Flanders
(Belgium), Denmark, Finland and Sweden.

In the course of the last twenty years, biomonitoring in Germany resulted in thousands of biotest
data from the chemical industry. Recent results can be found in [ 135, LANUV NRW 2009 ].
Earlier statistics can be found in the LVOC BREF [ 104, COM 2003 ].
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Experience of some years shows that [ 105, COM 2006 ]:

. generally, the data derived from using different test species (algae, daphnia, bacteria, fish
eggs) complement each other;

. even at a larger complex production site, it is usually technically possible to identify the
cause of residual acute toxicity and to minimise the effects;

. the sampling frequency should correspond to the frequency of changes in the production

spectrum (in the given example [ 105, COM 2006 ], 20 samples were tested per year).

Applicability

Toxicity tests are especially applicable where other parameters indicate variations in the
performance of the biological WWTP or where toxicity is already identified as a major concern
due to the production spectrum (e.g. biologically active ingredients).

This technique is generally applicable to identify situations where a production site has an
inherent toxicity problem which is not easily identified by the observation of other parameters.

The monitoring frequency for toxicity tests may be based on a risk assessment, after an initial
characterisation.

Toxicity tests are rarely carried out online. The time needed to obtain the results, typically
between 24 hours and 96 hours, does not allow the waste water treatment to be directly
controlled.

Economics
Economic factors include:

. costs for sampling and measurements;
. high value of the obtained information.

Driving force for implementation
Reducing the residual acute toxicity in effluents is the driving force for implementing the
technique.

Example plants
Toxicity tests of waste water effluents are used at chemical sites in a number of EU Member
States.

Reference literature
[ 65, OSPAR 2000 ] [ 100, ISO 2006 1 [ 104, COM 2003 ][ 105, COM 2006 ] [ 135, LANUV
NRW 2009 1[ 139, COHIBA 2010 ][ 146, TOTAL 2009 ]

3.2.2.3 Whole effluent assessment (WEA)

Description

Chemicals which are persistent, liable to bioaccumulation and/or toxic (PBT) are of specific
concern to the aquatic environment. WEA aims at estimating the persistency, bioaccumulation
potential and toxicity of waste water as a whole. In contrast to this, the substance-orientated
approach focuses on measuring hazardous substances that have been selected and prioritised
using the PBT criteria.

The aim of WEA is to assess the possibly hazardous character of effluents, which would be
insufficiently controlled when relying only on the physical and chemical indications provided
by the conventional environmental variables (e.g. TOC, COD) or by limits set on individual
chemicals.
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The advantages of using WEA are as follows:

o All waste water compounds are considered regardless of their origin. The compounds do
not necessarily need to be identified. Side products and metabolites are assessed as well.

o Toxic effects on aquatic organisms are directly displayed; combined/synergistic effects of
several compounds are also considered.

. The sources of hazardous effluents (production steps or hot spots) inside industrial areas

can often be identified (backtracking).

Generally, WEA can be used as a tool within an EMS (see Section 3.1.2). WEA can be one of
the measures used in an effluent stream inventory/register as described in Section 3.1.5.2.3.

Achieved environmental benefits
WEA allows for a way to monitor complex and variable waste water effluents including the
possible synergistic effects of chemicals.

Cross-media effects
Some equipment, chemicals and energy are required for carrying out WEA. Some toxicity tests
affect animal welfare (e.g. toxicity tests using fish).

Operational data

Test methods and test sequences

The methodology of WEA is aimed at determining possible adverse effects of effluents and
addresses basically the same effect measurements (PBT) that are used in a substance-orientated
approach.

Persistence is typically studied in 28-day biological degradability tests, and gives information
on whether the biotreatment already given is adequate or whether such treatment should be
considered for untreated waste water. It is often quantified by measurements of dissolved
organic carbon (DOC), but CO, evolution is an alternative and there are others (see I[SO/TR
15462:1997 Water quality — Selection of tests for biodegradability). Furthermore, if followed by
toxicity tests, an indication of the potential for the reduction of toxicity is given.

Liability to bioaccumulate is often measured (both before and after biodegradation) by chemical
analysis showing a partition of an extract of the sample between water and a less polar phase
(liquid/liquid extraction (LLE)), alternatively directly extracting the sample with a solid phase
polymer (solid-phase microextraction (SPME)). Quantification is done by gas or liquid
chromatography.

Toxicity tests are described in Section 3.2.2.2. The advantage of using toxicity tests over
chemical analyses of single substances is that the hazardous properties of the water samples are
determined in an integrated manner and interactive/synergistic effects which may occur in the
presence of several pollutants are directly accounted for. In some cases, toxicity tests could be
quicker and cheaper than extensive chemical characterisation associated with ecotoxicological
characteristics and thereby simplify regulation.

The application of WEA presents challenges for the scientific community. They include the
following:

o A dominating focus on the toxicity component of PBT in combination with a lack of
agreement on standardised tests for bioaccumulation and persistence.
o The protection of sediments is taken into account in WEA thanks to the PB substances

that are likely to adsorb on sediments; the food chain exposure is taken into account in the
bioaccumulation tests. Some methods are under standardisation in ISO to assess adverse
effects on soil (e.g. determination of fresh water sediment chronic toxicity to
Heterocypris incongruens; determination of the toxic effect of sediment and soil samples
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on growth, fertility and reproduction of Caenorhabditis elegans; determination of the
toxic effect of sediment and soil on the growth behaviour of Myriophyllum aquaticum).

. Finding laboratories that are competent to routinely run WEA tests. The availability of
the laboratory is an issue because the effluent samples refrigerated for 24 hours must be
tested as soon as they arrive at the laboratory; the effect of freezing on effluent
bioaccumulation, persistence and on acute and chronic toxicity cannot be disregarded
[ 146, TOTAL 2009 ]. Good planning and coordination between the operator of the
installation and the laboratory is key to the successful application of WEA tests.

It is therefore important to communicate the results of WEA testing with an adequate account of
the effluent sampling, applied test methods, and the statistical analyses applied to the data.
Further agreement on such issues has been reached in the last decade, however work is still
required in particular concerning bioaccumulation and degradability methods.

Applicability
Below, the reader will find the potential applications of WEA divided into sections with a brief
description of each.

Regulations or guidance on effluent ecotoxicity

Some jurisdictions set numerical ecotoxicity criteria in discharge permits, while others use
ecotoxicity data as a planning and assessment tool (see Section 3.2.2.2). Establishing ecotoxicity
criteria ensures consistent evaluation of effluents: enforcement or management action is usually
taken only when the effluent repeatedly fails the ecotoxicity criteria. Alternatively, less formal
approaches to using ecotoxicity data can reduce uncertainties about the risks of effluent
discharge by complementing conventional chemical effluent data. In addition to ecotoxicity
data, evaluations of persistence and bioaccumulation can be used in the same way [ 35, De

Maagd 2000 ].

Ranking the environmental risk of discharges to an aquatic system
WEA can be used to evaluate relative risks posed by multiple discharges with the objective of
prioritising attention where it is needed.

Toxicity identification/reduction evaluations (TIE/TRE)

TIE/TRE are used to determine why an effluent is toxic and what can be done to reduce that
toxicity to an acceptable level. TRE can be defined as site-specific studies conducted in a step-
wise procedure designed to [ 27, US EPA 1991 |:

identify the substance causing effluent toxicity;

isolate the source of toxicity;

evaluate the effectiveness of toxicity control options; and
confirm the reduction in effluent toxicity.

TIE are defined as a set of procedures that identify the specific substance responsible for
effluent toxicity (they might be a subset of tools used in TRE). Reduction of toxicity to an
acceptable level may be accomplished through the identification and control of the source of the
toxicity or identification and implementation of a treatment strategy that reduces toxicity to an
acceptable degree. TIE/TRE can range from very simple to highly complex means and they
provide a logical process for operators to address a significant toxicity issue. TRE can guide the
efforts of treatment engineers to focus on the minimisation of costs for effluent improvements.
By convention, TIE/TREs evaluate 'toxicity', but elements of both persistence and
bioaccumulation could be an addition to the process (e.g. PIE/PRE or BIE/BRE).

Prioritisation of waste water treatment measures

Identification/reduction evaluations (as described above) can be used to predict the effectiveness
of various waste water treatment measures and rank their contribution to a reduction of effluent
hazards. For example, toxicity test data can give an integrated measure of proposed waste water
treatment improvements (e.g. toxicity testing of effluents from pilot-scale treatment plants).
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This kind of information helps decision-makers to get the most value for their investment in
waste water treatment.

Judging effectiveness of treatment improvements

Once a facility has upgraded its waste water treatment system, toxicity and other testing of the
effluent over a period of operation can be used to evaluate the improvements to the treatment
over time.

Backtracking of effects observed in receiving environments

If environmental conditions in the receiving environment show negative impacts, WEA (often at
a range of concentrations to match dilution in the receiving environment) can be used to try to
establish cause and effect. For example, the hypothesis that poor benthic community quality is
caused by an effluent discharge could be tested using carefully designed WEA. In addition,
methods for effluent assessment can be used to evaluate the receiving environment quality,
allowing a direct comparison between the effluent and the recipient water. This is recommended
procedure in some countries.

Site-specific hazard/risk assessment

As demonstrated in the examples above, WEA might be used to support decisions on BAT in a
number of practical ways. Each jurisdiction can decide which combination of applications will
suit its effluent control policies and practices. Whether strictly emission-based or combined with
a water quality-based approach, WEA supports most approaches to effluent discharge
management.

WEA is used both within and outside the EU. One of the main differences between the
approaches used by each country is the combination and types of tests that are used
(toxicity/genotoxicity, persistence and/or bioaccumulation). In the EU, WEA implementation in
a regulatory context is still developing and is mostly focused on toxicity tests (see
Section 3.2.2.2).

In Sweden, effluent characterisation (including WEA) is used to assess whether the effluent
treatment for a particular operation is adequate. This is usually done as a check on new
production units (in-process and end-of-pipe installations) that have been online for some time
as part of the permitting process. This approach, however, can be used at any time to assess the
need for further installations.

On a broader European scale, OSPAR (Oslo and Paris Convention for the Protection of the
Marine Environment of the North East Atlantic) took up the issue of the ecotoxicological
evaluation of waste water as a means of assessing effluent quality through the Point and Diffuse
Sources Group (PDS) in 1994. In November 1999, the German Federal Environment Agency
drafted a background document on the use of WEA in waste water evaluation [ 65, OSPAR
2000 ]. Subsequently, an intersessional expert group (IEG) worked for several years developing
WEA within the context of OSPAR's Hazardous Substances Strategy [ 129, OSPAR 2007 ].

Availability of laboratories to conduct tests in WEA may be a limitation to the use of the
technique.

Economics
For a complex effluent, WEA is expected to be less expensive than comprehensive chemical
and ecotoxicological analyses on the substances present in the effluent.

Substance by substance analysis will often be preferred for processes with few substances, or
where there is no chemical reaction involved (typically blending, such as paint manufacture),
whereas WEA is normally the first choice for chemical processes. It may well be augmented by
analysis of specific known substances, especially hazardous ones. Indications on how to use
WEA in a cost-effective manner can be found in [ 130, OSPAR 2007 ].
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Driving force for implementation

WEA provides an additional and more direct means of assessing the potential impact of
effluents on the aquatic environment and is playing an increasing role in the regulation of
discharges, supplementing or sometimes replacing the common measurements of effluent
quality in environmental monitoring and risk assessment. In Germany, toxicity tests are
routinely used (i.e. LID approach, see above as well Section 3.2.2.2) for monitoring total water
effluents [ 135, LANUV NRW 2009 ][ 105, COM 2006 ].

With WEA test methods, an indication of the environmental significance of a complex effluent
can be determined. This is usually quicker and cheaper than extensive chemical characterisation
and thereby simplifies regulation.

Example plants

. Chemical manufacturing site of pharmaceutical ingredients, Germany [ 132.CEFIC 2009]
and several other chemical installations (e.g. OFC plants) in Germany [ 135, LANUV
NRW 2009 ][ 105, COM 2006 ].

. Chemical installation producing intermediates for the pharmaceutical industry in the
Netherlands [ 133, ECETOC 2004 ].
. Conglomerate of many petrochemical and raw material-producing plants in the

Netherlands [ 133, ECETOC 2004 1.

Reference literature

[27, US EPA 1991] [ 35, De Maagd 2000 ] [ 65, OSPAR 2000 ] [ 105, COM 2006 ] [ 128,
Unden 2009 ][ 129, OSPAR 2007 ][ 130, OSPAR 2007 ] [ 132, CEFIC 2009 ][ 133, ECETOC
2004 1[ 135, LANUV NRW 2009 ][ 146, TOTAL 2009 ]

3.2.3 Monitoring of emissions to air
3.2.3.1 Waste gas emission quantification
Description

The waste gas emissions from some sources may have different causes, and therefore the
emissions resulting from each cause may need to be evaluated separately to quantify the
aggregate emissions through this source. Furthermore, source reduction will mean concentrating
on the cause of emissions rather than on the source through which they are emitted.

Emission quantification by source

To prepare a waste gas inventory/register, emissions from all potential sources have to be
quantified. This can be done either by estimation, calculation or measurement according to the
type of emission and its relative importance to total waste gas emissions. Some emissions are
best estimated by output source, others by cause of emission. In particular, uncaptured (or
diffuse) emissions are very difficult to measure (see Section 3.5.4). They require quantification
by contributing cause.

The examples below are offered by way of illustration.

. The emission from a product (normally VOCs) can be estimated, when the gaseous
content of the product is known. The amount of solvent contained in the product, for
example, is well-defined, and quantities sold or recovered are also known (see the OFC
BREF for an example [ 105, COM 2006 ]).

. If gaseous substances are contained in waste, their content needs to be measured, or
otherwise be defined to calculate the quantity that could be emitted. This will also depend
on the method used for the disposal of the waste.

148 Common Waste Water and Waste Gas Treatment/Management Systems in the Chemical Sector



Chapter 3

o Ducted emissions to the atmosphere can be quantified by adequately measuring the
airflow rate and waste gas concentration (preferably at different stages of the process).
This measurement can, however, be relatively expensive and can be complicated by
access difficulties, presence of water vapour or particulate matter, or other circumstances,
and may represent only a snapshot of a situation which often varies over time. A
calculation method is therefore usually preferred where measurement is not feasible. This
possibility depends on the cause of the emission. For example, if a ducted emission is
produced by the evaporation of a solvent in a drying operation (VOC emission), it is
normally easier to calculate the quantity of solvent evaporated by measuring the solvent
content in the product before drying, whereas pollutants in flue-gases (NOy, SOy, etc.) or
hazardous pollutants require measurement in the stack.

. Quantities not abated in an abatement system can be calculated if the quantities sent to the
abatement system are known and the abatement efficiency is known (however, because
abatement efficiencies may vary, regular checks by measurements might be needed).

. Uncaptured emissions are, by nature, difficult and often expensive to measure and
frequently need to be evaluated by considering the causes of the emissions and the related
evaluation methods detailed below. Nevertheless, before abandoning the possibility of
measuring, an evaluation of its feasibility should be made.

Emission quantification by cause

A quantification of the emissions based on their cause might often prove to be the only practical
solution, particularly for uncaptured emissions, but often also for ducted emissions. Several
methods exist to perform these calculations. All calculation methods provide estimates, which in
some cases indicate only the order of magnitude.

Process emissions quantification needs to be based on a detailed understanding of the process
that is taking place. In many cases this provides a fairly accurate evaluation of the emitted
quantity, which may sometimes need to be confirmed by measurements. In performing these
calculations and measurements, care should be taken to account for the variability that may be
inherent in the process. This may be a time variability: in batch processes, the amount emitted
typically varies as the batch processing progresses; or a grade variability: different grades of
products emit different quantities. Calculations need to reflect these, and when measurements
are performed, the operating conditions during each measurement have to be recorded carefully,
and also measurements have to be made in sufficient number to account for the full range of
variability. A yearly material balance needs to take the actual yearly production into account to
properly reflect the grade effect.

Examples of quantification of emissions are given below:

. Storage tank emission calculations can be based on the methodology developed by the
United States Environmental Protection Agency (US EPA) [ 29, US EPA 1995 ]. The
calculations are cumbersome and require knowledge of some meteorological data that can
be obtained from the local meteorological institute. Significant storage emissions can be
generated from aboveground atmospheric tanks. However, breathing losses from
underground tanks or tanks with a pressure set higher than atmospheric are significantly
reduced. Working losses depend on the number of turnovers per year (i.e. how many
times the volume of the tank is filled/emptied during the year) and are low for low
turnover. If vapour balancing is applied during tank filling, the working losses are
eliminated. Therefore, in many facilities, the storage emissions are low compared to the
other emissions. If detailed calculations are required, the 'AP 42 Compilation of Air
Pollutant Emission Factors' or the TANKS computer tool [ 30, US EPA 1999 ] developed
by the US EPA, which is a computerised version of the US EPA calculation method, can
be used. Further techniques to calculate emissions from storage tanks are described in the
EFS BREF [ 113, COM 2006 ].
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Emissions from handling can be calculated assuming a vapour content of the air
exhausted from the container which is loaded depending on the vapour pressure of the
product being loaded at the loading temperature, multiplied by a saturation factor. The
saturation factor depends on the method of loading, and represents the degree of
saturation achieved on average in the vapour space during the loading. Saturation factors
for road tankers of BLCs are [ 13, CEFIC 1999 ]:

° submerged loading in a clean cargo tank: 0.5;

° submerged loading in a wet cargo tank (dedicated service): 0.6;

° splash loading: 1.45;

° a factor greater than 1 represents over-saturation caused by liquid droplets being

expelled with the vapour.

Equipment leak emission calculations rely on methods developed by the US EPA and
vary from simple (based on counts of leak points and average emissions per point) to
complex (based on correlations between a measured ppm concentration at the leak
interface and a leak rate specific to the type of equipment considered). An additional
description is provided in the US EPA-453 Protocol [ 79, US EPA 1995 ], which is also
detailed within the IMPEL project entitled 'Diffuse VOC Emissions' [ 81, IMPEL 2000 ].
These calculation methods provide rough estimates of actual emissions, and usually a
more sophisticated calculation method will yield lower results. Calculations based on
equipment counts are the only ones not requiring measurements with an organic vapour
analyser at each potential leak point. For small plants or plants handling low amounts of
VOCs, such calculations can be used to provide a first indication of the order of
magnitude of the fugitive emission. If these calculations show that emissions are indeed
low and the benefit of LDAR would be small, no further action is required. If the
equipment leak emissions become significant, a monitoring and maintenance programme
(also called leak detection and repair or LDAR (see Section 3.5.4.4)) should be
implemented, entailing the measurement of each potential leak point and the opportunity
for repair of any leaks discovered. This work requires skill in performing the
measurements and recording them in a database.

Emissions caused by start-up, shutdown and maintenance operations need to be taken into
account. These depend heavily on the operating procedures. No widely accepted method
exists to estimate these emissions. They can, however, become significant in batch
operations with frequent opening/closing of vessels. In these cases, a possible approach is
to set up a measurement campaign to quantify the emissions linked to each operating step.
However, because measurements can prove difficult to carry out for batch operations
(because emissions might not be constant) calculations might be performed using
methodologies such as the one contained in [ 229, US EPA 2007 ].

Accidental emissions should not occur. Since they do happen, however, the related
material (e.g. solvent) losses should be reflected in a material balance (see also
Section 3.1.5.2.4). It is recommended that these incidents be tracked and a record kept of
the estimated quantity emitted during each event.

Achieved environmental benefits
Waste gas emission quantification is used to derive strategies to tackle emissions to air in a
more efficient way and finally achieve reductions in overall emissions to air.

Cross-media effects
No cross-media effects are considered to be of importance.

Operational data
No information provided.

Applicability
The technique is generally applicable.
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Economics
No information provided.

Driving force for implementation
Reducing the environmental footprint of the installation as well as recovering valuable material
are the main driving forces for the implementation of the technique.

Example plants
No information provided.

