


NVIRONMENTAL ASPECTS 
OF THE METAL FINISHING INDUSTRY: 

A TECHNICAL GUIDE 

UNITED NATIONS ENVIRONMENT 
PROGRAMME (UNEP) 

INDUSTRY AND ENVIRONMENT 
OFFICE (lEO) 

3943, QUA! ANDRE CITROEN 
75739 PARIS CEDEX 15- FRANCE 
TEL.: 33 (1) 45 78 43 17 
TELEX :204997 F 

- 	 . 

' 

k. 

F 



This is the first issue in a new Technical Report Series that regroups the Guidelines, Overviews, Technical Reviews 
and Workshop Proceedings previously published by UNEP/IEO. The regrouping into a single series will ensure a 
greater cohesion among future publications, and allows a single document to include the various elements of lEO 
work that had earlier been presented separately. 

As before, the Technical Report Series aims to meet the needs of a wide range of government officials, industry man-
agers and environment protection associations, by providing information on the issues and methods of environmen-
tal management relevant to various industrial sectors. 

Copyright© 1989 U N E P 
All rights Reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted in any form or by any means: 
electronic, electrostatic, magnetic tape, mechanical, photocopying, recording or otherwise, without permission in writing from copyright holders. 

First edition 1989 
The designation employed and the presentation of the material in this publication do not imply the expression of any opinion whatsoever on the 
part of the United Nations Environment Programme concerning the legal status of any country, territory, city or area or of its authorities, or 
concerning delimitation of its frontiers or boundaries. Moreover, the views expressed do not necessarily represent the decision or the stated policy 
of the United Nations Environment Programme, nor does citing of trade names or commercial processes constitute endorsement. 

UNITED NATIONS PUBLICATION 

Sales NO E.89.III.D.3 

ISBN 92 807 116o 

02000 P 



-I- 

ACKNOWLEDGMENTS 

This Technical Guide has been developed by the United Nations Environment Programme (UNEP) Industry and 
Environment Office (lEO) with the contribution of a working group including: 

Mr. J.-N. Breuil, Agence de l'Eau Loire-Bretagne, 
(France) 

Mr. F. Morier, Comité Européen du Traitement des 
Surfaces (France) 

Mr. Klaus Muller, G.S.F. (Federal Republic of 
Germany) 

Mr. Michel Rostagnat, Ministère de l'Environnement 
(France) 

Mr. Albert Viau, Syndicat des Applicateurs de Traite-
ment de Surface (France) 

Mrs. J. Aloisi de Larderel, Director UNEP/IEO 

Dr. F. Balkau, Senior Programme Officer UNEP/IEO 

Prof. Dr. F. Schmidt-Bleek, Consultant to UNEP/IEO 
who prepared the first draft 

UNEP/IEO would like to further acknowledge the valuable comments and suggestions of the following experts and 
organizations: 

Mr. B.A. Calver, Holody Electro-plating, Canada. 

Mr. H. Chiu, Hong Kong Productivity Council. 

Dr. M.A. Connor, Melbourne University, Australia. 

Mr. M. Dejak, Eco-Tec, Canada. 

Mr. E.E. Finnecy, Harwell, U.K. 

Dr. Greiner, Daimler-Benz, Federal Republic of 
Germany. 

Dr.-Ing.H.M. Heiling, Federal Republic of Germany. 

Mr. Ch. Houllier, CITEPA, France. 

Mr. L. Krahl, The Conservation Foundation, USA. 
Mr. A.G. Marcil, World Environment Center, USA. 

Mr. C.D. Oommachen, Maharashtra Pollution Control 
Board, India. 

Dr. W. Otoomprurkporn, Faculty of Science, Thailand. 

Mr. R.G. Paxton, U.K. 

Ms. J. Portugais, Environment Canada. 

Mr. W. Regan and Mr. D. Bloor, Environment Protec-
tion Authority, Victoria, Australia. 

Dr. J.P.M. Ros, National Institute of Public Health and 
Environmental Protection, The Netherlands. 

Mr. E. Tourneux, Ingénieur Conseil, France. 

Confederation of British Industry, U.K. 	 International Labour Office, Division of Environment, 
Water Directorate, Department of Environment, U.K. 	Energy and Human Settlements, Switzerland. 

Figures i to 17, have been reproduced by courtesy of Ministére de l'Environnement, Agence Financière de Bassin 
Loire-Bretagne,. France. 

Sources of other Figures and Tables are indicated in the text. 