Reference literature
[ 13, CEFIC 19991 [ 29, US EPA 199571 [ 30, US EPA 19991 [ 79, US EPA 19957 [ 81,
IMPEL 2000 ][ 105, COM 2006 ][ 113, COM 2006 ][ 229. US EPA 2007 ]

3.2.3.2 Diffuse VOC emissions

The monitoring of diffuse VOC emissions is described in Sections 3.2.3.1, 3.5.4.4 and 3.5.4.5.

3.2.3.3 Odour emissions

The monitoring of odour emissions is described in Section 3.5.5.3.
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3.3 Emissions to water

3.3.1 Water usage and waste water generation
3.3.1.1 Overview
Description

Some important — and normally easily retrofittable — production-integrated measures relevant to
waste water are described below. Their introduction, e.g. as water saving measures, however,
has to be carefully assessed. Though their influence is normally environmentally beneficial, they
might under specific circumstances lead to negative impacts on other environmental
compartments that might overshadow the benefits of water conservation or pollutant decrease.

Items to consider include:

. the knowledge and control of water consumption, by using water meters for example;
. the segregation of waste water streams (see Section 3.1.5.3.5.2);
. the development of strategies to minimise (fresh) water consumption and waste water
arising in the production process(es) [ 98, Biener et al. 1999 ], such as:
° process alteration, which might lead to a reduction of water required, e.g.
substitution of air cooling for water cooling;
° direct waste water recycling, i.e. reuse of slightly contaminated waste water in

other processes not influenced by these contaminants, which results in a reduction
of fresh water and waste water without changing the contaminant load;

° pretreatment of waste water and subsequent reuse (in the same or in another
process), which results in the reduction of fresh water, waste water and load of
contaminants;

° washing at high pressure and at a low flow rate;

° implementing multiple use and recirculation operations (see Section 3.3.1.4);

° using indirect cooling of vapour phases (see Section 3.3.1.5);

° using water-free vacuum generation (see Section 3.3.1.6);

° using solvents as the ring medium in vacuum pumps (see Section 3.3.1.7);

° closed-cycle liquid ring vacuum pumps (see Section 3.3.1.8);

° countercurrent product washing (see Section 3.3.1.12);

° using Cleaning-In-Place (CIP) systems;

. the challenge of waste gas abatement techniques (e.g. wet scrubbers, bioscrubbers,

refrigerators with water cooling, wet cyclones, wet electrostatic precipitators) regarding
their fresh water consumption and, if possible, avoiding it when the availability of fresh
water is a limiting factor or when the receiving water is sensitive to disturbances (see
Section 3.3.1.9).

The procedure for the reduction of water consumption and waste water generally follows the
pathway illustrated in Figure 3.5.

As a first step, a balance of water and the main contaminants that might prevent its direct reuse
is carried out (see Section 3.1.5.2.4). Some specific slightly contaminated process waters can be
reused, e.g. rinsing water from ion exchangers (see Section 3.3.2.3.4.11) can be used in waste
gas scrubbers (see Section 3.5.1.2.4). When the data collection from the waste water
inventory/register (see Section 3.1.5.2.3) has not delivered consistent data, a subsequent data
reconciliation is necessary, combined with additional elaborated measurements.

Based on the stationary mass balances, various options to minimise water consumption can be
developed and evaluated for operability. To minimise the amount of waste water, it might be
useful to collect and mix streams from several different production processes and recycle the
complete mixture (see Section 7.3, Annex III for an example).

It must, however, not be overlooked that the enrichment of pollutants that cannot be removed by
internal abatement or purification techniques may confine water reuse into water cycles.
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Source: Adapted from [ 98, Biener et al. 1999 ]

Figure 3.5: General procedure to reduce water consumption and waste water

Achieved environmental benefits
The achieved environmental benefits include:

o reduction of water consumption;

o reduction of pollutants released to water;

o by concentrating the pollutants in the waste water, the efficiency of treatment is
increased.

Cross-media effects
There may be some cross-media effects depending on the concrete measures taken to reduce
water usage (e.g. use of solvents, consumption of energy).

Recycling processes often generate risks for the quality of the recycled water (e.g. increase of
the pollutant concentration). An upset in a waste water treatment process used prior to recycling
may require another source of water to be used temporarily.

Operational data
No information provided.

Applicability
The reduction of water usage and waste water discharge is generally applicable.

Economics
No information provided.

Driving force for implementation
Reducing the environmental footprint of the installation as well as reducing costs are the main
driving forces for the implementation of the technique.

Example plants
No information provided.

Reference literature
[ 98, Biener et al. 1999 ]
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3.3.1.2 Countercurrent extraction

Description

Conventional product washing processes are multiple extractions working batch-wise by
treating the product phase with water in order to remove salts or other minor soluble
compounds. The amount of water used is generally several times the amount of product to be
washed. At each individual extraction step there are unavoidable losses of product caused by its
solubility, emulsification and the formation of solid layers at the phase boundary, etc.

By optimising the extraction process, and/or introducing advanced extraction processes, such as
countercurrent extraction, a considerable reduction of waste water (and waste) can be achieved.
A simultaneous increase of pollutant concentration might allow an easier and/or more effective
treatment, or, under special circumstances, recycling of material.

Achieved environmental benefits
Achieved environmental benefits of countercurrent extraction are:

. reduction of fresh water usage;
. reduction of the amount of waste water treated;
. more efficient treatment of pollutants and, potentially, material reuse/recycling.

Cross-media effects
Some raw materials and energy are consumed for the additional equipment and for pumping
larger volumes compared to simple batch-wise extraction.

Operational data
The degree and method of optimisation depends on the production capacity and on the
frequency of production runs.

Applicability

Countercurrent extraction can be tailored to a particular production process. For plants dealing
with small outputs, pilot-scale productions or seldom-used campaign productions, other
processes are more suitable.

Economics
Countercurrent extraction is cost-effective specifically for high-production plants or for plants
producing high-value outputs.

Driving force for implementation
Cost benefits and reduction of water consumption.

Example plants
Example plants using countercurrent extraction can be found in the OFC sector [ 105, COM

2006 1.

Reference literature
[ 105, COM 2006 ]
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3.3.1.3 Reactive extraction

Description

Organic acids can be selectively extracted from aqueous solutions after pH adjustment with a
suitable organic base dissolved in hydrocarbons. The base can be for example a tertiary amine.
The acid and base form a stable complex compound in the organic phase. After phase
separation, the complex is split by the addition of aqueous NaOH and the acid can be obtained
as a sodium salt. The base and hydrocarbons are used in a closed cycle.

Achieved environmental benefits
The achieved environmental benefits include:

o the recovery of valuable raw material or product;
o the reduction of organic waste water load.

Cross-media effects
No cross-media effects are believed to be likely.

Operational data
Operational data depend on the separation target.

Applicability
The technique is generally applicable for organic acids.

Other applications include

o phenols and bisphenols with 5 % trioctylamine in Shellsol AB;

o mercaptobenzothiazole with 20 % trioctylamine in Shellsol AB;
o metal cations with classic complexing/chelating agents.
Economics

The technique is lucrative/economically appealing if the recovered raw material or product is
pure enough for further processing and waste water treatment costs are reduced.

Driving force for implementation
Driving forces for implementation include:

o the recovery of raw material or product;
o the reduction of waste water treatment costs;
o the reduction of waste water charges.

Example plants
No information provided.

Reference literature
[ 105, COM 2006 ].

3314 Multiple use and recirculation operations

Description

A distinction has to be made here between waste water originating directly from production
(e.g. reaction water, distillates, washing water, filtrates) and waste water originating from
equipment cleaning (e.g. during maintenance, rinsing of blockages or product caking, cleaning
of multi-purpose equipment because of campaign or product change).
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The reuse of water from washing, rinsing and equipment cleaning, has, in addition to the
reduction of waste water load, the advantage of product recovery and increase of product yield,
provided the water is recirculated into the production process itself. This requires facilities for
collection, buffering or the storage of waste water, which might be a limiting factor.

Other possibilities exist to recirculate effluents to the process instead of discharging them:

. rainwater can be collected and used for scrubber feed for example;
. recirculation of condensates.

Achieved environmental benefits
Achieved environmental benefits of the technique are:

. reduction of fresh water usage;
. reduction of the amount of waste water treated;
. material reuse/recycling.

Cross-media effects

Where effluent stream treatment is required for recirculation, this will result in additional energy
and material consumptions (and costs) that could be large enough to negate the benefits of the
eventual recirculation. Such an assessment will depend greatly upon local detailed
circumstances.

Operational data

Specific treatment steps to remove interfering constituents can improve the efficiency of a
recirculation operation. Thus, for example, neutralisation (see Section 3.3.2.3.2), stripping (see
Section 3.3.2.3.4.17) or filtration (3.3.2.3.3.6) of process water streams can enable water to be
reused, e.g. as raw water or utility water supply.

Applicability
The applicability of the technique largely depends on the specific production processes and the
product specifications.

The reuse of process water (make-up water, mother liquors) is possible when constituents such
as side products or salts do not adversely affect the quality of downstream productions. In fact,
in multiple stage product washing, washing water streams can frequently be used as make-up
water, or as input water into a preceding washing step.

Multiple use and recirculation are usually much easier if the water is not in direct contact with
the products.

Economics
Costs will increase if interim effluent treatment is required. Cost savings result from a lower
fresh water use.

Driving force for implementation
Particular driving forces include:

. lack of availability of effluent discharge outlets, e.g. restricted by legislation or local
circumstances;

. dry climates where water supply may be limited;

. economic aspects (e.g. due to lower charges/fees paid for fresh water use or due to

product recovery and increase of product yield).

Example plants
Recycling of waste water after biological treatment and membrane filtration at a German plant
producing polymers [ 106, COM 2007 ].

Reference literature
[ 106, COM 2007 ]
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3.3.1.5 Indirect cooling of vapour phases

Description

The injection of water into a gaseous phase is used to cool or condense vapours. The direct
contact of water with vapour phases, however, generates large amounts of waste water polluted
by the vaporous contaminants. Introduction of surface heat exchangers instead of injection
condensers/coolers prevents the generation of polluted cooling water streams, the pollutants
remaining in the condensate. So, indirect cooling/condensing leads to water saving. To give
some idea of the potential savings, it takes approximately 27 m’ of water to cool one tonne of
steam down to 35 °C (the temperature generally accepted as an upper limit for discharge). With
indirect cooling, this amount is run in a cooling cycle [ 22, BMU/LAWA 2000 ] replacing only
water lost by evaporation.

Achieved environmental benefits
Achieved environmental benefits of the technique are:

° reduction of the amount of waste water sent for treatment;
o reduction of fresh water usage.

Cross-media effects
Cross-media effects include energy consumption and replacement of water lost by evaporation.

Operational data

Water saving effects are decreased when entrained particles, sublimating material, crystals or
caked matter coat the heat exchange surfaces, or plug the spaces between the exchange surfaces,
so they need regular maintenance.

Applicability
There are, however, processes where a conversion to indirect cooling is not appropriate [ 22,
BMU/LAWA 2000 ] such as the cases given below.

o Where crystallisation stirs a liquid organic phase vigorously together with warm or hot
water, and then the temperature is brought down rapidly below solidification temperature
by adding ice or cold water (‘temperature shock'). The goal of this procedure is to get a
filterable suspension without lumps or clots.

o Where the diazotisation of amines is used, keeping the temperature at a constantly low
level by the addition of ice to prevent thermal decomposition of the diazonium compound
as well as its deposition on equipment, which otherwise would mean a considerable risk
of explosion.

o Where hot gas streams are quenched by the injection of cold water into the gas stream to
decrease its temperature so effectively and rapidly that reactions in the gas stream are
prevented (e.g. recombination reactions in flue-gas from combustion processes resulting
in the generation of PCDDs/PCDFs) and simultaneously abating one of its pollutants (e.g.
HCI).

Economics
No information provided.

Driving force for implementation
Using indirect cooling enables the saving of water and the reduction of the amount of waste
water.

Example plants
No information provided.

Reference literature
[ 22, BMU/LAWA 2000 ]
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3.3.1.6 Water-free vacuum generation

Description

Water-free vacuum generation can be achieved by using mechanical pumping systems in a
closed circuit procedure, discharging only a small amount of water as blowdown, or by means
of dry running pumps. This discharge amounts to less than 5 % of that of the once-through
system [ 22, BMU/LAWA 2000]. In some cases, water-free vacuum generation can be
achieved by use of the product as a barrier liquid in a mechanical vacuum pump, or by use of a
gas stream out of the production process.

Achieved environmental benefits
Prevention of water contamination in vacuum generation is an achieved environmental benefit
of water-free vacuum generation.

Cross-media effects

In selecting the proper process for water-free vacuum generation, account needs to be taken of
the potential problems, particularly with respect to corrosion, tendency to cake, explosion risk,
plant safety and operational reliability.

Operational data
No information provided.

Applicability

Whether water-free vacuum generation is possible has to be determined in each particular case.
Appropriate limitations have to be considered, especially in the case of mechanical vacuum
pumps with a closed cycle, such as liquid ring pumps, rotary sliding vane pumps or diaphragm
vacuum pumps. Here, for example, vapours can decrease the lubricity of the oil.

Provided that gas condensation in the pump is prevented, e.g. by high gas outlet temperature,
dry running pumps are an attractive option when solvents are to be recovered, or when a high
vacuum is necessary. These pumps cannot be employed if the gas stream contains large amounts
of condensable (e.g. water vapour), dust-forming or coating material. The use of dry running
pumps is restricted when the gas stream contains corrosive substances and it is also usually
restricted to some temperature classes.

Economics
A dry vacuum pump investment is much higher than that of a water ring vacuum pump but on a
long-term basis the total cost can be balanced because of the cost to treat the liquid ring water.

As an example, at an OFC plant, three water ring pumps were replaced by two new dry running
vacuum pumps. Operating costs of the old and the new installation are shown in the OFC
BREF. The investments in the new vacuum generation technique including safety equipment
and installation were net EUR 89 500 (DEM 175000 in 1999; fixed currency conversion rate
from January 1999 onwards: EUR/DEM = 1.956). The payback time is thus one year [ 105,

COM 2006 ].

Driving force for implementation
Reduction of waste water loads and cost savings are the driving forces for implementation of
this technique.

Example plants
OFC plant [ 105, COM 2006 ].

Reference literature
[ 22. BMU/LAWA 2000 ][ 105, COM 2006 ]
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3.3.1.7 Liquid ring vacuum pumps using solvents as the ring medium

Description

When a single (and not highly volatile) solvent is pumped, a liquid ring pump using the same
solvent as the medium can be applied in combination with a solvent recovery system. Besides
the avoidance of potential water contamination, the usage of solvents as the ring medium shows
other advantages:

o the vacuum is maintained by cooling, which is restricted in the case of water to values
above 0 °C but is more flexible if a solvent with a lower melting point is chosen;

o a better vacuum can be achieved by using solvents with a lower vapour pressure than
water.

Achieved environmental benefits
Prevention of water contamination in vacuum generation is the environmental benefit of this
technique.

Cross-media effects
No cross-media effects are believed to be likely.

Operational data
The use of toluene as the ring liquid and the treatment of waste gases from condensers by
thermal oxidation were reported for an OFC plant [ 105, COM 2006 ].

Energy use for cooling and steam generation. In comparison to a plain dry running vacuum
pump, additional treatment of the waste gas may be required.

Applicability
This technique is generally applicable. The reuse of recovered solvents may be restricted in the
manufacturing of active pharmaceutical ingredients and of explosives.

In the example given, the water from the stripping column is forwarded to the WWTP. In other
cases, the characterisation of such water may lead to other options.

As a rule of thumb, the stripping process is economically feasible only for more than 1 000 kg
of solvent per year.

Economics

No comparison of costs was possible for the conventional ring pump compared to the solvent
ring pump due to data not being provided, but economic advantages are assumed to be the main
driving force. Where solvents cannot be reused, the economic benefit will be limited.

Driving force for implementation
Reduction of waste water loads and economics are the driving forces for the implementation of
this technique.

Example plants
OFC plant [ 105, COM 2006 ].

Reference literature
[ 105, COM 2006 ]
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3.3.1.8 Closed-cycle liquid ring vacuum pumps

Description

Liquid ring vacuum pumps can be designed for total recirculation of the sealing liquid. The
system normally includes a pump suction condenser with a condensate recovery tank and a post
condenser for the condensation of residual gas. The construction materials are normally
CrNiMo stainless steel and all process side-related seals are made of PTFE.

Achieved environmental benefits
Achieved environmental benefits of the technique are:

. a highly reduced amount of sealing liquid (e.g. water) becomes contaminated;
. a completely closed system with no contact between the cooling and the sealing liquid;
. handled gases/vapours (e.g. solvents) are recovered.

Cross-media effects
No cross-media effects are believed to be likely.

Operational data
The recirculated sealing liquid should be considered for disposal after a certain time.

Applicability
This technique is widely applicable.

The reuse of recovered solvents may be restricted in the manufacturing of APIs, but not
applicable for the manufacturing of explosives due to safety concerns.

Economics
No information provided.

Driving force for implementation
The reduction of waste water loads, and economics are the driving forces for the
implementation of this technique.

Example plants
OFC plants [ 105, COM 2006 ].

Reference literature
[ 105, COM 2006 ]

3.3.1.9 Water-free processes for waste gas treatment

Description

About one third of the waste gas treatment systems in the chemical industry work with a water-
based or alkaline (caustic) scrubbing process. This particularly captures inorganic compounds
such as hydrogen chloride, sulphur dioxide and water-soluble organic substances.

Examples of waste water-free techniques for waste gas cleaning include:

. the collection and subsequent thermal or catalytic oxidation of calorific waste gas
streams, preferably with energy recovery (see Sections 3.5.1.3.5 and 3.5.1.3.6);
. the application of appropriate dry dedusting equipment (e.g. demisters, cyclones,

electrostatic precipitators and fabric filters) to separate particulates and aerosols (see
Section 3.5.1.4);
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o the use of dry/semi-dry gas treatments (e.g. activated carbon adsorption, see
Section 3.5.1.2.3, lime/sodium bicarbonate injection, see Section 3.5.1.5.2) for waste gas
streams loaded with organic or inorganic gaseous contaminants;

o use of regenerative organic solvents (or oils) instead of water as a scrubbing liquid for
specific gaseous contaminants.

Achieved environmental benefits

Avoiding or reducing the amount of waste water sent to treatment and reducing the
consumptions associated with waste water treatment are the environmental benefits of the
technique.

Cross-media effects

Use of materials (e.g. solvents, activated carbon) depending on the specific water-free technique
used. Some of the water-free techniques might be more energy-intensive and result in the
generation of more solid waste.

Operational data
No information provided.

Applicability

Water-free techniques for waste gas cleaning are used, in particular, when hazardous substances
or non-biodegradable organic substances would otherwise enter a biological waste water
treatment plant, where they might cause disturbances or be discharged untreated into the
receiving water.

Economics
Where solid waste disposal costs are high there may be benefits in adopting wet flue-gas
treatment owing to the reduced solid waste arising.

Driving force for implementation
Reduction of waste water loads is a driving force for implementation. The lack of availability of
a water discharge outlet is a key driver.

Example plants
Zero-effluent flue-gas cleaning systems are widely used throughout Europe, e.g. in the chemical
industry and incineration sectors.

Reference literature
No reference literature provided.

3.3.1.10 Substance recovery from mother liquors and substance retention
or by optimised processes

Description

Substance recovery of waste water constituents with reasonable expenditure is normally only
feasible for concentrated waste water streams. So, it is usually limited to mother liquors.
Depending on the method of synthesis, mother liquors are generally aqueous solutions kept after
product separation, or washing water. Recovery might comprise, e.g.:

. the removal of utilisable individual compounds, such as starting materials, products,
solvents or catalysts;
o material conversion with subsequent substance recovery, e.g. thermal or catalytic

oxidation with the recovery of chlorine (from chlorinated organic compounds) as
hydrochloric acid.
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Substance recovery is viable for higher waste water concentrations (e.g. 10 g/l or more). If
casily removable compounds are involved, e.g. volatile, solid, precipitable or extractable
compounds, recovery processes might be viable even at lower concentrations.

Substance retention by optimised processes encompasses the modification of process steps as
well as additional measures, such as improvement of mother liquor work-up.

Substance retention — aside from pollutant prevention such as modification of formulation or
improvement of production yield — can also be achieved by pollutant removal, e.g. adsorption or

extraction, or by conversion, e.g. oxidation or incineration.

Achieved environmental benefits
Achieved environmental benefits of the technique are:

. reduction of the amount of waste water treated;
. material reuse/recycling.

Cross-media effects
None.

Operational data
No information provided.

Applicability
Generally applicable.

Economics
No information provided.

Driving force for implementation
Substance recovery is both economically beneficial as well as environmentally desirable.

Example plants
No information provided.

Reference literature

No reference literature provided.

3.3.1.11 Use of slightly contaminated raw materials and auxiliaries
Description

Contaminated raw materials and/or auxiliaries can import pollutants into the production chain

and thus into the waste water system. Examples include:

metals from crude vegetable fats;

. chloro-organic compounds (AOX/EOX) and other impurities from technical-grade
hydrochloric acid;

. mercury as contamination in sodium hydroxide from chlor-alkali electrolysis using the
amalgam process;

. contaminants of, in particular, intermediates and externally acquired precursors.

The operator's ability to influence this situation is limited by:

. insufficient information from suppliers;
. the increase of contaminant importation because of recycled materials;
. the transfer of emission problems to other locations by work-up of the raw material.
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The purification of raw materials can be implemented by manufacturers who have technical
facilities to reduce and correctly dispose of the removed contaminants, such as resin exchange
for hydrochloric acid or filtration/adsorption for crude sodium hydroxide.

Achieved environmental benefits
The substitution or elimination of some of the raw materials used in the production of chemicals
can result in the combination of the following benefits:

o a reduction in the amount of waste generated;
° a reduction in emissions to air;
o a reduction in emissions to the receiving water.

Cross-media effects

The use of energy and materials for purifying the raw materials (if required) are the cross-media
effects. It should be evaluated on a case-by-case basis whether the reduction/elimination of side
products/contaminants is more desirable on the manufacturer's or on the user's side.

Operational data
No information provided.

Applicability
Applicability depends, in particular, on the cost of the substitute raw materials purchased, or on
the cost of the purification equipment needed at the installation to purify the feedstock.

The substitution of raw materials may not be possible, notably in the production of explosives
and ammonium nitrate-based fertilisers, because known impurities can be of paramount
importance in obtaining the required product under all security and safety conditions (e.g. effect
on shape and size of crystals).

Economics

Economic factors include the cost of installing and running the purification equipment at the site
(if purification equipment is required). Using feedstock with lower impurities might be more
expensive, depending on market conditions.

Cost savings in the treatment of waste may result from the substitution or elimination of some of
the raw materials used. However, this may be more than balanced by the increased costs of a
purer raw material.

Driving force for implementation
The use of slightly contaminated raw and auxiliary materials is an important technique for the
prevention of emissions.

Example plants
Many installations of several industrial sectors use the technique.

Reference literature
[ 107, COM 2007 ]

3.3.1.12 Countercurrent product washing

Description

As a polishing step, chemical products are often washed with an aqueous phase in order to
remove impurities. High efficiencies in combination with low water consumption (and low
waste water generation) can be achieved with countercurrent washing, which may also be
combined with other purification steps. The degree of optimisation of the washing process
depends on the production level and regularity.
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Achieved environmental benefits
The achieved environmental benefits include:

. lower water consumption;
. less waste water is created;
. recycling or individual treatment of portions of particular contents or concentrations.

Cross-media effects
No cross-media effects are believed to be likely.

Operational data
No information provided.

Applicability

The technique is widely applicable. It is especially economical in larger scale plants, since it can
be tailored specifically to a production process. For small amounts, experimental production
runs, and short or rare production campaigns, these processes cannot be used.

Economics
No information provided.

Driving force for implementation
Cost benefits and reduction of water consumption are the driving forces for using the technique.

Example plants
OFC plant [ 105, COM 2006 ].

Reference literature
[ 105, COM 2006 ]

3.3.2 Individual waste water treatment techniques
3.3.21 Equalisation
Description

In general, waste water treatment plants (WWTPs) (especially biological ones) operate most
effectively at reasonably constant conditions of certain parameters, especially pH, hydraulic
load (or flow rate) and contaminant load/concentrations.

To buffer the production against short-term (e.g. daily) and long-term (e.g. weekly) variations,
equalisation facilities are put in place, either decentralised at the various production sites or
centrally in or near the final WWTP.

Furthermore, unusual influxes into the WWTP resulting from operational failures are controlled
by additional centralised retention capacity. The timely detection of such unusual events is
necessary. The buffering and retention volumes also allow operators to check the compatibility
of the waste water influent with the subsequent treatment. Flow and load/concentration
balancing are also referred to as equalisation, buffering or homogenisation.

Although equalisation is frequently achieved by using central or decentralised tanks, it may also
be (partially) achieved by other management techniques (e.g. planning of production activities).

Achieved environmental benefits
This technique allows a more efficient use of subsequent waste water treatments (e.g. WWTP)
and therefore lowers emissions to the receiving water.
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The result of buffering and equalising can include:

o equalisation of loads, such as:
° organic load;
° salt concentrations, especially if salt concentrations are about or more than 10 g/I;
° nitrogen load, e.g. as a prerequisite, together with TOC load, for optimum
denitrification;
o adjustment of the required C/N/P ratio;
o neutralisation of acidic and alkaline waste water streams (see Section 3.3.2.3.2);
o equalisation of waste water flow rate.

Cross-media effects
None.

Operational data
The appropriate capacity of the equalisation tank is a function of the anticipated fluctuations
[ 251, Ullmann's 2000 ].

Flow and load balancing is also used as a control measure for unusual influx events to the
WWTP, and so the capacity of the equalisation tank is determined not only by the fluctuations,
as mentioned above, but also by the extent of the hazard potential.

In practice, both flow rate and contaminant loads/concentrations can fluctuate markedly due to
factors such as:

process conditions;
operational failures;

use of water for washing;
ballast water treatment;
maintenance times;
rainfall.

The equalisation tank may be installed either in-line or as a side stream to which the flow can be
diverted at peak periods or in case of production disturbances, and run down at a controlled rate
when the flow has moderated. For process waters which can be emitted to the environment,
tanks are used for this purpose, whereas for surface water drainage, open lagoons or retention
ponds are used (see Section 3.3.2.3.6.2). If the retention time in the equalisation tank is long,
then some reactions may take place in the waste water that can lead to odour problems, foam
production and precipitation of solids.

Table 3.6 presents examples of the buffering capacities in place at some German chemical sites.
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Table 3.6: Examples of buffering capacities at some German chemical sites

Flow of Capacity f(.)r_ mixing | Buffering capa_lcity Retention capacity
WWTP No influent to . and equalising the between 'chemlcal- for operational
WWTP input to th_e chemical- mechanlc_al stage failures
mechanical stage and biological stage
3
WWTP 1 8 000 m’/d 80 m’ 20000 m’ (1:)90(;)8);?)
WWTP 2 10 000 m’/d 300 m’ 2 x4800m’ 2 %3000+ 390 m°
WWTP 3 6 000 m’/d NI NI 23 000 m’
WWTP 4 8 500 m’/d NI 3000 m’ 12 000 m’
WWTP 5 10 000 m’/d 1500 m® 4000 m° 9500 m’
WWTP 6 65 000 m’/d NI 40 000 m’ 28 000 m’
WWTP 6 45000 m’/d NI 15 000 m’ 47500 m®
WWTP 7 315000 m’/d NI NI 60 000 m’
WWTP 8 3800 m’/d NI 18 000 m’ 11 500 m’
WWTP 9 34 000 m’/d NI 2400 m’ 11 600 m’
NB: NI = no information provided.
Source: [ 217, RP Freiburg 2009 ]

Bypassing equalisation facilities, as shown in Figure 3.7, for maintenance purposes or in case of
pollution detected inside the tanks is possible. This means that the treatment chain is able to
operate normally without the equalisation capacity or with reduced equalisation capacities if
there are several capacities.

Applicability

This technique is generally applicable. It is mostly applicable when production output is
irregular, for example when industries are governed by specific campaigns (e.g. production of
speciality or fine chemicals).

Economics

The cost of buffering is primarily determined by the size of the tank, placement and the
materials used. In general, one should consider a cost of EUR 100/m’ for a concrete tank,
excluding accessories and placement. Buffer tanks made of other materials are normally more
expensive, e.g. an enclosed 100 m’ polyester buffer tank with stirrer costs EUR 50 000 [ 63,

VITO 2010 ].

Driving force for implementation
Compliance with legal requirements to limit pollution to receiving waters is the driving force for
the implementation of this technique.

Example plants
Virtually all WWTPs. Examples of chemical sites using the technique are mentioned under
operational data above.

Reference literature
[ 63, VITO 2010 ][ 217, RP Freiburg 2009 ][ 251, Ullmann's 2000 ]
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3.3.2.2 Buffer storage for waste water incurred during other than normal
operating conditions

Description

Other than normal operating conditions such as operational failures, equipment leakage,
unintentional contamination of cooling water, or other disturbances in production or storage
units can lead either to an increased discharge of pollutants into the receiving water via the
WWTP, or to its malfunction. The risk of such events can create the need for centralised or
decentralised receiving (or buffer) facilities. For the operation of a barrier or buffer system,
timely detection of the failure event is crucial. This detection can be ensured by both analytical
and organisational means [ 251, Ullmann's 2000 ].

Achieved environmental benefits
The technique allows for lower emissions to the receiving water.

Cross-media effects
There are no cross-media effects associated with this technique.

Operational data

There are several buffer devices available. Their capacity has to be sufficient to store all waste
water, probably including rainwater, incurred during a production failure. They can be
combined with flow and load balancing tanks (see Section 3.3.2.1).

The appropriate buffer storage capacity is usually based on a risk assessment (taking into
account e.g. the nature of the pollutant, the effects on further treatment, and the receiving
environment.

One device (see Figure 3.6), the self-contained buffer, contains two buffer tanks that receive the
waste water stream alternately. While one tank is filled, the content of the other is checked and
then released to the waste water discharge or downstream of the WWTP or disposed of as
waste, depending on the results of the check. The receiving capacity of each containment needs
to be sufficient to hold the entire amount of waste water arising during the period of analysis
and the emptying of one tank. For complex and large chemical sites with large amounts of waste
water, this is often an option for selected waste water streams, because otherwise the
requirement for tank volume is immense. The larger the tank, the longer the emptying time and
vice versa, which might result in a vicious circle.

Another device is the connected buffer, either discontinuously (see Figure 3.7) or continuously
filled (see Figure 3.8). The discontinuously filled buffer is disconnected when not in use, i.e.
when there is no failure reported by the control and alarm system. During normal operation, the
waste water circumvents the buffer system, and only when the control system detects an unusual
event is the buffer tank filled. The required tank capacity is the amount of waste water arising
during the time of malfunction. This device is used with single production installations, a
collection of selected waste water streams and with the total amount of waste water. The
required volume is normally much less than with the self-contained buffer mentioned above.
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Figure 3.6:  Self-contained buffer with alternative filling

Alternate filling
Discharge
after Check

v

Waste water pathway

Process water

.
Sewer system l Disposal pathway
' —>

Discharge
46) after check

Y

Waste water pathway

Figure 3.7: Connected buffer, discontinuously filled

The continuously filled connected buffer can also be used as an equalisation or flow balancing
tank (see Section 3.3.2.1). A control and alarm system ensures that the outlet to the WWTP is
immediately closed in the case of an unusual event. The capacity of the tank must be sufficient
to receive all the incoming waste water until the failure is remedied, so this system might be
recommendable only for tributary streams. Before the operation can continue with the input of
routine waste water, the tank has to be emptied.
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Figure 3.8: Connected buffer, continuously filled

A further system (see Figure 3.9) is suited to receive and buffer leakage losses, with leakages
collected in a separate sewer. Such a sewer is used as a drainage system for potentially polluted
outdoor areas, e.g. with production installations or tank fields. The capacity of the tank matches
the largest possible leakage loss and the amount of rainwater to be expected. This buffer system
is applicable to installations with separated sewers for process water and drainage of risk areas.
Events that might influence the process water stream cannot be controlled. Its advantage is the
ability to collect leakage losses in a concentrated state to enable recycling.

Process water
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Figure 3.9: Leakage buffer system

Applicability

The interim storage of contaminated rainwater requires segregation, which may not be
applicable in the case of existing waste water collection systems.
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Economics

The cost of buffering is primarily determined by the size of the tank, placement and the
materials used. In general, one should consider a cost of EUR 100/m® for a concrete tank,
excluding accessories and placement. Buffer tanks made of other materials are normally more
expensive, e.g. an enclosed 100 m’ polyester buffer tank with stirrer costs EUR 50 000 [ 63,

VITO 2010 ].

Driving force for implementation
Compliance with legal requirements to limit pollution to receiving waters is the main driving
force for implementation of the technique.

Example plants
Virtually all WWTPs apply the technique. Examples of chemical sites using the technique are
mentioned in Table 3.6.

Reference literature
[ 63, VITO 2010 ][ 217, RP Freiburg 2009 ][ 251, Ullmann's 2000 ]

3.3.2.3 End-of-pipe techniques
3.3.231 Overview

To introduce a logical order in the description of treatment techniques, the relationship between
the pollutant and respective typical treatment technique is taken as the reference, as pointed out
in Section 1.6.3.2 and illustrated in Figure 3.10. Table 1.1 lists the main waste water end-of-pipe
treatment techniques and the pollutant(s) targeted for abatement by each technique. The details
of the applicability of each technique are given in the specific sections as indicated in Table 1.1.

The first treatment step for waste water and rainwater — and often also the final step — is the
separation of suspended solids and immiscible liquids (with regard to water) from the main
water stream. Separation or clarification techniques are:

. gravity separation (grit separation — see Section 3.3.2.3.3.2, sedimentation — see
Section 3.3.2.3.3.4, oil-water separation — see Section 3.3.2.3.3.8);

. flotation (see Section 3.3.2.3.3.5);
filtration (filtration — see Section 3.3.2.3.3.6, membrane filtration — see
Section 3.3.2.3.3.7).

These separation techniques are mainly used in combination with other operations, either as a
first or a final clarification step. As a first step they, for example, protect other treatment
facilities against damage, clogging or fouling by solids. As a final step, they remove solids
formed during a preceding treatment operation or process, or remove oil before further
biological treatment. They often follow treatment techniques applied to soluble pollutants, when
these are transferred into solids. Examples are given later in this chapter.
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Figure 3.10: Range of waste water treatment techniques in relation to type of contaminants

Solid-free waste water can either be segregated into a biodegradable and a non-biodegradable
part, or the contaminants responsible for the non-biodegradability may be separated before
further treatment. Biodegradable compounds are compounds that are subject to degradation by
means of a biological activity. Refractory COD/TOC and heavy metals are examples of non-
biodegradable compounds.

The treatment techniques for the non-biodegradable waste water part are based on physical
and/or chemical operations, such as:

o precipitation/sedimentation/filtration (see Section 3.3.2.3.4.2);

o crystallisation (see Section 3.3.2.3.4.3);

o chemical reactions (chemical oxidation — see Section 3.3.2.3.4.4, wet air oxidation — see
Section 3.3.2.3.4.4.3, supercritical water oxidation — see Section 5.1.4, chemical
reduction — see Section 3.3.2.3.4.5 and chemical hydrolysis — see Section 3.3.2.3.4.6);

. membrane 'filtration' (nanofiltration and reverse osmosis, see Section 3.3.2.3.4.7);

o adsorption (see Section 3.3.2.3.4.10);
o ion exchange (see Section 3.3.2.3.4.11);
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extraction (see Section 3.3.2.3.4.12);
distillation/rectification (see Section 3.3.2.3.4.14);
evaporation (see Section 3.3.2.3.4.15);

stripping (see Section 3.3.2.3.4.17);

incineration (see Section 3.3.2.3.4.18).

After adequate treatment, the waste water stream can either be discharged into a receiving water
body, into a subsequent central biological WWTP or into a municipal WWTP.

The following substances/substance groups are relevant in practice as examples for insufficient
elimination in central biological WWTPs at chemical sites:

chelating agents such as EDTA and DTPA;

cyclic ethers, particularly dioxanes;

oligomers in waste water streams from the production of polyacrylonitrile;
oligomers in waste water streams from the production of methylcellulose;
diglyme;

intermediates from the production of optical brighteners, e.g. dinitrosalicylic acid;
side products and products from the production of optical brighteners (e.g. triazine
derivatives);

iodinated X-ray contrast media, such as diatrizoic acid, iopamidol;

some organic dyes;

PFOS and other perfluorinated compounds;

MTBE.

In most cases, and contrary to products (single substances), (many) side products or auxiliaries
are a matter of concern in the waste water stream.

Biodegradable waste water, or the remaining waste water part after elimination of the cause of
the non-biodegradability, normally undergoes treatment techniques, either centralised or
decentralised, that are based on biological processes, such as:

. anaerobic treatment (anaerobic contact process, UASB process, fixed-bed process,
expanded-bed process — see Section 3.3.2.3.5.2 — and biological removal of sulphur
compounds and heavy metals — see Section 3.3.2.3.5.3);

. aerobic treatment, (complete mix activated sludge process, membrane bioreactor process,
trickling filter process, expanded-bed process, fixed-bed biofilter process — see
Sections 3.3.2.3.5.4, 3.3.3.1, and 3.3.3.2);

. nitrification/denitrification (see Section 3.3.2.3.5.5).

The degraded waste water leaves the biological treatment plant and is piped to a clarification
stage.

Many waste water treatment techniques require, or optionally use, treatment aids, which in most
cases are chemicals, or the treatment media/equipment need regeneration, which can cause the
release of chemicals. These aids or process steps might generate, generally depending on local
conditions, pollution that needs to be taken into account when considering the use of a treatment
technique. Thus, an assessment of treatment aids and chemicals released from regeneration
facilities and their fate during the whole process might be necessary in specific situations.

Almost all waste water treatment techniques have one thing in common: the production of solids
during the process, which enables the pollutant to be separated from the aqueous medium, such
as excess activated sludge or filtered or settled residue from filtration or sedimentation
operations. If sludge is not recycled, it needs to be disposed of (i.e. external treatment and
disposal) or treated on site.
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Sludge treatment techniques may include:

o thickening (see Section 3.4.2.2);

o dewatering (see Section 3.4.2.2);
o stabilisation (see Section 3.4.2.3);
o conditioning (see Section 3.4.2.3).
3.3.2.3.2 Neutralisation
Description

Neutralisation is the process by which the pH of the incoming waste water is adjusted to the
neutral pH level (approximately 7) by the addition of chemicals so as to make it biologically
treatable in the waste water treatment plants and also to make it comply with the discharge
standards. In principle, all types of waste water can be neutralised, but the amount of chemicals
needed for the neutralisation process may vary greatly because of the buffer capacity of the
waste water. Buffer capacity reflects the resistance of the waste water against a pH change and
is caused by the presence of (hydrogen) carbonate, (hydrogen) phosphates, (hydrogen) sulphide
and silicates. For neutralising waste waters, in general, sodium hydroxide (NaOH) or calcium
hydroxide (Ca(OH),) is used to increase the pH; whereas, sulphuric acid (H,SO,), hydrochloric
acid (HCI) or carbon dioxide (CO,) is used to decrease the pH.

Achieved environmental benefits
Emissions of acids and alkalis to water are reduced. Moreover, biological treatment efficiency
and thus effluent quality are increased as the biological processes are adversely affected by
extreme pH levels and fluctuations.

Cross-media effects

Acids or alkalis are consumed. Neutralisation leads to increased salt concentrations in treated
waste water (e.g. chloride, sulphate). The consumption of chemicals and the generation of salts
can be reduced by mixing acidic and alkaline waste water streams before central neutralisation
(i.e. equalisation, see Section 3.3.2.1).