-III- 

TABLE OF CONTENTS 

Page 
OVERVIEW AND SUMMARY 

i INTRODUCTION 	 4 

2 ENVIRONMENTAL IMPACT OF THE METAL FINISHING INDUSTRY 	 5 
2.1 Sources of Pollutants 	 5 
2.2 Environmental Effects 	 5 
2.3 Assessment of Potential Impacts 	 7 
2.4 Management to Reduce Environmental Impact 	 9 

3 IMPROVING METAL FINISHING TECHNIQUES IN REGARD TO 
ENVIRONMENT PROTECTION 'I 

3.1 	Minimizing Effluents  
3.1.1 Drainage and Dragout  
3.1.2 Reduction of Rinsewater Consumption 12 
3.1.3 Regeneration of Baths 19 

3.1.4 Recovery from Dilute Solutions 23 
3.1.5 Combinations of Different Technologies 26 

3.2 	Wastewater Treatment 27 
3.2.1 Detoxification of Hexavalent Chromium 30 
3.2.2 Detoxification of Cyanides 31 
3.2.3 Neutralization and Precipitation 33 
3.2.4 Sedimentation and Clarification 35 
3.2.5 Sludge Dewatering 37 
3.2.6 Treating Oily Waters 38 

3.3 	Control of Air Emissions 39 

4 RESIDUE DISPOSAL 41 

5 PREVENTIVE MEASURES FOR POLLUTION AVOIDANCE 45 
5. i 	Replacement of Hazardous Chemicals by Less Toxic Substances 45 
5.2 	Recovery of Chemicals 46 
5.3 	Good Housekeeping and Workplace Safety 47 
5.4 	Buildings and Equipment 48 
5.5 	Management of Spills and Leaks 50 



6 EXAMPLES OF LEGAL PROVISIONS AND ADMINISTRATIVE ARRANGEMENTS 53 
6.1 	Water Quality Control 53 
6.2 	Sewer Discharge Limits 55 
6.3 	Waste Disposal 56 
6.4 	Air Emission Control 57 

ANNEXES 	 59 
Recommendations for Further Reading 	 61 
Cascade Rinsing Tables 	 67 
Table of Common Processes and Chemicals Used 	 71 
International Organizations able to Advise on Hazardous Chemicals 	 81 
Chemical Safety Data 	 85 



OVERVIEW AND SUMMARY 

Surface treatment of metals is an operatioff 
that is an important source of pollution when 
compared with some other manufacturing 
operations. The toxic nature of many of the 
chemicals involved in such treatment, and 
perhaps even the toxic nature of the metals 
being coated themselves, means that any rel-
ease of materials has potentially serious effects 
on the environment. 

Metal finishing may cover a potentially vast 
number of operations in which metals are 
cleaned, prepared, treated and coated. Inter-
mediate operations may be carried out to 
make the surface receptive to the final coat-
ing. The coatings themselves can have a va-
riety of compositions and consistencies. This 
Guide focusses principally on the traditional 
metal plating operations which have a long 
history of use, and are in widespread use 
around the world. They are significant in 
terms of environmental impact on account of 
the metals, chemicals and processes they 
involve. Nevertheless, the principles elabo-
rated in this Guide will also be applicable to 
many other processes, and the Guide should 
be of value to a wide audience in government 
and industry. 

Environment 

Environmental issues relevant to the industry 
now go considerably beyond the traditional 
one of water pollution from untreated waste-
waters. Workplace safety, outside air emis-
sions, soil and groundwater pollution, and 
excessive noise have all assumed greater 
importance in the minds of regulators in 
recent years. Solid waste disposal, disposal of 
treatment sludges, and prevention of indus-
trial accidents have become high priorities 
within our crowded communities. The cost to 
clean-up historic dumpsites and present-day 

spills involving persistent chemicals has 
become an unacceptable burden on the public 
purse. 

These issues have all found their way into 
regulatory programmes in industrialized 
countries. The control programmes are often 
a high priority in the minds of politicians. 
With such rapid evolution it is important that 
industry remains in touch with contemporary 
environmental affairs so as to be able to moni-
tor trends, and thereby anticipate the impact 
of new regulations that have been framed to 
address these issues. 

Pollution Control Strategies in 
the Metal Finishing Industry 

As environmental issues have become more 
complex, so the resulting strategies for pollu-
tion control have had to become more syste-
matic, and more integrated. The value of pre-
ventive rather than curative approaches has 
become more widely appreciated. Responsi-
bility for environmental control tends now to 
be taken at higher levels within a company, 
and practical contributions are expected of all 
operational and managerial personnel. 

The most useful approach to environmental 
control for metal finishing enterprises follows 
that which has been adopted for industry in 
general. Avoidance of waste generation and 
reduction wherever possible of pollution loads 
is the first priority. Recovery and recycling of 
waste streams is the next consideration. Only 
then should treatment be considered. (There 
is unfortunately still a common mentality that 
assumes treatment is the only option). In fol-
lowing the above scheme it is important to 
remember that all environmental impacts 
listed above are taken into account. An 
attempt to reduce a particular waste stream 
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should not result in merely shifting the hazar-
dous residues to another environmental 
medium, or another location. 