Waste waters containing particular types of salts may result in the release of toxic gases upon
the addition of neutralisation chemicals which can present a risk to health and the environment.

Operational data

Neutralisation can be performed in one or two stages. A two-stage neutralisation at the
beginning of the WWTP was reported for WWTP #16, the first stage with the addition of
hydrochloric acid and the second stage with lime [ 222, CWW TWG 2013 ].

Applicability

Neutralisation is applicable to waste waters originating from almost all types of industrial
activities. However, in particular cases, neutralisation can drastically alter the composition of
the waste water. Generally, inorganic acids/bases are used for neutralisation which might result
in the formation of potentially insoluble salts. The choice of chemicals used (acids/alkalis) for
neutralisation must also be compatible with the desired result.

Economics

The investment costs for the installation of a neutralisation process are very low compared to
the total investment costs of the waste water treatment plant. The equipment consists of storage
tanks, reaction tanks, dosage and mixing units. The operating costs depend on the characteristics
of the waste water (pH, buffer capacity) as it will affect the amount of chemicals used for
neutralisation.

Driving force for implementation
Legal requirements. To improve the biological treatability of the waste water in the WWTP.
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Example plants
Neutralisation is one of the most frequently used treatment techniques reported in the
questionnaires (see Section 2.2).

Reference literature
[ 63, VITO 2010 ][ 222. CWW TWG 2013 ]

3.3.2.3.3 Insoluble contaminants/mechanical separation
3.3.2331 Overview

Insoluble content in the chemical industry waste water may consist of inert substances such as
dust from rainwater drainage or sand (as ballast in raw materials such as lime). But it may also
consist of hazardous materials such as heavy metals and their compounds, originating from
precipitation processes of preceding treatment operations or production processes using
catalysts. Even dioxins can be adsorbed to solid contents (e.g. catalyst of vinyl chloride
production via oxychlorination). On the other hand, insoluble contaminants need not necessarily
be solid particulates. Liquids immiscible with water, such as oil, substances of oily consistency,
grease and colloids belong to this category as well. Waste water containing insoluble
contaminants can usually be treated to get rid of them by separation processes as described
below.

3.3.2.3.3.2 Grit separator

Description

Grit separation is the removal of sand and gravel from rainwater. Grit chambers are used for this
purpose because the sand might otherwise be deposited into inconvenient places, disturbing the
treatment process and leading to rapid abrasion in the pumps [ 251, Ullmann's 2000 ].

Grit chambers are part of the WWTP and are usually situated immediately downstream of the
screen installed as protection from coarse and fibrous material. They are designed to handle the
required horizontal flow rate (about 0.3 m/s), i.e. only sand is separated whereas the lighter
solids are carried on with the waste water stream.

There are three different types of grit chambers [ 251, Ullmann's 2000 J:

. channel-shaped horizontal-flow grit chambers, which maintain the required flow rate in
combination with a Venturi flume, suitable for highly fluctuating waste water streams
(see Figure 3.11);
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Source: [ 251, Ullmann's 2000 ]

Figure 3.11: Channel-shaped horizontal-flow grit chamber
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o circular grit chambers, where the water is introduced tangentially, causing the content to
circulate and the sand to be washed to the centre to be removed by an air-jet lift; this
chamber type is less suitable for highly fluctuating flow rates (see Figure 3.12);

®

Compressed
—

Solids

Compressed

air \,

T

Influent Effluent

Solids

Solids

Source: [ 251, Ullmann's 2000 ]

Figure 3.12: Circular grit chamber

o aerated grit chambers, where the circulation of the content is caused by air injection in a
way that achieves the required flow rate at the bottom of the chamber; this type causes no
problems with fluctuating flow rates (see Figure 3.13) [ 251, Ullmann's 2000 ].

Compressed
air

1l Z [

Source: [ 251, Ullmann's 2000 ]

Figure 3.13: Aerated grit chamber

Storage facilities for the separated sand are necessary until it is discharged.
Achieved environmental benefits
Grit chambers are not installed for environmental protection reasons but to protect downstream

equipment from wear and from blockages.

Cross-media effects
The separated sand has to be discharged or otherwise used, depending on the contamination.

Electricity is consumed for the waste water pumps and the air-jet.

Common Waste Water and Waste Gas Treatment/Management Systems in the Chemical Sector 175



Chapter 3

The grit chamber, being part of the WWTP, contributes to the emissions of noise and odour
from the main plant, depending on the kind of waste water being treated. Enclosing the
equipment might be necessary.

Operational data

Monitoring
The necessary waste water flow rate of 0.3 m/s needs to be controlled.

Applicability

Grit chambers are used when the WWTP also has to deal with rainwater, which normally entails
a considerable amount of sand [ 251, Ullmann's 2000 ]. Grit separation of solids is essential to
protect downstream equipment.

Application limits and restrictions are given in Table 3.7.

Table 3.7:Application limits and restrictions associated with grit separation of solids

Issue Limits/restrictions

Flow rate of about 0.3 m/s required to
make sure that only sand is separated
Restrictions to flow rates, dependent on
chamber type

Flow rate

Flow rate fluctuation

Economics
No information provided.

Driving force for implementation
The driving force for implementation of the technique is the protection of the downstream waste
water treatment units.

Example plants
Nearly all waste water treatment plants use the technique.

Reference literature
[ 251, Ullmann's 2000 ]

3.3.2.3.3.3 Coagulation and flocculation

Description
Coagulation and flocculation occur in successive steps which are intended to overcome the
forces stabilising the suspended particles, allowing particle collision and growth of floc.

Coagulation is the first step. It aims at destabilising the particles' charge by neutralising their
electrical surface charge. This is carried out by adding coagulants with charges opposite to those
of the suspended solids to the waste water. This allows the particles to stick together into
slightly larger particles. Common coagulant chemicals used include alum, ferric sulphate, ferric
chloride, ferrous sulphate, aluminium chloride, polyaluminium chloride and sodium aluminate.
The first four will lower the alkalinity and pH of the solution while the sodium aluminate will
add alkalinity and raise the pH. Polymers (anionic or cationic) are becoming more widely used
as coagulant aids together with the conventional inorganic coagulants.

If solids are being coagulated, a high-energy, rapid mix to properly disperse the coagulant and
promote particle collisions is needed to achieve good coagulation. Over-mixing does not affect
coagulation, but insufficient mixing will leave this step incomplete. Coagulants should be added
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where sufficient mixing will occur. Proper contact time in the rapid-mix chamber is typically
one to three minutes. If liquids are being coagulated, a high-energy mix is not necessary as long
as there is sufficient contact time to ensure good dispersion mixing. Also, for liquids, this can be
achieved in a flow line rather than a tank.

Flocculation is a gentle mixing stage which aims at increasing the particle size. Collisions of
microfloc particles cause them to bond to produce larger flocs. This occurs in the presence of
inorganic (formed by the coagulant) or added organic polymers. Contact times for flocculation
range from 15 or 20 minutes to an hour or more.

Once the floc has reached the optimum size and strength, the waste water can be brought to
sedimentation (see Section 3.3.2.3.3.4).

Flocculation requires careful attention to the mixing velocity and amount of mix energy. To
prevent the floc from tearing apart or shearing, the mixing velocity and energy input are usually
tapered off as the size of the floc increases. Once flocs are torn apart, it is difficult to get them to
re-form to their optimum size and strength. The amount of operator control possible in
flocculation is highly dependent upon the type and design of the equipment. If liquids are being
coagulated, using a flow line rather than a tank for carrying out the mixing also prevents the floc
from tearing apart or shearing.

Achieved environmental benefits
Coagulation and flocculation are used to separate suspended solids from waste water.

Cross-media effects
The consumption of auxiliary materials (i.e. coagulant) and the use of energy for mixing are the
main cross-media effects associated with the use of the technique.

Operational data

The effectiveness of coagulation and flocculation and selection of the coagulants depend upon
understanding the interaction between the charge, size, shape and density of the particles to be
separated. Final selection of the coagulant(s) should be made following thorough jar testing and
plant-scale evaluation. Considerations must be given to required effluent quality, effect on
downstream treatment process performance, cost, method and cost of sludge handling and
disposal, and overall net cost at the dose required for effective treatment.

Applicability
The technique is generally applicable to waste waters loaded with suspended solids.

Economics

The operating costs of a coagulation and flocculation process are mainly due to the use of
chemicals. The choice of chemicals and the required dosage depend greatly on the waste water
to be treated. The cost of chemicals is reported to be in the range of EUR 0.15-5 per kg
(chemical dosage is usually in the range of 0.5-100 mg/1). The removal cost of the sludge is
around EUR 500 per tonne of dry matter. Other operating costs include costs of energy,
maintenance and personnel [ 63, VITO 2010 ].

Driving force for implementation
The main driving force for implementing the technique is to enable an efficient settling and
removal of solids in a successive sedimentation treatment (see Section 3.3.2.3.3.4).

Example plants
Sectors where coagulation/flocculation is applied include: the chemical industry, the textile
industry, the food industry, slaughterhouses, and in the surface treatment of metals.

Reference literature
[ 1, Metcalf and Eddy 1991 ][ 63, VITO 2010 ]
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3.3.2.3.34 Sedimentation

Description

Sedimentation, or clarification, means the separation of suspended particles and floating
material by gravitational settling. The settled solids are removed as sludge from the bottom,
whereas floated material is skimmed from the water surface. When the particles cannot be
separated by simple gravitational means, e.g. when they are too small and their density is too
close to that of water or they form colloids, special chemicals are added to cause the solids to
settle, such as:

aluminium sulphate (alum);
ferric sulphate;

ferric chloride;

lime;

polyaluminium chloride;
polyaluminium sulphate;
cationic organic polymers.

These chemicals cause the destabilisation of colloidal and small suspended particles (e.g. clay,
silica, iron, heavy metals, dyes, organic solids and oil in waste water) and emulsions entrapping
solids (coagulation) and/or the agglomeration of these particles into flocs large enough to settle
(flocculation). In the case of flocculation, anionic and non-ionic polymers are also used.

The influence of coagulation is shown as an example in Table 3.8. The removal levels in this

table, however, should not be confused with the achievable performance of a treatment
technique.

Table 3.8: Removal of waste water contaminants under the influence of coagulation

Pollutant Abatement efficiency ()
(%)
Inorganic mercury 70
Cadmium and compounds 98
DDT (1,1,1-trichloro-2,2-bis-(p-chloro-phenyl)ethane) 75-80
HCB (hexachlorobenzene) 59
Aldrin 100
Dieldrin 50
Endrin 43
PCBs (polychlorinated biphenyls) 3040
Tributyltin compounds > 90
Trichloroethene 36
Perchloroethene 30
(") The abatement efficiencies are indicative and depend on the specific operating conditions
(e.g. pH, type and dose of coagulant used) and on the feed concentration of pollutant(s).

Source: [ 3, Environment Agency (England and Wales) 1997 ]

The sedimentators (or settlers) commonly operated are:

. sedimentation or flat tanks, either rectangular or circular, both equipped with an
appropriate scraper and of such a size as to provide a necessary residence time of about
1.5 hours to 2.5 hours (see Figure 3.14 as an example of a circular tank);
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Figure 3.14: Circular sedimentation or settler tank

o hopper-bottom tanks, with vertical flow, usually not equipped with mechanical sludge
removal systems (see Figure 3.15);

1

1

Source: [ 251, Ullmann's 2000 ]

Figure 3.15: Hopper-bottom tank

o lamina or tube settlers, where plates are used to enlarge the sedimentation surface (see
Figure 3.16).

The equipment for coagulation and/or flocculation is installed as part of the tank. The need for
rapid mixing with coagulation is fulfilled by:

. the simultaneous dosing of coagulants via multiple injection points;
o a preference for plug flow systems, where applicable;
o a flash mixer or mixing where the coagulant is added at or before the flash mixer, static

mixers or orifices.
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With flocculation, a mixing chamber is added. Picket fence or low-speed mixers are used,
causing hydraulic mixing within the fluid as it flows through the tank. Partial recycling of the
floc back into the flocculator can result in a better floc structure and optimum exploitation of the
flocculant.

To ensure an optimum settling operation, an upstream oil separation or emulsion decomposition
stage, etc., is normally installed to remove interfering substances.

The equipment of the sedimentation facilities needs to be such that there is no waste water
transference into the ground, at least when the tank might contain substances hazardous to
groundwater. Storage facilities for the coagulant/flocculant chemicals and the sedimented
sludge need to be equipped to suit the characteristics of the sludge.

Flow distribution orifices

Discharge fumes

Overflow i Feed box
o Flocculation tank

tank
Overflow A

(effluent) ‘

Coagulant
aid

Sludge hopper

{removable) ‘H% 4"
' Underflow
{sludge)

Source: [ 31, Kemmer 1988 ]

Figure 3.16: Lamina or tube settler

Achieved environmental benefits
When sedimentation is used upstream of subsequent treatment steps, its purpose is to protect
downstream facilities, so its removal efficiency needs to be high enough to achieve that. When
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it is used as a final treatment, its performance depends on the properties of the particles to be
removed.

Abatement efficiencies and emission associated with the sedimentation of solids levels are given
in Table 3.9.

Table 3.9: Abatement efficiencies and emission levels associated with the sedimentation of solids

Pollutant Abatement efficiency Emission level Comments
(%) (mg/l)
1 2 After final clarifier of
TSS 60-90 (') 5-35() WWTP
Settleable solids 90-95 () NI —
In particulate form, see
Heavy metals NI NI Section 3.3.2.3.4.2

(") [247. COM 2003 1.
(®) As yearly average of 24-hour composite samples [ 222, CWW TWG 2013 ].

NB: NI = no information provided.

TSS can also include particulate organics, i.e. sedimentation will reduce TOC/COD as well, as
long as it is present as insoluble solid material. Its removal efficiency, however, depends on the
proportion of solid TOC in the overall TOC.

Cross-media effects

Sedimented sludge and skimmed scum, if not suitable to recycle or reuse, need to be disposed of
as waste. Depending on the waste water origin, this waste might contain hazardous compounds
to be treated accordingly. These compounds can be carbonates, fluorides, sulphides or
hydroxides (or oxides) of heavy metals, oily scum, etc. and under certain circumstances even
dioxins.

Sources of noise are the pumps, which can be enclosed, and the sludge/scum removal system.

When the waste water contains odorous substances, it might be necessary to cover the
sedimentation tank, or at least the coagulation or flocculation unit, and to duct the arising waste
gas, if necessary, to a treatment system (see in particular Section 3.5.5.4). The necessary
equipment (ducts and vents) probably needs to be provided with an appropriate safety system,
e.g. a pressurised nitrogen gas flow system, to avoid explosion risk.

Consumables and their amounts in terms of effects on the sedimentation of solids are given in
Table 3.10.

Table 3.10: Cross-media effects associated with the sedimentation of solids

Consumable Amount

53-93 (kg/t oil, solid) ()
0.5-100 (g/m’ waste water) (°)
Electric energy (kWh) (%) 0.5-1.5
Nitrogen for inert atmosphere NI
(") Organic polymer.
(®) [ 36. NOREC 2000 ].

() [63. VITO 2010 ].
(*) For tank diameter of 25-35 m.

NB: NI = no information provided.

Chemicals (coagulant/flocculant) (')
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Operational data

Monitoring

The effluent needs to be regularly monitored for solid content, i.e. suspended solids, settleable
solids or turbidity. When chemicals (e.g. coagulants, flocculants) are used to improve the
settling process, the pH needs to be controlled as the main operational parameter.

Applicability
Sedimentation is a separation technique widely used for many purposes and is usually not used
alone. The main examples are:

. clarifying collected rainwater from solid content such as sand or dust in a sedimentation
tank;
clarifying process waste water from inert contents such as sand or comparable particles;

. clarifying process waste water from reaction material such as emulsified metal
compounds, polymers and their monomers, supported by the addition of appropriate
chemicals;

. separation of heavy metals or other dissolved compounds after precipitation (see
Section 3.3.2.3.4.2), often with chemical support, followed at the end by filtration
processes (see Sections 3.3.2.3.3.6 and 3.3.2.3.3.7);

. removal of activated sludge in a primary or secondary clarifier of a biological WWTP
(see Section 3.3.3.1), often supported chemically.

Application limits and restrictions are given in Table 3.11.

Table 3.11: Application limits and restrictions associated with the sedimentation of solids

Issue Limit/restrictions

Particles must be large enough to be settleable, otherwise coagulation
and/or flocculation chemicals need to be applied

Volatile substances need to be avoided because of the long residence
time in the tank (as well as the mixing action when coagulation and/or

Particle size

Presence of volatile

substances flocculation are used) and thus the potential release of VOCs
Solid concentration No limits, provided the aqueous phase is still separable

H (in th f . . . . .
E:)oa(lunl;tifnf?fiscocu- Controlled pH range is essential during operation, otherwise
lati fn) performance of clarification is poor
Emulsions Stable emulsions cannot be separated and broken by

coagulation/flocculation; preceding emulsion breaking is required

Advantages and disadvantages are given in Table 3.12.

Table 3.12: Advantages and disadvantages associated with the sedimentation of solids

Advantages Disadvantages
eSimplicity of the installation, and eUnsuitable for fine material and
thus not tending to fail stable emulsions, even with
eRemoval efficiency can be coagulants and flocculants
increased by the addition of eFloc can embed other contaminants
coagulation and/or flocculation that might cause problems in
chemicals disposing of the sludge

Economics
Economics associated with the sedimentation of solids are given in Table 3.13.
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Table 3.13: Economics associated with the sedimentation of solids

. Investment costs Operating and
Equipment e .
(million) maintenance costs

EUR 1.2 ("

Sedimentation tank EUR 0.2-0.3/m’ (°) NI
EUR 0.25 ()

} EUR 0.15 () 3 6
Lamina or tube settler EUR 0.02 () Up to EUR 2.5 perm” (°)

(") Per 1 000 m’ tank volume.

(%) Cost per 1 000 m® of concrete tank volume. Costs can be higher if the bottom of the
sedimentation tank is slanted [ 63, VITO 2010 ].

8 Scraper blade of maximum 5 metre diameter [ 63, VITO 2010 ].

() Capacity of 240 m*/h_[ 63, VITO 2010 ].

(*) Capacity of 20 m*h [ 63, VITO 2010 ].
(®) The use of a flocculation process can induce a rise in the costs as flocculating agents

need to be bought. In this case the cost would vary according the matrix contents [ 216,
Viavattene et al. 2010 ].

NB: NI = no information provided.

Investment costs are closely related to the size (surface) of the unit used to treat the waste water
volume. An economy of scale effect is evident. Large tanks cannot easily be constructed in
dense urban areas and the cost of land could affect the total cost [ 216, Viavattene et al. 2010 ].

Driving force for implementation

The driving force for implementation is to protect the downstream treatment facilities when it is
used upstream of a treatment plant, and to comply with legal discharge standards by the removal
of suspended solids and associated organics when it is used as a final treatment.

Example plants
Many plants in Europe use sedimentation of solids [ 222, CWW TWG 2013 ].

Reference literature

[ 1, Metcalf and Eddy 1991 ] [ 3. Environment Agency (England and Wales) 1997 ] [ 31,
Kemmer 1988 ] [ 36, NOREC 2000 ] [ 63, VITO 2010 ] [ 216, Viavattene et al. 2010 ] [ 222,
CWW TWG 2013 ][ 247, COM 2003 ][ 251, Ullmann's 2000 ]

3.3.2.3.35 Flotation

Description
Flotation is a process where solid or liquid particles or particulates are separated from the waste
water phase by attaching to fine gas bubbles, usually air (nitrogen or fuel gas are commonly

used in the oil industry). The buoyant particles accumulate at the water surface and are collected
with skimmers [ 1, Metcalf and Eddy 1991 ].

Flocculant additives, such as aluminium and ferric salts, activated silica and various organic
polymers, are commonly used to support the flotation process. Their function, besides
coagulation and flocculation, is to create a surface or a structure able to absorb or entrap the gas
bubbles.

There are three methods of flotation, distinguished by the way the gas (usually air) is added:

o vacuum flotation, where gas is dissolved at atmospheric pressure, followed by a pressure
drop to allow the formation of bubbles;

o induced gas flotation (IGF)/induced air flotation (IAF), where fine bubbles are drawn into
the waste water via an induction device such as a Venturi or orifice plate;

o dissolved gas flotation (DGF)/dissolved air flotation (DAF), where pressurised gas (e.g.
air at 0.4-0.8 MPa, or 1.0—1.2 MPa for aluminium compounds) is dissolved into the waste
water, or part of the total waste water, and subsequently released to form small bubbles.

Common Waste Water and Waste Gas Treatment/Management Systems in the Chemical Sector 183



Chapter 3

A typical DAF device is presented in Figure 3.17.

Depending on the waste water content, it might be necessary to cover the flotation basin and to
take the exhaust air to a gas abatement device. Facilities are necessary to store the
flocculant/coagulant chemicals and the skimmed material.
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Source: [ 1, Metcalf and Eddy 1991 ]

Figure 3.17: Dissolved air flotation with and without recycling

Achieved environmental benefits
Flotation is used to remove suspended solids, oil and fats and COD. Organic compounds are
removed to the extent that they are present as solids or a suspension of droplets.

Abatement efficiencies and emission levels associated with flotation are given in Table 3.14.
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Table 3.14: Abatement efficiencies and emission levels associated with flotation

Pollutant Abatement efficiency | Emission level Comments
(%) (mg/l)
90-98 See Figure 3.18
TSS : 3
85-96 () 5-30 () -
Depending on the effectiveness
NI 5-15 () of the chemical(s) used to support
Oil (both for IGF/IAF flotation as well as the feed
and DGF/DAF) concentration of oil
4 Chemical production, after
NI 2-100) several API separators
('Y [ 96. Neumann et al. 1999 .
(%) As yearly average of 24-hour composite samples [ 222, CWW TWG 2013 ].
(%) [227. CWW TWG 2009 ].
() [33. ETBPP 1997 ].
NB: NI = no information provided.

Cross-media effects

The separated material, if not recyclable, is disposed of as waste. The amount depends on the
material to be removed and the amount of coagulant and flocculant chemicals. Those can vary
depending on the respective applications of flotation.

Consumables and treatment amounts are given in Table 3.15.

Table 3.15: Cross-media effects associated with flotation

Consumable DAF treatment of
activated sludge
Compressed air 8 0.53-0.55
mg/l (%) 0.6-1.2
Flocculant dose ket (3) 2447
Energy (kWh/I 000 m°) 20.6

(") Relative to pressurised water (m°/m°).
(®) Flocculant concentration in the waste water.
() Amount of flocculant relative to the mass of suspended solids in the waste water.

Source: [ 96. Neumann et al. 1999 ]

Sources of noise are the pumps, the mixer and compressor, which have to be equipped with
adequate noise containment measures.

The release of odorous or other volatile substances, if these are to be expected, can be prevented
by covering the vessel or operating in a closed tank and ducting the exhaust air to a gas
abatement system (see Section 3.5.5.4). Retrofitting existing DAF units with covers is very
difficult if they were not intended to be covered. For reducing emissions, in many cases a DAF
unit replacement is required.

Operational data

Monitoring

To ensure reliable operation in terms of monitoring, the turbidity or parameters such as the
COD/TOC (if low hydrocarbon contamination in the effluent) of the effluent has to be
monitored for disturbances. Any excessive foam arising has to be detected in a timely manner
(some foaming is desirable for effective separation). Effluent detection of COD/TOC and TSS is
obligatory.

Common Waste Water and Waste Gas Treatment/Management Systems in the Chemical Sector 185



Chapter 3

Applicability

Flotation is applied when sedimentation is not appropriate, e.g. when:

. the particulates have poor settling characteristics (in the case of a poor sludge volume
index (SVI); however, there is no advantage over sedimentation);
the density difference between the suspended particles and the waste water is too low;

. there is a space constraint at the actual site;

oil and grease are to be removed.

Examples of where and when flotation is applied include:

. at petrochemical sites as a subsequent treatment downstream of oil separation and prior to a

biological WWTP;

the removal of dyes and pigments from respective production waste water;

. recovering product or raw material, e.g. toluene from toluene/water emulsions [ 251, Ullmann's

2000 ], silver halides from the production of photographic chemicals, butylthion or

polysilan from waste water streams;

. the separation of heavy metals from waste water;

. the separation of activated sludge from biological waste water treatment, either after final

clarification [ 10, Rosenwinkel et al. 1999 ] or replacing it;

. thickening of activated sludge from a biological WWTP.

Application limits and restrictions are given in Table 3.16.

Table 3.16: Application limits and restrictions associated with flotation

Issue

Limits/restrictions

Presence of substances Foaming detergents need to be excluded

Though very efficient to remove free oil
Oil from waste water, gross free oil cannot be
handled

Advantages and disadvantages are given in Table 3.17.

Table 3.17: Advantages and disadvantages associated with flotation

Advantages

Disadvantages

e Less volume and thus lower investment costs
required than with sedimentation

e With respect to solid removal, abatement
efficiency unaffected by changes of flow rate
and thus superior to sedimentation, see
Figure 3.18

e Material recovery possible

e High separation efficiency, higher dry matter
content than with sedimentation

Clogging of valves is possible

High potential for odour release; a cover may
be required in case of odour issues, unless
alternatives are effective (e.g. odour
adsorbent)

Higher operating costs than sedimentation
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Figure 3.18: Comparison of separation efficiency of DAF versus sedimentation

Economics
The costs of a flotation unit vary widely, depending on the purpose (Table 3.18).

Table 3.18: Economics associated with air flotation

Elow rate Investment costs Annual operating
(million) costs (thousand)
. 3 DEM 5.0 DEM 800

DAF/activated sludge 1200 m’/h (EUR 2.5) () (EUR 410) ()
DAF/as decentralised 3 DEM 4 500
final treatment () S0 m/h NI (EUR 2 300) ()
DAF System 3 (°) 30 m’/d EUR 0.074 NI
DAF System 4 (°) 70 m’/h EUR 0.11

1997: EUR/DEM = 1.962.

1998: EUR/DEM = 1.972.

(*) Total operating costs, including chemicals for neutralisation, precipitation and flocculation,
dewatering of flotate, incineration of sludge [ 251, Ullmann's 2000 ].

(*) Fixed currency conversion rate from January 1999 onwards: EUR/DEM = 1.956.

63, VITO 2010 ].
The investment costs of EUR 0.1 million (from the year 2007) include a DAF system with a
6

flocculator, polyelectrolyte production unit, dosing unit and slurry pump [ 63, VITO 2010 ].
NB: NI = no information provided.

(") Investment costs include engineering design, civil engineering works, and site preparation. Flotation
was put into operation in 1997 [ 96, Neumann et al. 1999 ]. Average currency conversion rate for

(%) Annual operating costs for 1998 [ 96, Neumann et al. 1999 ]. Average currency conversion rate for

(®) The investment costs of EUR 0.075 million (from the year 2008) include a DAF system with dose
measurement device, equipment for measurement and regulation, slurry tank and control equipment

Indicative investment and operating costs for a DAF plant are given in Table 3.19 as relative to
the flow rate. Though these values are not very near the actual figures, they estimate the degree

of cost increase with increasing plant size.
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Table 3.19: Investment and operating costs associated with air flotation

Flow rate Investment costs Annual operating costs
(m®/h) (in million) (%) (in thousand) (V)
10 GBP 0.1 (EUR 0.12) GBP 10 (EUR 12)
100 GBP 0.1 (EUR 0.12) GBP 20-30 (EUR 24-37)
1 000 GBP 0.5 (EUR 0.61) GBP 50-80 (EUR 61-98)
10 000 GBP 1.0 (EUR 1.2) GBP 500-800 (EUR 610-980)
(") Average currency conversion rate for 1996: EUR/GBP = 0.8188.
Source: [ 32, ETBPP 1996 ]

Compared with sedimentation, flotation offers considerable advantages in many cases, not only
in water treatment and recovery of valuable materials but also in the separation and thickening
of sludge. As a rule, it leads to a higher dry matter content of the resulting concentrate. Because
of higher hydraulic load rates and shorter residence times, smaller apparatus volumes are
required as well. This in turn generally implies lower investment costs, albeit at the expense of
higher operating costs. A comparison may yield a space requirement for sedimentation 50 times
greater than that of flotation. On the other hand, energy costs for flocculation/flotation can be
about 50 times greater than for flocculation/sedimentation. Better opportunities exist with
flotation than with sedimentation for control and adaptation to fluctuating operating conditions,
although taking advantage of these opportunities requires the availability of more highly trained
personnel [ 251, Ullmann's 2000 ].

Driving force for implementation
The main driving force for implementation is to remove suspended solids, oil and fats and
organic pollutants from waste waters.

Example plants
Sectors where flotation is used include the chemical industry [ 222, CWW TWG 2013 ], the
food industry, tank cleaning and refineries.

Reference literature

[ 1, Metcalf and Eddy 1991 ] [ 10, Rosenwinkel et al. 1999 1 [ 32, ETBPP 1996 ] [ 33, ETBPP
1997 1 [ 36, NOREC 2000 ] [ 63, VITO 2010 ] [ 96, Neumann et al. 1999 ] [ 222, CWW TWG
2013 1[227, CWW TWG 2009 ][ 251, Ullmann's 2000 ]

3.3.2.3.3.6 Filtration

Description

Filtration describes the separation of solids from waste water effluents passing through a porous
medium. This technique is rarely used as a stand-alone treatment and is generally combined
with the sedimentation of solids (see Section 3.3.2.3.3.4) or flotation (see Section 3.3.2.3.3.5).
Filters typically require a cleaning operation, i.e. backwashing, with the reverse flow of fresh
water and the accumulated material returned to the sedimentation tank (Section 3.3.2.3.3.4).

Commonly used types of filter systems include:
o the granular-medium filter, or sand filter, which is widely used as a waste water

treatment device (the medium of sand filters need not be literally sand), mainly used with
low solid content;

. the gravity drum filter, used for sewerage treatment and the removal of activated sludge
flocs, its efficiency is dependent on the screen fabric;
. rotary vacuum filter, well-suited to precoat filtration, which is used for oily sludge

dewatering and slop de-emulsification;
. membrane filter (see Section 3.3.2.3.3.7);
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o the belt filter press, which is largely used for sludge dewatering, but also for liquid/solid
separation operations (see Section 3.4.2.2);

o filter press, which is usually used for sludge dewatering (see Section 3.4.2.2), but also
for liquid/solid operations, suitable for high solid content.

Sand filters consist of a granular-medium filter bed with either downward or upward flow. The
filter bed can be mono- or multi-media. The operation can be semi-continuous (where filtration
and backwashing occur sequentially) or continuous (where filtration and backwashing operate
simultaneously). The main differences between the two operation modes are:

o semi-continuously operated sand filters are run up to turbidity breakthrough, when the
solid content in the effluent starts to increase, or to limiting head loss;
o continuously operated sand filters have no turbidity breakthrough or terminal head loss.

Sand filters work either by the force of gravity or an applied pressure force. Examples are given
in Figure 3.19 for the conventional downflow multi-media gravity-flow sand filter and in
Figure 3.20 for the pressure filter.

Drum filters consist of a cylinder on which the filtration surface is wrapped. They are either
operated as a gravitational drum filter that can be charged on the inside or the outside, or as a
rotary vacuum filter with the inside or outside of the drum enclosed and connected to a vacuum
pump. The filter cake is removed from the drum by different means. An example of a rotary
vacuum filter is given in Figure 3.21.

Belt filter presses and filter presses as typical sludge dewatering facilities are described in
Section 3.4.2.2.

Filter media can be characterised in terms of criteria, such as [ 253, Ullmann's 2009 ]:

cut size, i.e. the particle size that can pass through the filter medium;

permeability; high permeability is characterised by a low pressure drop;

chemical stability with respect to the filtrate;

blocking tendency, particularly for fabrics in cake filtration;

mechanical strength in relation to loads imposed in back-blowing or the movement of
filter cloths;

o smooth surface to promote cake removal.
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Figure 3.19: Conventional multi-media gravity-flow sand filter
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Figure 3.20: Pressure filter
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Cake discharge

a) Dewatering zone, b) Rotary valve,
c) Settling zone, d) Suction zone

Source: [ 253, Ullmann's 2009 ]

Figure 3.21: Rotary vacuum filter

Suspensions made up of relatively fine, soft or compressible solids often fill or block the filter
medium, unless this blocking is prevented by filter aids, i.e. inert, readily filterable granular
material. These filter aids form a layer that is permeable for the filtrate and at the same time
carry out the functions of a loose filter cake. The retained particles are deposited on the filter
aid. Examples of filter aids are diatomaceous earth perlites, Fuller's earth powdered glass, coal
preparations, cellulose fibres, wood pulp, paper stock, bagasse, talc and plastics [ 253,
Ullmann's 2009 ].

Filter aids are used in precoating, i.e. a layer of filter aid is deposited on the filter medium
before filtration starts. During filtration, it is added continuously to the slurry to maintain the
necessary ratio for proper and efficient filtration.

Achieved environmental benefits
The environmental benefits that can be achieved by using filtration are given in Table 3.20.

Table 3.20: Abatement efficiencies and emission levels associated with filtration

Pollutant Abatement efficiency Emission level Comments
(%) (mg/l)
TSS NI <10 mg/1 (") Activated sludge floc
50-99.99 (%) NI Sand filter, dependent on filter aids

(") [247. COM 2003 1.
(%) [63. VITO 2010 ].

NB: NI = no information provided.
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Cross-media effects

When a granular filter, e.g. a sand filter, is used, the backwashed material is normally
recirculated to the process from where it originated, e.g. to the sedimentation tank or the
activated sludge basin of the biological WWTP. The residue from other kinds of filters (drum
filter, belt filter, etc.) can either be recycled or needs to be discharged of as waste or to undergo
further treatment.

Sand filtration, as an example of deep-bed filtration, entails less frequent backwashing than cake
filtration (e.g. belt or drum filtration) and thus a lower requirement for backwash water. For this
reason, cake filtration is applied only in exceptional cases in waste water treatment (see
examples above in this chapter) [ 253, Ullmann's 2009 ].

Table 3.21 lists consumables for the filtration technique.

Table 3.21: Consumables associated with filtration

Consumable Sand filter Drum filter

In oily water removal, the backwash

Water for backwashing water is typically 4—7 % of the NI
forward processed flow volume

Water fpr vacuum NI NI

generation

Filter aids NI NI

Energy (kWh/I 000 m®) NI NI

Pressure drop NI NI

NB: NI = no information provided.

The operating equipment can be a significant noise source, which can be controlled by
enclosing the main sources.

If odorous substances are released, closed devices might be necessary (see Section 3.5.5.4).
Pressure filters and filter presses are placed in closed vessels and the exhaust air passes through
a duct to a gas abatement system.

Operational data

Monitoring

To ensure reliable operation, the turbidity of the filtered effluent has to be monitored to
recognise disturbances, or a breakthrough with the semi-continuous sand filter. The pressure
drop has to be registered to indicate clogging and barring.

Applicability

In waste water treatment, filtration is frequently used as the final separation stage after
sedimentation processes (see Section 3.3.2.3.3.4) or flotation (see Section 3.3.2.3.3.5), if low
emissions of particulates are wanted, such as:

. separation of floc, heavy metal hydroxides, etc. after sedimentation, to cope with
discharge requirements;

. removal of activated sludge after the central biological WWTP, in addition to
sedimentation, to improve the quality of biologically treated waste water effluent;

. dewatering of sludge, flotate, etc.;

. recovery of free oil, with rotary drum filters and the help of polymer addition.

Application limits and restrictions are given in Table 3.22.
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Table 3.22: Application limits and restrictions associated with filtration

Issue Limits/restrictions

Cannot be separated
Colloids, emulsions without additional
chemical treatment

Can block the filter
medium, if filter aids not
used

Finely dispersed or slimy
solids

Advantages and disadvantages are given in Table 3.23.

Table 3.23: Advantages and disadvantages associated with filtration

Advantages Disadvantages

e High separation efficiency

e Pollutants other than suspended solids can
be removed under certain circumstances,
such as oil

e Operation under a wide range of conditions

o Clogging and fouling processes are possible
with semi-continuous sand filters

¢ Breakthrough can cause additional pollution
of the effluent

Economics

Filtration is a relatively inexpensive simple treatment option usually used to complement other
more complex process. The investment costs are related to the volume of water to be treated.
Investment and operating costs for a simple filtration system are given in Table 3.24.

Table 3.24: Economics associated with filtration

Operating and

Filtration system Investment costs maintenance
costs
Simple filtration system (') | EUR < 0.1 per m’ About E[rjn% 0.01 per
Industrial continuous sand EUR 50 000 NI

filtration system (%)
(") [ 216. Viavattene et al. 2010 ].
(%) Flow rate 50 m*/h [ 63. VITO 2010 ].

NB: NI = no information provided.

Driving force for implementation

The driving force for implementation is to reduce the amount of suspended solids in the final
waste water effluents and to meet the legal discharge standards. If filtration is used for sludge
treatment purposes, the driving force for implementation is to reduce the water content and
subsequent volume of the sludge produced.

Example plants
Sectors where sand filtration is used include the chemical industry, refineries, car washes, the
food and drink industry, slaughterhouses, and the surface treatment of metals.

Reference literature
[ 1, Metcalf and Eddy 1991 ] [ 63, VITO 2010 ] [ 216, Viavattene et al. 2010 ] [ 247, COM
2003 ][ 253, Ullmann's 2009 ]
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3.3.2.3.3.7 Microfiltration and ultrafiltration

Description

Microfiltration (MF) and ultrafiltration (UF) are membrane processes that retain certain
substances contained in waste waters on one side of the membrane. The liquid that permeates
through the membrane is referred to as the permeate. The liquid that is retained is referred to as
the concentrate. The driving force of the process is the pressure difference across the membrane.
Both are special and elaborate filtration techniques, already mentioned in the preceding
Section 3.3.2.3.3.6.

Membranes used for MF and UF are 'pore-type' membranes which operate like sieves. The
solvent and particles of molecular size can pass through the pores, whereas suspended particles,

colloidal particles, bacteria, viruses, and even larger macromolecules are held back.

Typical characteristics are shown in Table 3.25.

Table 3.25: Characteristics of microfiltration (MF) and ultrafiltration (UF)

Parameter Microfiltration Ultrafiltration

Pore diameter (um) (') 0.1-1 0.001-0.1
Operating pressure 0.02-0.5 0.2-1

(MPa) ()

10-100, includes
macromolecules, viruses,
Cut-off size (nm) > 100, includes bacteria colloidal particles
1 000-100 000 g/mol

for solutions

Permeate flow

(U(m’xh)) 50-1 000 <100
Cross-flow speed
2-6 1-6

(m/s) ()
Membrane type () Polymeric, or ceramic Polymeric, or ceramic

asymmetric asymmetric
Membrane Hollow-fibre, Hollow-fibre,
configuration (*) tubular tubular

(") [ 3. Environment Agency (England and Wales) 1997 ].

() [ 254, Ullmann's 2009 ].
() [ 33. ETBPP 1997 ].

Membranes for MF and UF are available in several materials and configurations. The optimum
modification for a particular application will depend on the nature of the waste water, since the
different materials have varying resistances to dissolved substances. Membrane materials for
MF include glass fibre, polycarbonate, polyvinylidene fluoride, cellulose acetate and polyamide.

Suitable materials for UF are normally organic polymers, e.g. cellulose acetate, polyamide,
polyimide, polycarbonate, polyvinylchloride, polysulphone, polyethersulphone, polyacetal,
copolymers of acrylonitrile and vinyl chloride, polyelectrolyte complexes, cross-linked
polyvinyl alcohol or polyacrylates.

Polyvinylidene fluoride membranes have the advantage that they can be cleaned with strong
acids, caustic soda and bleaches.

The membrane filter process is usually run cross-flow, i.e. the permeate flow is directed
perpendicular to the feed flow. The impurities remain in the feed which, reducing in volume,
leaves the membrane system as a concentrated waste stream.