The final consideration for an enterprise is dis-
posal: disposal of treated effluents, of surplus 
stock, of treatment residues, of contaminated 
objects and soil. If avoidance, recycling and 
treatment have been effective there should be 
relatively little material requiring disposal. 
Nevertheless this must still be carried out 
without undue impact on the environment, 
and without risk to workers or the com-
munity. 

For a metal finishing enterprise four broad 
considerations will be particularly important 
in contributing to a pollution control strategy: 

use of low and non-waste production 
technology; 

installation of properly designed treat-
ment plants; 

competent operation and maintenance 
of(i) and (ii); 

adequate information and training of 
shop floor personnel to avoid mis-
handling and accidents. 

The relative emphasis on these four areas will 
vary from one enterprise to another. Older 
established plants for example will need to 
rely more heavily on end-of-pipe treatment 
than newer plants where cleaner technologies 
can be more easily built in. It is clear that if 
less emphasis is given to one of the above 
areas, then the others need to make a pro-
portionately greater contribution in order to 
achieve the same goals. 

About this Guide 

The present Guide deals in some detail with 
the technical options indicated above - low 

and non-waste production processes, and 
treatment technologies. There are many 
options available for reducing harmful 
effluents. They may involve reducing effluent 
volume, or its strength, or both. 

Reducing rinsewater consumption, recycling 
rinsewaters within the plant, extending the 
working life of active solutions and baths, and 
avoiding spills and overflows should all be 
important management objectives. These ini-
tiatives generally achieve economic gains 
alongside environmental ones. A lower 
volume of effluent can be dealt with by a 
smaller, cheaper treatment plant using fewer 
chemicals. 

Lowering the concentration of pollutants in 
the effluent relies on many of the same con-
cepts, ie. reducing loss of chemicals by recy-
cling spent solutions, extending the service life 
of baths by improved maintenance, adopting 
processes that use lower active concentrations, 
avoiding the use of some toxic chemicals alto-
gether, preventing spills, and preventing acci-
dental contamination of baths that would 
then need to be discarded. Such actions again, 
often give an economic return through lower 
chemical consumption, and lower incurred 
treatment costs. 

Having arranged the production process so as 
to generate the smallest possible amount of 
waste it then becomes necessary to optimize 
the treatment stage. Segregation and separate 
pretreatment of certain effluents is more effi-
cient than trying to treat a complex mixed 
wastewater stream. Various options exist for 
treatment, and should be carefully assessed for 
each enterprise. In choosing among the 
options, considerations of subsequent effluent 
and sludge disposal should be taken into 
account. Ease of operation and maintenance, 
and cost of treatment chemicals are also 
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important. In all cases, it is beneficial to have 
a suitably equipped laboratory, and trained 
technical staff so as to monitor the perform-
ance of the treatment plants (and of the sur-
face treatment process itself). 

The problem of residue disposal is becoming 
more acute in many countries. Special proce-
dures and special facilities are often required 
to deal with toxic sludges. Accordingly, fur-
ther dewatenng, drying and perhaps even 
chemical stabilization is becoming more com-
mon as a follow-up to wastewater treatment. 

The level of treatment itself will be determin-
ed by the prevailing discharge standards in 
the country concerned. Both discharge to sew-
ers and to natural waterways are becoming 
subject to increasingly stringent standards. 
Workplace air concentrations are also limited 
by regulation in many countries. 

Chapter 5 recapitulates some of the broad 
considerations that are necessary to achieve 
good environmental performance by the indu-
stry. The replacement of process chemicals by 
less toxic alternatives, and process modifica-
tions so as to consume fewer chemicals is an 
important first step. The recovery of spent or 
discharged materials is a useful adjunct to 
this. The importance of good housekeeping 
and safe working procedures cannot be over-
stated if consistent good environmental results 
are to be achieved. The proper design of fac-
tory layout, and sound construction of equip-
ment is an essential prerequisite to effective 
housekeeping. Careful operation, in accord-
ance with clear instructions from supervisors 
will reduce the incidence of accidents and 

spills, thereby avoiding significantly the need 
to dispose of waste materials. 

There is often a great need to make more 
information available to shop floor personnel. 
This should include information on the sur-
face treatment processes themselves, and the 
options for reducing pollution loads. In par-
ticular, safety information regarding the 
chemical substances used should be more 
widely known by operational personnel and 
by supervisors. Material Safety Data Sheets 
are available for most substances used in the 
industry. They can be obtained from the 
chemical supplier, or from commercial 
publishing houses. Basic information is also 
available in chemical handbooks. Several UN 
agencies operate information services on 
occupational and chemical safety, and on 
environmental questions. 