Storage facilities for the concentrate should be available.
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Achieved environmental benefits
The TSS abatement efficiency associated with microfiltration and ultrafiltration is generally
>99 9% [ 63, VITO 2010 ].

Cross-media effects

Membrane treatment produces a residue (concentrate) of approximately 10 % of the original
feed volume, in which the target substances are present at levels approximately 10 times their
concentration in the original feed. An assessment should be made of whether this residue can be
disposed of.

With organic suspended substances, the concentration increase might improve the conditions for
subsequent oxidative destruction processes. With inorganic suspended substances, the
concentration stage could be used as part of a recovery process. In both cases, the permeate
water from a membrane process can potentially be reused or recycled in the industrial process,
thus reducing water input and discharge.

Consumables are given in Table 3.26.

Table 3.26: Consumables associated with microfiltration and ultrafiltration

Consumables MF UF
Membrane material NI NI
Chemicals (anti-scaling, anti-
fouling, backwashing, etc.) NI NI
Energy (kWh/m®) 2-20 (") 1-10 (H
Pressure drop See Table 3.25 See Table 3.25

(") It seems rather surprising that MF, the process with the lowest pressure drop, consumes more energy than the
processes with high pressure drops. The reason is the occurrence of concentration polarisation and fouling. In
MF, and to a lesser extent in UF, this phenomenon is very severe and it results in a drastic flux decline [ 88,

Mulder 1994 ].

NB: NI = no information provided.

The energy consumption is directly related to the cross-flow rate and pressure requirements. It is
generally associated with maintaining a minimum velocity of about 2 m/s across the membrane
surface.

A source of noise is the pumping equipment, which can be enclosed.

Operational data

Monitoring

To ensure reliable operation, the pressure difference across the membrane has to be monitored
continuously.

Applicability

Membrane filtration (MF and UF) is applied when a solid-free waste water for downstream
facilities, e.g. reverse osmosis or the complete removal of hazardous contaminants such as
insoluble heavy metals, is desired. The choice between MF and UF depends on the particle size.

Common MF applications include [ 33, ETBPP 1997 ] [ 10, Rosenwinkel et al. 1999 ]

degreasing processes;

metal particle recovery;

metal plating waste water treatment;

sludge separation after the activated sludge process in a central biological WWTP,
replacing a secondary clarifier (activated membrane process), though UF can also be
used.
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Common UF applications include:

. removal of non-toxic degradable pollutants such as proteins and other macromolecular
compounds and toxic non-degradable compounds, e.g. dyes and paints, with molecular
weights greater than 1 000;
segregation of oil/water emulsions;

. separation of heavy metals after complexation or precipitation;
separation of compounds not readily degradable in sewerage treatment effluents, which
are subsequently recycled to the biological stage;

. pretreatment step prior to reverse osmosis (see Section 3.3.2.3.4.7) or ion exchange (see
Section 3.3.2.3.4.11).

Application limits and restrictions are given in Table 3.27.

Table 3.27: Application limits and restrictions associated with microfiltration and ultrafiltration

Issue Limits/restrictions

Vulnerable to chemical
Membrane material attacks, depending on
waste water content

Advantages and disadvantages are given in Table 3.28.

Table 3.28: Advantages and disadvantages associated with microfiltration and ultrafiltration

Advantages Disadvantages

¢ Clogging, plugging and fouling are possible

e Compaction in the presence of softening agents

e High operating pressure, therefore high pumping
energy demand

¢ No mechanical stability

e High separation efficiency
e Modular systems, i.e. flexible in usage

Economics
Economics associated with microfiltration and ultrafiltration are given in Table 3.29.
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Table 3.29: Economics associated with microfiltration and ultrafiltration

Technique Flow rate Investment costs Op:g;t;ng Replacement costs
GBP 400-1 500 GBP 80-350
NI (EUR 570-2 150) NI (EUR 110-500)
MF per m’ membrane (') per m® membrane (')
EUR 0.10-0.15 per
25m’/d (®) | EUR 25000-50 000 (%) m’ permeate NI
produced (%)
GBP 400-1 500 GBP 80-350
NI (EUR 570-2 150) NI (EUR 110-500)
per m” membrane (') per m” membrane (')
UF
650 m*/h (*) | About EUR 2 000 000 (%) NI NI
64 m*/d () About EUR 56 000 (%) NI NI

(") For hollow fibre, spiral and ceramic membranes [ 33, ETBPP 1997 ]. Average currency conversion rate for 1997:
EUR/GBP = 0.6971.
(%) [ 63. VITO 2010 ].

NB: NI = no information provided.

The total investment costs, including automated cleaning facilities, can be broken down
approximately as follows [ 33, ETBPP 1997 |:

pumps30 %

replaceable membrane components20 %
membrane modules (housings)10 %
pipework, valves, framework20 %
control system15 %

other5 %.

The operating costs [ 33, ETBPP 1997 ] are derived from:

energy cost of maintaining the hydrostatic pressure and flow rate of the systems;
expected membrane life;

cleaning regime required;

site-specific factors, e.g. labour requirements.

The operating costs can be broken down approximately as follows [ 33, ETBPP 1997 ]:

replaceable membrane components35-50 %
cleaning12-35 %

energy15-20 %

labour15-18 %.

Driving force for implementation
The driving force for using the technique is to achieve a quasi-solid-free effluent for further use
or discharge.

Example plants
Sectors where microfiltration or ultrafiltration are used include the food industry (cheese, milk,
juices, wine, beer), the metal industry, the textile industry, and the pharmaceutical industry.

Reference literature
[ 3, Environment Agency (England and Wales) 1997 ] [ 10, Rosenwinkel et al. 1999 ] [ 33,
ETBPP 1997 1[ 63, VITO 2010 ] [ 88, Mulder 1994 ][ 254, Ullmann's 2009 ]
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3.3.2.3.3.8 Oil-water separation

Description
The separation of oil and water and subsequent oil removal can be divided into:

gravity separation of free oil, using separation equipment;
emulsion breaking, using emulsion breaking chemicals, such as:

° polyvalent metal salts such as alum, aluminium trichloride, ferrous chloride,
ferrous sulphate;

° mineral acids such as sulphuric acid, hydrochloric acid, nitric acid,

° adsorbents such as pulverised clay, lime;

° organic polymers such as polyamines, polyacrylates, and the subsequent separation

of de-emulsified oil

Section 3.3.2.3.3.5).

by coagulation/flocculation

The commonly used oil-water separators are:

and flotation

(see

the American Petroleum Institute (API) separator as the simplest type, consisting of

an open rectangular basin and a flight scraper, the latter moving the sludge to a collection
pit and the oil to the skimming device; able to intercept large slugs of oil (see
Figure 3.22);

the parallel plate interceptor (PPI), equipped with plates parallel to the current which

enlarge the active surface area immensely and an oil skimming device, not suitable to
intercept large slugs (see Figure 3.23);

the corrugated plate interceptor (CPI), equipped with corrugated plate packs placed

countercurrent and an oil skimming device, not suitable to intercept large slugs, but

possessing a good separation efficiency (see Figure 3.24).
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Source: [ 31, Kemmer 1988 ]
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Figure 3.22: American Petroleum Institute (API) separator

To collect the oil phase and remove it either to recovery or further treatment, several kinds of

skimming equipment are used, e.g.:

fixed pipe skimmers;
rotating trough skimmers;

. rotating disc or drum skimmers.
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Storage facilities for the skimmed oil and the sludge are necessary if the oil cannot be recycled
immediately.

Oil skimmer Separated )
oil /- Qil dam
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oil-water V Ou_tlet
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1 = T Clean
- water
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t_"ﬁ\}\ - Drain
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Source: [ 31, Kemmer 1988 ]

Figure 3.23: Parallel plate interceptor (PPI)
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Figure 3.24: Corrugated plate interceptor (CPI)

Achieved environmental benefits

Abatement efficiencies and emission levels associated with oil-water separation are given in
Table 3.30.
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Table 3.30: Abatement efficiencies and emission levels associated with oil-water separation

Abatement Emission level ()
Pollutants efficiency (V) (mg/l) Comments
(%) J
80 ()-95 NI —
Oil 3 API separator,
NI 40-70 mg/l () chemicl;l industry
Solid 90-95 NI —

(") The abatement efficiencies and emission levels are indicative and depend on the specific type and
design of oil-water separators used, the feed concentration of pollutant(s), the physical characteristics
of the oil-water mixtures present in the waste water (i.e. size of the oil droplets), etc. When the oil
exists as extremely small particles and emulsions (e.g. when surfactants, solvents or detergents are
present), oil-water separators may not be very effective [ 233, Oldcastle 1996 ].

() [227. CWW TWG 2009 ].

(®) [ 33, ETBPP 1997 ].

NB: NI = no information provided.

Cross-media effects

The skimmed oil is generally sent back to the process units, where it is reused after minor
cleaning operations. Otherwise, it is chemical waste and has to be adequately disposed of
together with the separated solids.

Oil-water separators, when not covered, are often major contributors to VOC releases in waste
water treatment systems of which they are part. Surface covering achieves a significant VOC
release reduction. On the other hand, covering can cause skimming problems and the operation
of the equipment cannot easily be checked. The local situation will determine which option is
taken. If the separator is covered, the waste gas needs to be ducted to an abatement system that
includes an adequate safety system, such as pressurised nitrogen, to avoid explosion risk.
Surface covering achieves a VOC release reduction of about 95 % and should be considered
when emissions from the WWTP are a significant contributor to the total VOC emissions of the
plant.

Sources of noise are the pumps, which are usually enclosed, and the skimming device. Where
appropriate, control measures need to be taken.

Consumables are given in Table 3.31.

Table 3.31: Consumables associated with oil-water separation

Consumables API PPI CPI
Nitrogen f.rom1 pressurised system as a 0.05 m/h NI NI
safety device ()
Energy (kWh/m’) NI NI NI

(") Nitrogen gas flow relative to surface area (m’*/(m”xh)).

NB: NI = no information provided.

Operational data

Monitoring

The outlet has to be regularly monitored visually to ensure proper operation, e.g. by oil build-up
checks. The skimmer device and oil dam have to undergo regular maintenance.

Applicability

Oil-water separation is applied to remove oil, grease and other non-soluble liquids lighter than
the aqueous phase from waste water, mainly at petrochemical sites. It is normally not a stand-
alone process, but followed by flotation (IAF or DAF), supported by coagulation/flocculation
(see Section 3.3.2.3.3.5). The API separator is also used as a control device to protect
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downstream equipment against large oil slugs originating, e.g. from an operational failure,
whereas the PPI and CPI show a higher efficiency in the removal of smaller oil droplets.

Advantages and disadvantages are given in Table 3.32.

Table 3.32: Advantages and disadvantages associated with oil-water separation

Advantages Disadvantages
e Qil can be recovered and recycled to the e Only API separators can intercept large
process units slugs of free oil and solids (as in an
o Efficiency increase in the order API emergency case)
separator — PPI — CPI concerning the e In the case of PPIs and CPIs, plates are
removal of small oil droplets and the ratio susceptible to fouling, so there is an
of active surface area/ground area increased maintenance requirement
o Cannot separate soluble substances

Economics
Economics associated with oil-water separation are given in Table 3.33.

Table 3.33: Economics associated with oil-water separation

Oil-water Flow rate Investment costs Operating
separator costs
API NI NI NI
PPI NI NI NI
CPI 21/s EUR 3 000-3 500 NI
10 I/s EUR 5 500-8 500 NI
NB: NI = no information provided.
Source: [ 63, VITO 2010 ]

For effective emulsion breaking, large quantities of support products are often needed which
makes the technique relatively expensive. The costs associated with breaking emulsions are
mainly determined by the required quantity of chemicals and the price of these chemicals (the
dosage level and the cost per kilogram). Dosage is determined by the quantity of emulsified
matter and normally lies between 0.5 g/m’ and 1 000 g/m’.

Driving force for implementation
The drivers for using the technique is oil recovery for reuse/recycling and pollution prevention.

Example plants
Oil-water separation is used at almost all petrochemical installations (e.g. WWTP #26 [ 222,
CWW TWG 2013 ]) as well as in refineries.

Reference literature
[31, Kemmer 1988 ] [ 33, ETBPP 1997 ] [ 63, VITO 2010] [ 222, CWW TWG 2013 ] [ 227,
CWW TWG 2009 ] [ 233, Oldcastle 1996 ]
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3.3.2.3.3.9 Hydrocyclone

Description

A hydrocyclone is used to separate suspended solids with a diameter of 5 um to 1 000 pum that
are likely to sink and resistant to shearing forces. It separates the particles by using the
centrifugal force generated as the liquid enters the cyclone tangentially at high speeds and is
accelerated by the conical middle section. This creates a liquid vortex in the cyclone. A
hydrocyclone is often divided into four parts:

1.Inlet section: consists of a cylindrical supply chamber into which the incoming flow enters.

2.0verflow section: light particles leave through this section at the top of the hydrocyclone.

3.Conical section: consists of a cone-shaped surface where the liquid accelerates. This
acceleration is caused by the angle and the geometrics of the conical surface which helps
in achieving higher centrifugal forces.

4.Tail section: located at the bottom of the hydrocyclone for extending the retention period for
separation.

The smaller the diameter of the cyclone, the greater the centrifugal force that will be generated
as the liquid is forced to take a sharp turn. Light components leave the hydrocyclone through the
top, while heavier components are collected at the bottom. The presence of centrifugal forces
both in hydrocyclones and in centrifuges might be confusing; however, they are two different
pieces of equipment. A hydrocyclone does not have moving parts and the magnitude of the
centrifugal force generated is around 1 000 times greater than gravity, whereas a centrifuge is an
equipment with moving parts generating a centrifugal force greater than that in a hydrocyclone.
If a solid particle settles by gravity within two minutes then a hydrocyclone is likely to be
selected for the particle separation purpose. On the other hand, if the settling of the particle
takes more than two minutes, then a centrifuge is likely to be selected.

The separation capability when various hydrocyclones are compared is expressed as 'ds, cut-
size'. The 'dso cut-size' represents the minimum size of the particles that are at least 50 %
removed by the cyclone. These particles are then separated as slurry at the bottom of the
cyclone. The dry matter content in the slurry is between 1% and 10 %. A hydrocyclone
designed for a flow of 100 m’/h takes up around 20 m’.

Achieved environmental benefits
The removal of suspended solids with a diameter of 5 pm to 1 000 pm and likely to settle within
two minutes under gravitational force is an environmental benefit of this technique.

Cross-media effects
Depending on the application, a layer of sludge will form at the bottom of the hydrocyclone,
which must be disposed of or subsequently processed.

Operational data
For crude oil processing, cyclones are used to separate oil and water and oil droplets equal to or
greater than 30 um with a removal efficiency of 98 %.

Applicability

A hydrocyclone should ideally feature a consistent supply of feed. The presence of long fibres
in the liquid should be avoided when hydrocyclones are used. Hydrocyclones have a wide range
of applications and are primarily used as a separation technique for the:

. separation of fine particles: the removal of large crystals in crystallisation systems;

. removal of large particles: such as the removal of waste from fruit juices;

. preparation of solutions or suspensions via controlled mixing of solid particles and
water;

. gravitational separation of organic material from sugar beet effluents;

° separation of oil and water.
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Economics

For a steel hydrocyclone system with standard instrumentation and for oil separation from an
aqueous flow of 1 000 m*/d, the investment costs amount to approximately EUR 250 000. These
costs only relate to the investment costs concerning the hydrocyclone installation. They include
the required equipment like pumps, piping and sludge tanks. Other costs, like water
pretreatment, drainage, drying, electrical and mechanical installation costs, have not been
included.

Driving force for implementation
To remove suspended solids with a diameter of 5 um to 1000 um which are likely to settle
under gravitational force is the driving force for the implementation of hydrocyclone.

Example plants
Levis Akzo Nobel BE — Vilvoorde plant (production of varnish).

Reference literature
[ 63, VITO 2010 ]

3.3.2.3.3.10 Electrocoagulation

Description

The aim of electrocoagulation is to form precipitates and compounds between colloids so these
substances can be separated in subsequent operations. The release of coagulants in the waste
water to be treated is realised by electrolytically dissolving an electrode (i.e. anode, normally
made of Fe or Al). When the electrode is dissolved, gas is released (i.e. O,, H,) which results in
a flotation effect. If necessary, a (support) flocculant can be added to improve the flotation
yield.

A schematic of the technique is presented in Figure 3.25.

Influent ——»

Effluent

——» Coagulated particles

Cathode
Anode

—» Sediments

Figure 3.25: Electrocoagulation
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In its simplest form, an electrocoagulation reactor consists of an electrolytic cell with an anode
and a cathode. When the electrodes are connected to a power supply, an oxidation reaction takes
place at the anode (positive electrode), while a reduction reaction takes place at the cathode
(negative electrode).

Electroflotation could possibly be implemented after electrocoagulation. During electroflotation,
electrolysis is used to split H,O into H, and O,. This involves the creation of gas bubbles, which
ensure flotation. This approach is suited to small-scale systems, and when electricity is
inexpensive.

Achieved environmental benefits
Electrocoagulation can be implemented for the removal of:

settleable, suspended and dissolved substances;

suspended substances and colloidal particles by destabilising surface loads;

animal and plant oils and fats;

organic compounds (BOD and COD);

nutrients (e.g. phosphates);

heavy metals in the form of oxides or insoluble Fe or Al precipitates (e.g. As, Cd, Co,
Cr(VI), Cu, Hg, Mo, Ni, Pb and Zn);

inorganic salts (e.g. CN');

. complex organic molecules, e.g. colourants (oxidation).

Furthermore, electrocoagulation can be implemented for breaking down oil emulsions in water,
and the inactivation of bacteria, viruses and cysts.

Although a certain drop in dissolved COD is observed in many cases, this technique is not
particularly suited for the removal of dissolved organic molecules, though it is suited for the
removal of heavy metals, emulsions and colloids. Removal yields for metals, emulsions and
colloids are comparable to those of a classic physico-chemical treatment (using coagulation and
flocculation, see Section 3.3.2.3.3.3).

Cross-media effects
The silt is more compact and easier to dewater than in conventional physico-chemical treatment
(using coagulants and flocculants, see Section 3.3.2.3.3.3).

In principle, no support substances are added unless the conductivity of the waste water has to
be increased (by the addition of salts). Active substances (coagulants in the form of Fe or Al)
are released via anodic reactions and react with the pollutants present in the waste water. The
anode therefore needs to be replaced on a regular basis due to its gradual dissolution in the
waste water.

Energy consumption is another cross-media effect.

Operational data
Minimum conductivity of waste water is required, which is achieved by the addition of salts.

Although the technique itself is very simple, potential reactions could be complex and difficult
to predict. In general, the more difficult the waste water matrix (the amount and type of
pollutants present), the more complex the reactions and the more unpredictable the result.
Laboratory tests are needed to verify the applicability of the technique.

Applicability
Advantages and disadvantages are given in Table 3.34.
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Table 3.34: Advantages and disadvantages associated with electrocoagulation

Advantages

Disadvantages

Relatively easy installation and operation
The formed silt floccules are larger, more
stable and easier to dewater than classic
physico-chemical silt

In comparison with physico-chemistry, the
effluent of electrocoagulation contains fewer
dissolved organic substances

It is possible to remove very small colloidal
particles

The gas bubbles formed will push the light
silt upwards, where it can be easily removed

The anode is dissolved in a waste water
flow because of the oxidation, and must
thus be replaced on a regular basis

The cathode is subjected to passive
reactions (precipitation from reduced
metals and hydroxides) that, as time
passes, increase the resistance of the cell
and thus reduce the yield

Depending on the conductivity and
pollutants, the electrical capacity required
in the cell could rise significantly

e The technique contains no or very few
moving parts and is operated electronically,
whereby maintenance costs (other than
cleaning and replacing electrodes) are fairly
low

e No chemicals are needed; coagulant is
released by anode reactions. As a result,
chemical overdose is not possible

Economics

Average costs are equal to or higher than conventional techniques (e.g. coagulation and
flocculation, see Section 3.3.2.3.3.3). For the treatment of waste water with electrocoagulation,
a minimum of EUR 0.15 per m’ can be anticipated for large installations. These costs arise
primarily from the use of electricity and, to a lesser degree, from the replacement of electrodes.