The present Guide is intended for readers 
with several different responsibilities: 

- for industry, an outline of common pro-
cesses is presented with respect to 
environmental implications. Costs, 
energy consumption, process efficien-
cies, maintenance questions, opera-
tional and process control factors are 
discussed; 

- for regulators, an outline of environ-
mental considerations, infrastructure, 
supervision and control needs is given; 

- for operators, process and maintenance 
details, environmental implications, 
and possible legal requirements are pre-
sented. 

3 



I. INTRODUCTION 

The demand for natural resources and 
environmental amenities in the ASEAN 
region is bound to increase sharply for three 
reasons. First, the population which was 
273 million in 1982 is expected to increase 
to 380 million in the year 2000. Second, the 
expected annual growth rate of economic 
activity is at about 5  percent. This growth 
rate is likely to continue, doubling the 
demand on natural resources, ceteris 
paribus, every 15 years or so. Third, the 
process of production inevitably becomes 
more capital and technology intensive. 
Consequently, pressure on the natural 
resources will continue to increase.>> 

Prof. Dr. Emil Salim, State Minister For 
Population and Environment, Indonesia, 
30th October, 1987 

What Minister Salim stated for the ASEAN 
region is also true for much of the rest of the 
world. One of the goals of the Industry and 
Environment Office of the United Nations 
Environment Programme is to offer practical 
help to those industries which are particularly 
prone to contribute to environmental pollu-
tion, and thus increasingly come under pre-
ssure to change their ways of operation. 

Metal finishing is an activity which is 
introduced early in the process of industrializ-
ation. It contributes significantly toward offer-
ing pleasing and non-corroding objects at 
affordable prices without placing too large 
demands on skilled labour or sophisticated 
equipment. However for many processes the 
consequent consumption of water and chem-
icals can be astoundingly high, and constitu- 

tes, unless reasonably controlled, a major 
threat to health of people and the environ-
ment. 

Metal finishing processes can give rise to sev-
eral environmental problems. The soil around 
the premises may be contaminated through 
spills and careless dumping of residues, thus 
leading to the contamination of ground and 
surface water. Wastes carried in the dischar-
ged wastewater may pollute streams. Hazards 
may arise from the improper storage and 
transportation of residues containing toxic 
chemicals. The unsafe handling of process 
chemicals may cause workplace accidents and 
illness from direct contact and inhalation of 
fumes. 

The chemicals involved in metal finishing pro-
cesses are generally long lived. This means 
that the problems do not disappear with time. 
Homes built on the soil of an abandoned 
metal finishing shop may endanger the health 
of residents long after the industrial operations 
have ceased. Chemicals leaving the premises 
as wastewater or in the form of sludge may 
well affect people or the environment far 
downstream. 

It is important to stress that the factory owner 
has the prime responsibility for avoiding such 
impacts. However improvements as regards 
environmental pollution also require the 
involvement and co-operation of people 
beyond the owner. They require for example 
proper residue transportation and adequate 
waste deposit or treatment facilities. Compe-
tent organizations must become involved in 
providing, supervising, and controlling appro-
priate services and infrastructures. 

4 



I.. 
2. ENVIRONMENTAL IMPACT 

OF THE METAL FINISHING INDUSTRY 

2.1 SOURCES OF POLLUTANTS 

Metals and chemicals are the basis of the 
metal finishing industry. The thoughtless use, 
release or dumping of chemical residues and 
effluents can affect a wide range of environ-
mental species, as well as causing serious 
human health effects. Some effects occur 
immediately, others may take some years to 
manifest themselves. Often pollution and 
health effects are closely linked. 

Common processes, and the chemicals used 
are summarized in Annex C. It is important 
to stress that irrespective of their measured 
levels of toxicity, all chemicals must be treated 
with respect. Most chemicals are toxic if their 
exposure is high enough, and all chemicals 
will cause environmental pollution if released 
in large amounts. Information on chemical 
hazards, on pollution, and on management 
options to avoid these effects is now available 
through handbooks and information net-
works. 

Most processes which involve the use of chem-
icals should be examined for their propensity 
to cause pollution. Loss of chemicals can occur 
from rinsing operations, from spills, or the 
discarding of spent solutions. In a few instan-
ces even the products from the industry may 
be of environmental concern, eg. objects 
plated with cadmium. 

While wastewater treatment will greatly 
reduce the quantities of pollutants reaching 
the environment, it is also now realized that 
such treatment can itself lead to some environ-
mental problems if not carefully done. In 
some cases the sludges resulting from waste 
water treatment are considered ohazardous 
wastes>> by regulatory authorities, due to their 
high metal concentrations. Reduction of such 
secondary sources of pollution can only be 

achieved when a comprehensive approach to 
waste management, preferably based on waste 
avoidance principles, is adopted within a com-
pany. 

A number of ancillary operations may also 
give rise to loss of chemicals to the environ-
ment. These include: 

- storage of chemicals; 

- transfer and handling of chemicals; 

- wastewater treatment and discharge; 

- discharges from process control labora- 
tories; 

- disposal of residues; 

- re-use or disposal of empty chemical 
containers. 

2.2 ENVIRONMENTAL EFFECTS 

Chemical pollutants can cause a wide variety 
of environmental effects. These effects may 
vary from one target species to another, and 
also depend on the particular pathway that a 
chemical takes in the environment. Humans 
are particularly important targets of course, 
but many other parts of the environment are 
also susceptible to the toxic effects of chem-
icals. 

With respect to the workplace it is useful to 
identif' a number of common hazards. Corro-
sive chemicals such as acids and alkalis eat 
away at tissues and materials, eg reaction 
tanks. Strong oxidizing agents may cause 
burns, or cause fires if they come into contact 
with paper, packaging materials, timber, or 
textiles. Large quantities of flammable mat-
erials are a fire hazard and sometimes cause 
explosions. Many solvents are flammable. 

With respect to human health and animal and 
plant life, the following terms are often 

5 
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encountered: toxicity refers to poisoning of liv-
ing things and can be immediate (acute), or 
can manifest itself after long periods of time 
(chronic). Many chemicals such as heavy 
metals tend to gradually accumulate the body 
and may begin to show effects only years after 
exposure has begun. Only rarely can sickness 
then be prevented from proceeding. Cancer 
producing properties of chemicals (carcino-
genicity) and their potential to alter genetic 
codes (mutagenicity) are normally counted 
among the toxic properties. 

With respect to the environment it is useful to 
have an understanding of the following terms: 
pollution refers to damage to the environ-
ment, or upset of ecological systems. The rou-
tes in the environment through which chem-
icals are distributed are called environmental 
pathways. Chemicals can migrate in the 
environment from one v compartmento to the 
next: eg. from soil into water, or from water 
into air. Some materials and chemicals tend to 
degrade rapidly in the environment; others 
are more or less persistent and can, over time, 
migrate to new locations under the influence 
of natural forces. Metals tend to adsorb easily 
on surfaces like soil or sediments and show a 
considerable tendency to geo-accumulate. 
Many metals also have the ability to bio-accu-
mulate in plant or animal tissue. Sometimes 
they can reach such high concentrations there 
that the consumption of the contaminated 
foodstuffi has to be regulated for reasons of 
health. 

The discharge of untreated metal finishing 
wastewaters to natural waterways has contri-
buted to water pollution in many industrial 
regions. As well as damaging natural ecosy-
stems, the water has often become unfit for 
drinking. Fisheries may be directly destroyed, 
or their products rendered unfit for eating. 
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Purification of water to restore its use is gen-
erally expensive. 

To reduce problems of local pollution, many 
authorities provide a public sewerage system 
for wastewaters. However if such wastewaters 
are too concentrated, the discharge into pub-
lic drains and sewers can still cause problems. 
Toxic chemicals can interfere with the purifi-
cation process of treatment systems. Heavy 
metals contained in effluents often accumulate 
in the biological sewage sludge. If used as soil 
conditioners on farms, the contaminated 
sludge can pass the chemicals on to food 
plants or to animal feed. Many public author-
ities now regulate the discharge of effluents 
into the public sewerage system to avoid such 
effects. 

The storage and transportation of heavily 
contaminated sludges or wastewaters may 
also pose some difficulties due to the composi-
tion or consistency of the materials. Hauling 
equipment and transfer operations should 
therefore pay particular attention to these 
needs. 

Although many reagents in metal finishing 
are relatively non-volatile, air pollution pro-
blems may still be important. Substantial 
quantities of acid fumes and mists may be 
released from some operations. Certain haz-
ardous gases may be released from process 
reactions. 

The dumping of treatment sludges and chemi-
cal wastes into poorly located, badly con-
structed or carelessly managed landfill sites 
can lead to groundwater pollution problems. 
Obviously health and safety problems for wor-
kers can also result from such practices. 

Hazards from old waste dumps, abandoned 
storage and plant sites are now well known 
and documented in many parts of the world. 



ENVIRONMENTAL IMPACT OF THE METAL FINISHING INDUSTRY 

The high concentrations of toxic chemicals 
sometimes found there have led to costly 
excavation programmes in order to prevent 
continued damage to health and the environ-
ment. 

Accidents involving chemicals can be a very 
serious matter. Prevention of accidents is far 
more effective and less costly than paying for 
the clean-up and damage after they have 
occurred. Prevention means installing equip-
ment that is not accident prone, ensuring safe 
operating procedures, and having suitable 
emergency response procedures in place. Pro- 

per training of personnel is essential to ensure 
safe operating procedures. Recruitment of 
shop floor personnel should pay due regard to 
their need for safety training. 