To treat a waste water flow of 1 m’/h with a load of £ 200 mg metals/l, investment costs of
about EUR 150 000 can be foreseen. In this case, energy use amounts to 1 kW/m’.

To treat a waste water flow of 4 m’/d with a load of 1 500 ppm of TP, an investment of about
EUR 100 000 can be anticipated (without silt treatment and disposal). The removal yield for TP
amounts to 80 %. The total treatment cost amounts to EUR 15 per m’ of waste water treated.

A company that coats metal surfaces with chromium has a waste water volume of 250 m*/yr.
The energy used by the company to run the technique is in the range of 0.8—1 kW/m’ of waste
water treated, and the total treatment cost amounts to EUR 19 per m’ of waste water treated.
Concentrations of heavy metals in the effluent after treatment are less than 0.2 ppm, thus the
water can be reused.

Driving force for implementation
The driving force for implementing the technique is to reduce the discharge of pollutants to the
receiving water.

Example plants
Sectors in which electrocoagulation is used include paint, gloss, varnish and printing-ink
production, as well as the surface treatment of metals.

Reference literature
[ 63, VITO 2010 ]
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3.3.2.34 Soluble non-biodegradable or inhibitory contaminants/physico-chemical
treatment
332341 Overview

Soluble non-biodegradable or inhibitory waste water contaminants can be subdivided into three
classes of compounds:

. inorganic compounds such as salts or heavy metal compounds;
. organic compounds as a source for refractory TOC;
. inhibitory organic or inorganic compounds that disturb the biological process in a

biological WWTP, for example solid materials and sand, emulsions, oil and fat.

Inorganic compounds are not affected by biological treatment and can, like refractory TOC,
tend to disturb the biological process in a biological WWTP. Both usually need special
pretreatment upstream of a central WWTP. Pretreatment operations are:

. chemical transformations to form solid products that are separated in a follow-up process
as described in Section 3.3.2.3.3 (see Section 3.3.2.3.4.2 and 3.3.2.3.4.3);
. chemical degradation processes to form biodegradable contaminants (see Sections

3.3.2.3.4.4t03.3.2.3.4.6);

. physical elimination processes (see Sections 3.3.2.3.4.10 to 3.3.2.3.4.17);

. incineration processes to form gaseous and solid residues that can be separated from the
waste water stream (see Section 3.3.2.3.4.18).

On new chemical sites in Germany it is common practice to use these pretreatment operations
(or process-integrated techniques instead) with tributary streams carrying a relevant non-
biodegradable load (e.g. TOC elimination rates below 80 % and a refractory TOC load of about
20 kg/d, 300 kg/yr and 1 kg/t of product, independent of the local situation). At existing sites,
those measures are implemented when they can achieve an optimum performance, considering
the ratio between environmental benefits and costs; for details see Section 3.1.5.2.3.

3.3.2.34.2 Chemical precipitation

Description

Precipitation is a chemical reaction to form particulates (i.e. solid precipitate) that can be
separated from the water portion by an additional process, such as sedimentation
(Section 3.3.2.3.3.4), air flotation (Section 3.3.2.3.3.5), filtration (Section 3.3.2.3.3.6) and, if
necessary, followed by MF or UF (Section 3.3.2.3.3.7). Fine separation by membrane
techniques might be necessary to protect downstream facilities or to prevent the discharge of
hazardous particulates. It might also be a useful technique to remove colloidal precipitates (e.g.
heavy metal sulphides).

In the case of heavy metals, precipitation is generally carried out as close as possible to the
source in order to avoid dilution. In contrast, the precipitation of phosphorus is usually carried
out during final treatment (see Section 3.3.2.3.5.7).

A precipitation facility usually consists of one or two stirred mixing tanks, where the agent
causing precipitation (i.e. precipitation chemicals) and possibly other chemicals
(e.g. flocculants) are added, a sedimentation tank and storage tanks for the chemical agents. If
needed, as mentioned above, further treatment equipment is added. The sedimentation tank
might be replaced downstream by other sludge collecting systems.
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Typical precipitation chemicals are:

o lime (with lime milk, the preparation devices are part of the treatment unit) to precipitate
heavy metals;

dolomite to precipitate heavy metals;

sodium hydroxide to precipitate heavy metals;

sodium carbonate to precipitate heavy metals;

calcium salts (other than lime) to precipitate sulphate or fluoride;

sodium sulphide to precipitate heavy metals, e.g. arsenic, mercury, chromium, cadmium,
nickel;

. polyorganosulphides to precipitate mercury.

These are often accompanied with flocculants to assist further separation, such as:

ferrous and ferric salts;

aluminium sulphate;

polymers (cationic, anionic or non-ionic);
polyorganosulphides.

Conventional hydroxide precipitation for removing heavy metals from waste water exhibit the
drawbacks given below.

o Some metal hydroxides tend to redissolve upon increasing the pH value above a certain
critical value. This is called 'amphoterism'. When the waste water contains a mixture of
heavy metals, the pH ideally suited for efficient removal of one metal may be
unfavourable for efficient removal of the others.

o Metal hydroxide precipitation is incomplete in the presence of chelating agents such as
EDTA.

The precipitation of metals as hydroxides is most commonly used. Lower concentrations can be
reached if metals are precipitated as sulphides [ 63, VITO 2010 ].

Achieved environmental benefits
Precipitation is used to remove metals and other inorganics (e.g. phosphorus or phosphate

compounds), fats, oils, greases and some other organic compounds from waste waters [ 227,
CWW TWG 2009 ] [ 234, US EPA 2000 ].

Achievable emission levels for heavy metals vary greatly, depending on the particular situation
possible. Variables may include:

o the removal of a single heavy metal species from the inorganic waste water matrix;
o the removal of a heavy metal mix from the inorganic waste water matrix;
o the removal of heavy metals from the organic waste water matrix with a tendency to form

metal complexes, e.g. dye agents.

Chemical precipitation has a high yield and the achievable final concentration is determined by
the compound's solubility product. It is difficult to determine the final concentration for a
combination of pollutants due to the interaction of substances with each other. Achievable end
concentrations for single metals with Ca(OH), as the reagent are 1-10 mg/l and approximately
0.1-1 mg/1 for copper, lead, silver and cadmium with S* [ 63, VITO 2010 ].

Some performance data can be found in the OFC BREF [ 105, COM 2006 ].

Cross-media effects
The precipitants usually have to be disposed of as sludge. Often this sludge is classified as
chemical waste, at least if heavy metals are involved. This waste may contain carbonates,
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fluorides, hydroxides (or oxides), phosphates, sulphates, and sulphides of heavy metals
depending on the precipitating agent used.

Sources of noise are pumps and sludge removal facilities. Appropriate measures for noise
control should be taken (e.g. equipment enclosure).

If the release of volatile and odorous substances can be expected (e.g. when precipitating metals
as sulphides, H,S can occur), precipitation should be operated in closed tanks or covered basins

with ducts to gas abatement facilities (see Section 3.5.5.4).

Consumables are given in Table 3.35.

Table 3.35: Consumables associated with chemical precipitation

Consumable Amount

Dependent on contaminant load

Theoretical consumption of some precipitation
agents in kg to precipitate one kg of metal ions
Precipitation agent (e.g. lime, dolomite, ferrous 5
and ferric salts, ferrous sulphate/sodium CaO: 0.88 for Cu, 0.96 for Ni, 1.62 for Cr, 0.86

sulphide, aluminium sulphate, polymers, for Zn

polyorganosulphides) Ca(OH),: 1.16 for Cu, 1.26 for Ni, 2.13 for Cr,
1.14 for Zn

NaOH: 1.26 for Cu, 1.36 for Ni, 2.31 for Cr,
1.22 for Zn
Energy (kWh/m’) NI

NB: NI = no information provided.
Source: [ 83, T1 2007 ]

Operational data

Monitoring

During the precipitation process, the pH value and the dosage of agents, flocculants and/or
coagulants have to be carefully adjusted.

A chemical precipitation facility in Germany receives wash water streams from two waste
incineration plants (from the first off-gas washing step where only the highly concentrated
waste water streams are pretreated; the less concentrated washing streams discharge to the
central WWTP without any pretreatment) and a minor contribution of one point source from
speciality inorganic production for the removal of heavy metals before discharging into a central
WWTP. Pretreatment is only effective for highly concentrated waste water streams. The central
WWTP located on the chemical site treats waste water streams originating from more than 250
production plants. As a result of chemical precipitation, 95 tonnes of sludge are produced per
month, which is about 700 kg dry sludge per kg heavy metal removed (3 500 kg wet sludge per
kg heavy metal removed). The sludge generated needs to be disposed of safely and this also
requires the consumption of chemicals and energy. Sludge generation is an important cross-
media effect and chemical precipitation is only effective for the treatment of highly
concentrated waste water streams.

The operational data of another plant are given in Table 3.36 (raw data have been provided
based on monthly loads from the year 2009, the average monthly waste water flow is reported to
be 9418.5 m’).
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Table 3.36: Operational data from a pretreatment facility for WWTP #06

Concentration Concentration Abatement
after L.
Parameter before treatment efficiency
(g treatment (%)
(na/l)
Mercury 680 <5 99
Cadmium 36 <15 58
Copper 6 160 <50 99
Nickel 1070 <50 95
Lead 710 <25 97
Chromium total 390 <50 87
Zinc 5600 <50 99
Source: [ 227, CWW TWG 2009 ].

Applicability

Precipitation can be applied at different stages of the waste water stream, for example:

o directly at the source to remove heavy metals most effectively to avoid dilution by
unloaded streams;

o as the central treatment technique for the removal of phosphates, sulphate and fluoride,
provided inadequate dilution is not expected,

o to remove phosphates after the biological stage in a central WWTP, where the sludge is

collected in the final clarifier.
The performance of further liquid/solid separation normally depends on factors such as pH,
mixing quality, temperature or residence time at the precipitation step. The optimum conditions

are usually determined on a case by case basis.

Application limits and restrictions are given in Table 3.37.

Table 3.37: Application limits and restrictions associated with chemical precipitation

Issue Limits/restrictions

Optimum pH range for heavy metals, phosphate, fluoride (generally pH 9—12)
with lime. A broader pH range is available with sodium sulphide.

When sulphides are used, hydrogen sulphide is generated under acidic
conditions

pH adjustment

Complex-forming

substances Can prevent precipitation of heavy metals, such as copper, nickel

Advantages and disadvantages are given in Table 3.38.
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Table 3.38: Advantages and disadvantages associated with chemical precipitation

Advantages

Disadvantages

General

Chemical precipitation is a well-established
technique with ready availability of equipment
and many chemicals

Some treatment chemicals, especially lime,
are very inexpensive

Completely enclosed systems are often
conveniently self-operating and low-
maintenance, requiring only replenishment of
the chemicals used

General

Competing reactions, varying levels of
alkalinity and other factors typically make
calculation of proper chemical dosages
impossible. Therefore, frequent jar tests are
necessary for confirmation of optimal
treatment conditions. Overdosing can diminish
the effectiveness of the treatment

Chemical precipitation may require working
with corrosive chemicals, increasing operator
safety concerns

The addition of treatment chemicals,
especially lime, may increase the volume of
waste sludge by up to 50 %

Large amounts of chemicals may need to be
transported to the treatment location
Polymers can be expensive

With lime as an agent

Prevention of increased salt content in the
waste water

Increase of the buffering capacity of the
central biological WWTP

Improvement in sludge sedimentation

Sludge thickening

Improvement of mechanical dewaterability of
sludge

Reduction of dewatering cycle time

Low cost

With lime as an agent

Operating problems associated with the
handling, storage and feeding of lime [ 1,
Metcalf and Eddy 1991 ]

Increase of sludge amount due to an excess of
calcium hydroxide

Maintenance problems [ 1, Metcalf and Eddy

1991

For sodium sulphide

Precipitation occurs over a broad pH range
Decrease in amount of sludge (about 30 % in
volume, compared to lime treatment)
Decrease in amount of chemicals used (about
40 %, compared to lime treatment)

Produces lower metal levels in treated effluent
No pretreatment or post-treatment needed
Highly efficient at removing suspended and
dissolved metals from a waste water stream

For sodium sulphide

Generation of hydrogen sulphide when the
batch becomes acidic by failure

Odour problems associated with sodium
sulphide

Source: [ 1, Metcalf and Eddy 1991 ][ 234, US EPA 2000 ].

Economics
The costs are expected to be similar to those presented for the sedimentation process associated
with flocculation (see Section 3.3.2.3.3.4) and are given in Table 3.39. The operating and
maintenance costs will depend on the agents used in the precipitation process and on the
required quantity with regard to the matrix composition.

Table 3.39: Economics associated with chemical precipitation

Type of costs

Costs

Investment costs

EUR < 0.03 per m’ (")

Operating costs

NI

(") See Table 3.13.

NB: NI = no information provided.
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Driving force for implementation
Driving forces for implementation include material recovery as well as reduction of pollutants
discharged to the receiving water.

Example plants
Chemical precipitation is a technique used in many industrial installations for treating waste
waters.

Reference literature
[ 1, Metcalf and Eddy 1991 ] [ 63, VITO 20107 [ 83, TI 20071 [ 105, COM 200617 [ 216,
Viavattene et al. 20101 [ 222, CWW TWG 2013 1 [227. CWW TWG 2009 ] [ 234, US EPA

2000 ]

3.3.2.3.4.3 Crystallisation

Description

Crystallisation is closely related to precipitation. In contrast to precipitation, the precipitate is
not formed by a chemical reaction in the waste water, but is produced on seed material such as
sand or minerals, working in a fluidised-bed process — a pellet reactor system. The pellets grow
and move towards the reactor bottom. The driving force of the process is the reagent dosage and
pH adjustment. No waste sludge arises. The principle of a crystallisation device is illustrated in
Figure 3.26.
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Source: [ 37, Giesen and van der Molen 1996 ]

Figure 3.26: Principle of crystallisation process
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The crystallisation device consists mainly of:

. the cylindrical reactor with bottom influent and top effluent;
° seed material, i.e. pellets of filter sand or minerals, kept in a fluidised-bed condition;
. the circulation system with a recirculation pump.

The velocity of the influent waste water (40—120 m/h) keeps the pellets in a fluidised state [ 37,
Giesen and van der Molen 1996 ]. The process conditions at the bottom of the reactor are
chosen in such a way that a relatively high supersaturation of the desired salts occurs. The
fluidised bed provides a very large crystallisation surface (5 000—10 000 m*/m’) so that, in a fast
and controlled reaction, almost all the anion or metal content crystallises on the pellets.
Periodically, some of the pellets are discharged and replaced by new seed material. Typically
this takes place once a day.

The principle of the circulation system is to mix the influent waste water with the circulation
stream of lower anion or metal concentration. Because of the circulation system, the reactor can
work more flexibly, because:

. fluctuations in the influent flow and composition are easily eliminated;

. all kinds of waste water with concentrations in the range of 10-100000 ppm can be
treated by simply adapting the circulation ratio (more highly concentrated waste water
requires a larger circulation ratio);

. fluidisation of pellets is also maintained if no waste water is fed.

If very strict demands have to be met, the effluent can be polished by conventional or
continuous sand filtration or membrane filtration. This filtration stage can be situated either
inside the circulation loop or at the effluent flow. The effluent is used for backwashing of
conventional sand filters. The carry-over removed by the filter is redissolved by mixing with the
acid feed or acidified and returned to the reactor. An example of a crystallisation process in a
chemical production is given in Figure 3.27.
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Figure 3.27: Multi-purpose application of crystallisation in a chemical production

Achieved environmental benefits

The main purpose of crystallisation is the abatement or recovery of heavy metals. Emission

levels associated with crystallisation are given in Table 3.40.
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Table 3.40: Emission levels associated with crystallisation

Parameter Emission level Agent Comments
(mg/l)
Zinc 1 Soda, caustic soda Feed 50-250 mg/l, pH 10
. . Feed 50-250 mg/l or
Nickel 1 Soda, caustic soda 1000 me/l, pH 10
Tellurium 1 Manganese sulphate, pH 9, after filtration
caustic soda
Aluminium 20 Sulphate, caustic soda | Feed 50—400 mg/1
Source: [ 37, Giesen and van der Molen 1996 ].

Cross-media effects

To achieve good removal results, the reagents necessary to form the precipitates are normally
added in an overdosage. This means that the removal of one substance has, as a consequence,

the addition of another compound not present in the original waste water stream.

Normally no waste or sludge arises, since the precipitated salts are attached to the pellets. They
are almost free of impurities and their moisture content is only up to 5-10 % after atmospheric
drying [ 37, Giesen and van der Molen 1996 ]. Thus the pellets can be used to recover the

abated pollutant substances.

Sources of noise are the pumps, which may need to be housed for noise abatement.

Consumables are given in Table 3.41.

Table 3.41: Consumables associated with crystallisation
Consumable Amount

Crystglhsatlon NI

chemicals
220 kWh (case study for the
implementation of a grain reactor for

Energy (kWh/m”®) fluoride removal from a flow with a
volume of approximately 10 m’/h) [ 63,
VITO 2010 ]

NB: NI = no information provided.

Operational data

Monitoring
Important parameters to control are:

pH, for the same reason;

water flow, to keep the fluidised bed working;
the concentration/load of the metal or anion in question in the influent;
the reagent dosage, to maintain the optimum conditions for crystallisation;

the concentration of the metal or anion in the effluent.
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Applicability

In most cases, crystallisation is applied to remove heavy metals from waste water streams and to
recover them subsequently for further usage, but fluoride, phosphate and sulphate can also be
treated. Examples of usage in the chemical industry are [ 37, Giesen and van der Molen 1996 ]:

° recovery of zinc, nickel and/or tellurium in the production of rubber additives, with feed
concentrations between 50 ppm and 250 ppm;
o recovery of nickel and aluminium in the production of elastomers, the crystallisation

device working prior to a central biological WWTP, with feed concentrations between
50 ppm and 400 ppm for nickel and aluminium respectively.

In principle, almost all heavy metals, metalloids and anions can be removed from all kinds of
waste water by crystallisation. The formation of salt pellets is feasible when the solubility of the
generated salt is low and the metal or anion crystallises quickly into a stable crystal lattice.
Meanwhile, metals normally abstracted as carbonates, hydroxy carbonates, hydroxides,
sulphides, phosphates, sulphates, fluorides, etc. are generally removed as calcium salts [ 37,
Giesen and van der Molen 1996 ].

Application limits and restrictions are given in Table 3.42.

Table 3.42: Application limits and restrictions associated with crystallisation

Issue Limits/restrictions
Flow rate 0.1-10 000 m*/h
Pollutant content 10 mg/1-100 g/l

Up to 100 kg metal/anion

Removal capacity per hour per unit

Advantages and disadvantages are given in Table 3.43.

Table 3.43: Advantages and disadvantages associated with crystallisation

Advantages Disadvantages
e Compact and flexible units, thus enabling e  Only applicable to ionic constituents forming
modular set-up and tailor-made material insoluble or almost insoluble salts
selection e Reagents restricted to non-hazardous
e  No sludge production substances
e  Water-free pellets with high purity which e  Total salt content of waste water is not
enables recycling or further usage of the metal decreased
content in other sectors
e Raw material recovery/recycling
e Nearly waste-free process

Economics
The economic situation is presented in Table 3.44.
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Table 3.44: Economics associated with crystallisation

Type of costs Costs/kg (%) Comments
Costs:
Investment costs NI —
Operating costs NI —

Depreciation USD 3-25 (EUR 2.4-20) Depending on capacity
Chemicals USD 0.5-2.5 (EUR 0.4-2.0) Depending on concentration
Energy USD 0.25 (EUR 0.20) —

Staff NI 1 hour per day

Maintenance NI 3-5 % of investment
Benefits:

Reuse USD 0-14.5 (EUR 0-11.4) Depending on anion or metal

Reduction of chemical waste

USD 2-8 (EUR 1.6-6.3)

Depending on concentration in
sludge

Reduction of operating costs for

USD 0.5-3 (EUR 0.4-2.4)

In the case of pretreatment

precipitation

Sa“?g. on investment for USD 3-12 (EUR 2.4-9.4)
precipitation plant

Reduction of discharge fee USD 30-40 (EUR 24-31) In the case of final treatment

(") Costs per kg recovered anion or metal. Average currency conversion rate for 1996: EUR/USD = 1.275.
NB: NI = no information provided.

Source: [ 37, Giesen and van der Molen 1996 ].

In the case of final treatment

A case study for the implementation of a grain reactor for fluoride removal from a flow with a
volume of approximately 10 m’/h indicates investment costs of EUR 500 000 [ 63, VITO
2010 )).

Driving force for implementation
The driving force for implementation is the recovery and/or reduction of heavy metals from
waste water streams.

Example plants

Sectors where crystallisation is used include the chemical industry, the ore processing industry
(metals), and the food industry (phosphate from potato processing) [ 63, VITO 2010 ].
Examples in the chemical industry include:

erecovery of zinc, nickel and/or tellurium in the production of rubber additives [ 37, Giesen and
van der Molen 1996 ];
erecovery of nickel and aluminium in the production of elastomers [ 37, Giesen and van der

Molen 1996 ];
erecovery of sodium sulphate in the production of chlor-alkali [ 110, COM 2014 ];

erecovery of sodium nitrate in the production of metal catalysts (WWTP #05) [ 137, LAWA
2008 ].

Reference literature
[ 37, Giesen and van der Molen 1996 ] [ 63, VITO 20107 [ 110, COM 20141 [ 137, LAWA
2008
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3.3.2.3.4.4 Chemical oxidation

3.3.2.3.44.1 General

Description

Chemical oxidation is the conversion of pollutants by chemical-oxidising agents other than
oxygen/air or bacteria into similar but less harmful or hazardous compounds and/or to short-
chained and more easily degradable or biodegradable organic compounds. Chemical oxidation
is also used to degrade organic compounds causing odour, taste, colour [ 159, Baig 2006 | and
for disinfection purposes [ 227, CWW TWG 2009 ]. A side effect of some chemical oxidation
processes is to precipitate reduced compounds (e.g. iron, manganese, sulphides).

Chemical-oxidising agents include:

chlorine;

sodium or calcium hypochlorite;

chlorine dioxide;

permanganate [ 159, Baig 2006 |;

ozone (with or without UV light);

hydrogen peroxide;

hydroxyl radicals generated by hydrogen peroxide (known as Advanced Oxidation

Process) in combination with:

° ferrous salts (Fenton's agent [119, Pignatello et al. 2006]), see
Section 3.3.2.3.4.4.2 for a detailed description of an oxidation technique involving
hydrogen peroxide and a ferrous ion catalyst,

° ozone,
° UV light,
° Pressure,
° temperature.

The design of an oxidation reactor depends on its special purpose.

. Oxidation processes are normally operated at pressures of up to 0.5MPa [22,
BMU/LAWA 2000 ]. Depending on whether UV irradiation is acting as an accelerator,
the equipment of the reactor has to provide for the radiation source, e.g. a low-pressure
mercury lamp. In such a case, the reactor usually consists of quartz tubes, transparent to
UV rays, confining the waste water, and the UV lamps outside, or the UV lamps inside
the quartz tubes that are enclosed by the waste water.

o If ozone is involved in the process, an ozone generator is part of the equipment, because
ozone as an unstable compound cannot be stored or transported and has to be generated
on site. After treatment, surplus ozone has to be eliminated, e.g. using a catalyst system
based on manganese oxide. Safety requirements to handle ozone are strict.

. With hydrogen peroxide as an oxidising agent, a GAC adsorber (see Section 3.3.2.3.4.10)
may be necessary to eliminate surplus agent.

o Application of chlorine entails special equipment, such as titanium manufactured vessels.
Additional installations should be provided that can eliminate surplus chlorine or
hypochlorite, e.g. by sulphite.

Storage facilities have to be provided for the oxidising agents, bearing in mind the hazardous
potential of these substances.

Achieved environmental benefits
For hydrogen peroxide as an oxidising agent, the COD elimination of various organic
substances as a function of hydrogen peroxide utilisation is illustrated in Table 3.45.
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Table 3.45: COD elimination of various substances as a function of H,O, utilisation

Dosage COD H,0,
Substance H,0,/COD elimination utilisation

(%) () (%) () (%)
Morpholine 100 20 20
2-Aminoethanol 100 37 37
Diethylene glycol 100 45 45
Polyethylene glycol 100 35 35
Hexamethylenetetramine 100 32 32
2,4-Difluoro-5-chloro-6-methylpyrimidine 100 30 30
Phenyltrifluoroethylcarbamide 80 75 94
Ammonium trifluorothyldithiocarbamate 80 79 99
@) Percentage of stoichiometric amount.
(%) Percentage of initial value.
Source: [ 251, Ullmann's 2000 ].

Abatement efficiencies for chlorine/hypochlorite-based techniques are given in Table 3.46.

Table 3.46: Abatement efficiencies of chemical oxidation using chlorine/hypochlorite-based

techniques
Abatement
Pollutant efficiency Oxidising agent Comments
(%)
TOC >90 () Chlorine/hypochlorite Feed about 1 g/l TOC
AOX 80 (1) Chlorine/hypochlorite iece):()l(about 40 mg/l
0il 75-90 (%) Hypochlorite Feed 10-20 mg/1 oil
) . Feed 150200 mg/1
Phenols 45-70 () Hypochlorite phenols
PAHs 30-55 () Hypochlorite Feed 1-2 mg/l PAHs
Cyanide NI NI —
Sulphide NI NI —
Sulphite NI NI —
(") [22. BMU/LAWA 2000 ].
(®) Risk of chlorinated side product formation [ 227, CWW TWG 2009 ].
NB: NI = no information provided.

When waste water with refractory organic compounds is treated, the main task is to break these
compounds into more easily biodegradable/less harmful compounds (i.e. predigestion). Bearing
that in mind, the most practical source of performance feedback might not be just the removal
efficiency of the oxidation process itself, but rather the overall reduction of these contaminants,
achieved in co-operation with preceding and subsequent treatment processes (e.g. biological
treatment).

Cross-media effects

While oxidation with ozone and/or hydrogen peroxide does not normally create a transfer
problem from the water to the air and/or the disposal section, the use of chlorine or hypochlorite
has to be validated critically for each application. As already mentioned, chlorine and
hypochlorite might generate chlorinated organic compounds that are poorly degradable and/or
toxic. This can also be detected when waste water loaded with organic compounds is mixed
with other streams that contain surplus hypochlorite from preceding oxidation steps. Waste
water treated by chlorine oxidation has to be relieved of surplus chlorine or hypochlorite before
it is discharged into the general sewer system.

Consumables are given in Table 3.47.
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Table 3.47: Consumables associated with chemical oxidation

Consumable Amount

2.8 mg Os/g of cyanide

40-400 mg O;/1 to remove phenols

500 mg — some g per litre of waste water treated to
remove odour, colour, and COD in chemical effluents

Agent to destroy surplus oxidant Manganese oxide (MnO,)

Oxidising agent

Energy (kWh/m?®) NI
Energy for ozone production 7-13 from oxygen [ 159, Baig 2006 ]
(kWh/kg O;) 13-20 from dry air [ 159, Baig 2006 ]

NB: NI = no information provided.

An example of consumables can be found in the OFC BREF [ 105, COM 2006 ].

Operational data

Monitoring
During the oxidation process, a thorough monitoring of operation parameters is crucial, for

example:

° pH;

o reduction potential;

o ozone concentration (ozone concentrations of 15-20 % in the air are very unstable and
tend to decompose [ 3, Environment Agency (England and Wales) 1997 ]);

o oxygen content in the gas phase (for safety reasons);

o content of surplus oxidant in the effluent;

o AOX content in the effluent, if chlorine-based agents are used.

Applicability

Chemical oxidation is normally applied when the waste water contains contaminants that are not
readily biodegradable, or not biodegradable at all (e.g. inorganic compounds), might disturb or
overload the biological or physico-chemical process in a downstream WWTP or have properties
too harmful to allow them to be released into a common sewer system. Examples of such
contaminants are:

oil and grease (e.g. ethyl tert-butyl ether, methyl tert-butyl ether);
phenols, chlorophenols;

monocyclic aromatic hydrocarbons (BTEX);

polycyclic aromatic hydrocarbons (PAHs);

halogenated organic compounds (e.g. chlorinated solvents);
dyes (with Fenton's agent);

pesticides;

cyanides;

sulphides;

sulphites;

heavy metal complexes.

Some of these contaminants are biodegradable to a greater or lesser extent depending upon the
optimisation of the biological process in a downstream WWTP and can alternatively be treated
with specially adapted microorganisms. In these cases, whether chemical oxidation is preferred
to biological oxidation depends on the local situation. When small quantities of waste water are
involved or when there is no biotreatment available at, or close to, a site, chemical oxidation
might be a recommendable treatment option instead of installing a central biological WWTP.
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Oxidation reactions with active oxygen (ozone, hydrogen peroxide), often accompanied by UV
irradiation, are used, e.g. to treat leachates from landfills or to remove refractory COD, odorous
compounds or colour pigments, or for disinfection purposes.

Oxidation with chlorine or sodium chlorite can be used under special conditions to remove
organic contaminants, even halogenated organic compounds. But the use of chlorine,
hypochlorite and chlorite (or the respective halogen compounds) has to be carefully examined in
each case, because of the risk of generating halogenated organic compounds from the organic
content in the waste water stream.

Application limits and restrictions are given in Table 3.48.

Table 3.48: Application limits and restrictions associated with chemical oxidation

Issue Limits/restrictions

e High turbidity results in poor transmission of UV

e Ammonia content needs to be low, competes with the organics-consuming
radicals [ 3, Environment Agency (England and Wales) 1997

e Substances that tend to foul will decrease the efficiency

e Incomplete oxidation or formation of intermediate contaminants can hamper
the effectiveness of the process

UV irradiation

Advantages and disadvantages are given in Table 3.49.

Table 3.49: Advantages and disadvantages associated with chemical oxidation

Advantages

Disadvantages

Inorganic substances can be treated

Waste  water with refractory COD
concentrations over a range of some g/l down
to less than 1 pg/l can be treated [ 17, US
Navy 1998 ]

Large fluctuations can be managed

Small residence time and thus small tank
volume required (H,O, oxidation proceeds at
atmospheric pressure and room temperature
within 60-90 minutes [251, Ullmann's
20007)

Process can be combined with any other to

High energy consumption: ozone generation,
UV generation, pressure and heating for
chlorine oxidation

High feed quality demands

Generation  of  halogenated  organic
compounds  possible, when  halogen
compounds are used as an oxidising agent
High cost per unit removal [227, CWW
TWG 2009

Formation of chloramines when hypochlorite
is reacted with waste streams containing NH;
[227, CWW TWG 2009 ]

achieve optimum results (GAC adsorption,
stripping, activated sludge biology)

Economics

The different chemical oxidation processes can be cost-effective in a given operating range
(flow, initial contaminant concentration). For example, a chemical oxidation based on UV light
does not operate cost-effectively when high contaminant concentrations are expected, because
large amounts of agent are then required. Advanced oxidation processes, such as UV/hydrogen
peroxide, UV/ozone, and UV/hydrogen peroxide/ozone, entail relatively high investment and
operating costs and require more extensive waste water pretreatment than irradiation-free
processes.

The overall costs for chemical oxidation are expected to be high. Operating costs are highly
variable because of the chemicals required and these costs are the preponderant costs for the
chemical oxidation treatment, which makes it difficult to predict the cost implication of this
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treatment. Investment costs are also very variable depending on the technique used. This will
also affect the type of chemical used and the final operating costs [ 216, Viavattene et al. 2010 ].

Driving force for implementation
Driving forces for implementation include relieving the subsequent biological treatment of
COD/AOX loads that could have a disturbing, inhibiting or toxic effect.

Example plants
Chemical oxidation is used at various OFC plants [ 105, COM 2006 ].

Reference literature

[ 3, Environment Agency (England and Wales) 1997 1 [ 17, US Navy 1998 ] [ 22, BMU/LAWA
2000 ][ 105, COM 2006 ] [ 119, Pignatello et al. 2006 ] [ 159, Baig 2006 ] [ 216, Viavattene et
al. 2010 ][ 227, CWW TWG 2009 ][ 251, Ullmann's 2000 ]

3.3.2.3.4.4.2  Wet oxidation with hydrogen peroxide

Description

Wet oxidation with hydrogen peroxide is a technique used to treat waste waters contaminated
with organic compounds in order to achieve COD (TOC) reduction, or to increase the
biodegradability of the contaminants contained in the waste waters.

The technique is based on the Fenton reaction. It consists of the oxidation of the organic matter
contained in the waste waters by hydroxyl radicals. These radicals are formed from the reaction
of hydrogen peroxide with a ferrous ion (i.e. Fe’") catalyst. The reaction is carried out in the
acidic medium and with mild conditions of temperature (100—150 °C) and pressure (2—4 bar)
using catalyst and hydrogen peroxide formulations as an oxidant.

The use of a strong oxidant (radical) at higher temperatures and pressures than in the
conventional Fenton reaction significantly improves the grade of mineralisation of most organic
compounds with short residence times and more efficient usage of hydrogen peroxide.

The future of the technique though is to be based on its use as a pretreatment followed by a
biological treatment.

The reaction products depend on the waste water content and include:

carbon dioxide from organic content;

water from organic content;

nitrate from nitrite and organics which contain nitrogen;
ammonium form amino-compounds;

chloride from chlorinated organic compounds;

sulphate from sulphides, sulphites and sulphonates;
phosphate from compounds which contain phosphorus.

The typical wet oxidation with hydrogen peroxide plant consists of the following subsystems.

o The acidification tank.

o Heat exchangers (in order to optimise the heat of reaction; the fresh effluent is partially
heated by the treated water).

o Continuous stirred tank reactor (or reactors to reach the necessary residence time).

. Post-treatment system. The pH of the treated effluent is adjusted to slightly basic which
allows for catalyst precipitation.

o Decanter, where the flocculation agent is added to achieve the catalyst and solids
separation by flocculation and decantation from the treated water.

o Centrifuge or filter press (where the inert waste sludge is finally dehydrated).
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A schematic of the wet oxidation with hydrogen peroxide technique is shown in Figure 3.28.
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Source: [ 147, FMC 2008

Figure 3.28: The wet oxidation with hydrogen peroxide technique

Wet oxidation with hydrogen peroxide can be used to treat various kinds of organic waste water
(in particular refractory compounds), e.g. halogenated organics, chloramines, AOX, fats and
greases, phenols, monocyclic and polycyclic aromatics, naphthalene, polychlorinated biphenyls,
dyes, pesticides and herbicides.

The wet oxidation with hydrogen peroxide technique is used in fine/speciality and large volume
chemical production plants, petrochemical plants, the production of dyes, plastics and rubbers,
as well as installations generating poorly biodegradable waste waters, like landfill leaching and
waste waters from waste processing plants.

Achieved environmental benefits
Achieved environmental benefits include:

. COD (TOC) reduction;

. increase in the biodegradability of the contaminants contained in the waste waters;
. reduction of the amount of specific compounds in the treated water, e.g.:
° chlorinated aromatics,
° phenol and naphthene derivatives,
° organic N compounds (nitro and amino),
° organic S compounds,
° organic P compounds,
° organic Cl compounds,
° inorganic compounds such as nitrite and sulphite are oxidised to nitrate and
sulphate.

The environmental performance of the technique is not only measured by the TOC, COD or
specific compound reduction, but also taking into account biodegradability improvement for
further biological treatment. Moreover, additional reduction could be achieved at the cost of
excessive consumption. Compromise must be attained in order to optimise costs. An example of
the efficiency of the wet oxidation with the hydrogen peroxide technique achieved at one plant
is given in Table 3.50.
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Table 3.50: Example of the efficiency of the wet oxidation with hydrogen peroxide technique
achieved at one plant

Abatement
Pollutant efficiency Comments
(%)

COD 70-99 —
TOC 70-99 —
Black colour 100 —
Phenol 99.8 Inlet 900 mg/1
Acetone 99.9 Inlet 100 mg/1
Toxicity 99.5 Inlet 1 200 Equitox
Pesticides >99 Inlet 2 400 ppm
Toluene 98.5 Inlet 13 ppm
Aniline 95 Inlet 2 ppm
Benzothiazole >99 Inlet 120-200 ppm
MBT >99 Inlet 12-30 ppm
Ethanol >99 Inlet 1 000 ppm
Source: [ 147, EMC 2008 ].

The removal of specific organic compounds using the wet oxidation with hydrogen peroxide
technique is indicated in Table 3.51.

Table 3.51: Abatement efficiencies associated with wet oxidation with hydrogen peroxide
Major organic Controlled Initial . Aba_ltt_ement
Industry Shecies ollutant concentration efficiency
P P (mg/) (%)
Dictary fibre | LYrazole, pyridine, indole, TOC 7800 98
quenoline, trizone
Anilines, nitrobenzenes,
Polyurethane nitrophenols, phenols TOC 10 000 98
Chemicals Alcohols, organic acids TOC 67 000 99
Polymers Orgar}lc and inorganic Sulphides 9900 100
sulphides
Waste water Phenols, chlorophenols Phenol 15282 100
treatment
Chemicals Alcohols, organic acids TOC 27030 91
Adhesive Toluene TOC 2272 95
Plastics Methyl isobutyl ketone TOC 11 000 99
Chemicals Phenols TOC 40 300 97
Groundwater MTBE MTBE 166 100
Pharmaceutical | HEPES TOC 5530 97
Source: [ 147, FMC 2008 ].

Cross-media effects
The main cross-media effects of the wet oxidation with hydrogen peroxide technique relate to
the need for pH control and to the generation of sludge.

Depending on the intensity of the oxidation treatment, the water effluent may need downstream
treatment (e.g. biological). Depending on the waste water influent, the gaseous effluent may
contain traces of acetic acid and acetone generated by the process, which need to be treated in
downstream waste gas facilities. Inorganic solids formed after the filtration step (approximately
1 kg/m®) is disposed of.

Consumables are given in Table 3.52.
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Table 3.52: Consumables associated with wet oxidation with hydrogen peroxide

Consumable Amount
Hydrogen peroxide 2.2 ppm per ppm of influent COD
Energy (kWh/m") NI
NB: NI = no information provided.

The energy consumption is variable and depends on the amount of TOC to be removed and on
the amount of hydrogen peroxide used. For H,O, addition higher than 2 % or TOC removed
higher than 3 000 mg/1, the process surpasses the autothermal area. Excess heat of the reaction
can be used if recovery heat exchangers are installed.

Operational data
Typical reaction parameters are given in Table 3.53.

Table 3.53: Typical reaction parameters for the wet oxidation with hydrogen peroxide technique

Parameter Range Comments

Temperature range 100-150 °C —

Pressure range 2-5 bar —

pH 1-5 Typically 2—4

Max. 4 % per step in a
0 _0
H,0, (%) 1=3% multi-serial reactor
Residence time (in minutes) 30-60 NI
Fe; other possible catalysts

Catalyst (mg/1) 10-100 are Cu and Mn
Monitoring
During the process, a thorough monitoring of operation parameters is crucial, including:
. influent pH;
. pH in the reactor;
. catalyst feeding;
° influent flow rate;
. reaction temperature and pressure (process and safety reasons);
. COD and peroxide concentration in the influent and in the effluent;
. oxygen content in the gas phase generated (for safety reasons).
Applicability

The wet oxidation with hydrogen peroxide technique is applicable to any chemical plant having
to treat waste waters with organic loads.

The technique can be applied as a stand-alone treatment or combined with a more economical
biological treatment, depending on the oxidant's dose.

Application limits and restrictions are given in Table 3.54.
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Table 3.54: Application limits and restrictions associated with wet oxidation with hydrogen

peroxide