Direct exposure of workers to chemical 
reagents and fumes can cause a number of 
long-term illnesses, some of which may be irre-
versible. Severe exposure may cause acute ill-
ness, or even death. Unhygenic conditions at 
work, and eating and smoking in the work-
place greatly contribute to the chance of expo-
sure. 

2.3 ASSESSMENT OF POTENTIAL IMPACTS 

The potential environmental impacts will 
vary from situation to situation, depending on 
the type of industrial process, location, local 
environmental conditions and so on. Profes-
sional judgement of experts experienced in 
both process technology and in environmental 
control should be sought prior to making deci-
sions about the future of a metal finishing 
plant. As an aid in decision making, formal 
Environment Impact Assessment (EIA) pro-
cedures are often recommended. Such proce-
dures are designed to systematically search for 
and identify possible environmental problems 
so that they can be addressed at the outset. 

Some references to the EIA process are 
included in Annex A. The use of checklists or 
interaction matrices is a common feature of 
EIA processes. Both methods can be applied 
in simplified form to medium or small pro-
jects. Table s gives an example of a simple 
checklist which can be used as a basis for 
assessing individual plants. Some of the 

environmental effects that can be expected 
from the chemicals used in, and the wastes 
generated by, metal finishing processes are 
indicated in the text. Annex C lists chemicals 
commonly used for a number of processes. 
Potential effects of chemicals are also found in 
Material Safety Data Sheets, and through the 
information services shown in Annex D. The 
EIA process would use such information, 
together with project-specific information, to 
evaluate the overall impact of a proposed 
development. It can also be carried out for an 
existing facility to guide further investigations. 

For industrial activities that involve signifi-
cant quantities of hazardous materials, a pre-
liminary stage to the EIA is now often a risk 
assessment of the plant. This assessment evalu-
ates plant design and operation, and of course 
safety procedures, so that the likelihood of an 
accident can be established. 

A variety of techniques is available for carry- 
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ing out a risk assessment, but in all cases pro-
fessional judgement plays a large part. For 
small installations professional judgement 
may be all that is possible, as an expensive 
quantitative modelling exercise may not be 
justified. Such assessment should of course be 

carried out by an independent expert, not by 
the proponent of the proposal. The proponent 
may carry out a study for his own use. For 
larger projects formal procedures have been 
developed, and are described in a number of 
manuals and handbooks. 

Environmental considerations to be included 
in a first assessment: 

- occupational exposure of workers to 
process chemicals; 

- occupational exposure of workers to 
waste residues; 

- water pollution from wastewaters, 
washwaters; 

- discharge of chemicals to drains 
streams, or to soil; 

- impact on public sewer systems, leading 
to damage to the sewer itself, to the sew-
age treatment process, and to the 
environment near the sewage outfall; as 
well as presenting danger to sewer 
maintenance personnel; 

- contamination of sewage sludge by per-
sistent, bio-accumulative, and toxic resi-
dues; 

- groundwater contamination through 
seepage; 

- disposal of surplus chemicals and/or 
treatment sludges; 

- soil contamination from spills, at chemi-
cal and waste storage areas; 

- transport accidents involving chemicals 
transported to or from the plant; 

- accidents in the plant involving the re-
lease of chemicals; 

- energy and resource consumption. 

- air emissions of chemicals and subse- 
quent workplace and public exposure; 

- unsafe re-use of chemical containers; 
- accumulation of surplus chemicals with 

subsequent risk of deterioration and 
need for disposal; 

- on-site disposal of wastes; 

- excessive noise and vibration from 
machinery. 

Table i A simple checklist for assessing the potential impact of metal finishing plants. For large plants, or those 
using advanced technologies, additional factors may have to be considered. 

A comprehensive assessment can in general only be performed by someone experienced with the process 
being studied. Special assessment techniques may be required to ensure that common-cause failure modes 
are adequately considered, for example. 
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2.4 MANAGEMENT TO REDUCE ENVIRONMENTAL IMPACTS 

As can be seen from Annex C, a range of 
chemicals and processes contributes to the 
hazards discussed above. Avoiding such risks 
is partly a matter of choosing appropriate 

technology, and partly appropriate manage-
ment. Fig. ishows the principal pathways by 
which chemicals can reach the environment 
as solutions, solids or vapours. 

VAPOUR ENTRAINMENT 
GAS 
SCRUBBING 

-à 
DRIPS COLLECTED Il 

ON FLOORS Ii PROCESS BATH 

)j 

SPENT 	
SLUDGE 

SOLUTIONS 	EFFLUENT 
WASHING OF 
FLOORS AND 
ANCILLIARY 
EQUIPMENT 

PROCESS SOLUTION 
TREATMENT 

(FILTERING. RINSE 
SETT)JG. ETC... ) 

CONTINUOUS • SCRUBBER 
DISCHARGE 	U DISCHARGE 

Figure i : Schematic illustration of losses of chemicals in a generalized plant. 

The following objectives are important in 
ensuring that such losses do not cause undue 
impacts: 

- avoid the generation of effluents, resi- 
dues and wastes wherever possible; 

- avoid accidents, spills, contamination 
and abandoned residues; 

- try to recover, recycle, reclaim and 
exchange wastes as far as is technically 
feasible; 

- ensure adequate treatment of any 
remaining waste; 

- ensure safe disposal of all final residues; 

- prevent runoff of polluted stormwaters. 

I' he proper choice and design of production 
equipment, and of treatment plant, is mdi-
spensible in achieving these objectives. How-
ever it must be stressed that training of operat-
ing personnel, regular maintenance of equip- 
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ment and vigilant supervision are also 	routinely applied in the chemical industry. In 
necessary to allow such equipment to perform 	particular: 
properly. Management's dedication to good 

- sufficient information on each chemical 
housekeeping practices must be maintained  
throughout the life of the plant. 	

must be available; 

Ignorance of the potentially toxic effects of 
process chemicals contributes to their careless 
handling and release. Before purchasing 
chemicals, operators should insist on obtain-
ing from the dealer or distributor the Material 
Safety Data Sheets for each chemical or mix-
ture of chemicals purchased. These Data 
Sheets are provided by the manufacturers in 
many languages and describe in clear and 
concise form the properties of the chemical or 
mixture. They also contain information on 
health and environmental effects, handling, 
use, disposal, and on what to do in cases of 
emergency (see Annex E). 

The safe use of chemicals requires the applica- 
tion of management practices that are now 

- safety and hazard information should 
be close at hand and its location made 
known to all workers; 

- all storage and chemical distribution 
systems (tanks, pipes etc) should be 
labelled and marked; 

- emergency response procedures for acci-
dents and spills should be worked out, 
put into place and be exercised regu-
larly; 

- equipment should be safe or, where 
necessary, fenced off, 

- all workers handling chemicals and 
wastes must be properly trained. 
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3. IMPROVING METAL FINISHING TECHNIQUES 

IN REGARD TO ENVIRONMENTAL PROTECTION 

In view of the many possible sources of pollu-
tants, and their multiple origins, a systematic, 
organized approach to pollution control is 
required in the industry. The selection of pro-
cess technologies that achieve an intrinsically 
low rate of waste generation is a vital part of 
such an approach. Additional treatment tech-
nology to reduce the effect of the remaining 
residues is a subsequent step. Recycling and 
recovery are usually included within these two 
areas of consideration. 

Considerable economic advantages can be 
expected to accompany the environmental 
benefit that flows from such a systematic 
approach to pollution control. The applica-
tion of more advanced levels of technology 
can improve process control so as to achieve: 

- saving in raw materials; 
- decrease in rinsewater consumption; 

- decrease in the consumption of reagents 
for effluent treatment; 

- decrease in the size of effluent treatment 
facilities. 

Many improvements will of course require an 
initial investment, such as new equipment 
(cost, setting up time, extra floor space), 
retraining of staff, possible higher energy con-
sumption, and extra supervision. Nevertheless 
the environmental benefits can be substantial, 
and even from a purely economic point of 
view, the resulting improvements in through-
put and product quality are often enough to 
justify investments in cleaner processes. 

Every plating shop needs to evaluate its own 
situation, so as to be able to select the best 
package of measures. This evaluation should 
include: consumption of process chemicals, 
water and energy; assessment of the produc-
tion methods in use from the standpoint of 

environmental impact, and the need and 
options for waste treatment and disposal. 

For most establishments, a proper process 
control laboratory will do much to help the 
owner/manager in the efficient operation of 
his plant. A laboratory will help in: 

- control of finishing processes within nar-
rower and lower operating ranges. 
Lower operating ranges means savings 
in chemicals dragged out, reduced need 
for treatment, and less sludge for dis-
posal; 

- trouble shooting to reduce rejects caus-
ed by out-of-control situations; 

- efficient operation of treatment baths, 
determination of dumping frequencies 
by test rather than habit, control of 
additions to processing baths; 

- determining effectiveness of treatment. 

3.' MINIMIZING EFFLUENTS 

Both the volume and strength of effluents are 
important in regard to environment impact. 
As well as having a greatly diminished pollu-
tion potential, there is a concomitant saving in 
requiring a smaller effluent treatment plant. 
A number of effluent reduction options are 
discussed below. 

3.1.1 Drainage and Dragout 

Most of the contaminants in rinses come from 
the dragout of chemicals when work pieces 
(and the work carriers) are transferred from 
the treatment bath to the rinse tank. Volume 
of dragout depends on the drainage proce-
dure, in particular: 

- the speed of withdrawal; 

- the shape of the work pieces; 
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- details of barrel perforations; 
- the dripping time; 

- the concentration of the bath chemicals; 

- the viscosity of the bath; 

- the temperature of the bath; 

- the position of the work piece on the 
rack. 

The reduction in dragout is a particularly use-
ful first step to pollution reduction as substan-
tial benefits can be achieved for almost no 
additional investment. The following sugges-
dons should be helpful in minimising dragout. 

If barrels are used for the rinsing operation, 
they should be immersed twice in the rinse-
tank, with a complete rotation over the tank 
between i.mmersion to improve drainage. 

Barrels create more difficulties than racks 
because of entrapments in and on the barrel 
itself. Barrels containing simple parts that do 
not collect solution should not normally be 
rotated during drainage, since rotation will 
hold the solution on the surface of the pieces. 
However rotation of barrels for cup-shaped 
components is necessary to effect proper 
drainage. 

A simple test for the effectiveness of any barr-
el-parts combination is to measure the 
amount of solution recovered after allowing 
the liquid to drain into a dry container for 
various combinations of operation. A more 
thorough test is to measure, by chemical 
analysis, the amount of chemical carried over 
into a tank of clean water. (The volume of the 
tank needs to be known, of course, to permit 
the calculation). This method measures the 
total carry-over, not just the amount lost by 
drippage. 

It is important to inspect barrels frequently to 
ensure that the holes remain clear. Barrel 

holes in polypropylene cylinders for example, 
are subject to peening over when heavy parts 
are run. 

With rack systems, the rack and the work 
pieces should be placed above the plating tank 
for dripping (see Fig. 2). 

In all cases, sufficient dripping time should be 
allowed. With chrome plating, for example, 
this time should at least be 20 seconds for each 
work piece. 

By draining the work pieces carefully, about 
70 % of the dragout problems can be elimin-
ated. (For hot solutions caution must however 
be exercised to avoid the solution drying out 
onto parts, as this makes rinsing more difficult 
subsequently). 

Draining of work pieces can be further impro-
ved by additional equipment. Air stream drip-
ping (see Fig. 3) reduces the required time sig-
nificantly. Other techniques include the 
removal of solution drops by vibrations or 
ultrasonic treatment. In some cases the addi-
tion of surfactants to the bath may improve 
drainage, provided that these substances do 
not themselves create problems at subsequent 
operational steps, or themselves constitute a 
pollution problem. 

3.1.2 Reduction of Rinsewater 
Consumption 

Traditionally, the metal finisher has used 
water generously for rinsing purposes, often 
without attempting to measure the amounts 
really required. This practice is now being 
increasingly questioned because of the cost of 
treating the resulting large volumes of waste-
water. The high price of water in urban areas 
is a contributing factor in many places. 

Where water is still being used freely without 
any attempt at control, it is usually quite easy 
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a) 	 b) 	 c) 

Figure 2 : Allowing sufficient dripping time for treated work pieces is the simplest and most cost-effi-
cient method of pollution control : (a) over the treatment bath, (b) over a special drag-out 
recovery tank and, (c) after every rinsing over the rinsing bath. Baths which are close 
together reduce the opportunity for spillage. The use of drain-boards made of corrosion 
resistant material helps to return drips to the baths when parts are transferred between 
tanks. 

A 

Figure 3 : Principle of improved dripping of the work pieces by air stream or fog spray treatment 
above the bath. When applying this technique, care must be taken that air velocity is not 
excessive and that drops are collected in the bath tank. Air must be oil-free to avoid 
deterioration of the finish. 
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to reduce consumption by at least 50% and, 
in some instances, by as much as 90%. The 
consumption of rinsing water is governed by: 

- the arrangement of the rinsing tanks; 

- the length of time during which the 
work piece is being rinsed; 

- the volume of rinse water that can be 
brought into contact with the work 
piece in a given time; 

- the concentration of the solution adher-
ing to the work piece; 

- the temperature of the work piece and 
the water; 

- the shape of the work piece, and the tur-
bulance of the solution; 

- the position of the work piece on the 
rack; 

- the draining time required over the pro-
cess tank prior to rinsing. 

Minimizing Water Consumption 

The first step, both in new and existing plants, 
is to find out how much rinsing is required. 
This question has been the subject of much 
study, and theoretical calculations are avail-
able from handbooks (e.g. 9, 12). Most metal 
finishers, however, prefer to work out the 
actual requirements on their own as follows: 

i. run the process with those pieces which 
are the most difficult to rinse, e.g. due to 
form; 
run the procedure with the bath where 
the rinsing procedure is the most com-
plex; 

determine the water flow rate for that 
bath. This can be done with a bucket 
and a stop watch or by measuring how 
long it takes to fill a tank to a given 
depth; 

gradually reduce the flow of water until 
the rinse becomes inadequate because of 
contamination of subsequent baths or 
because stains are remaining on the 
work pieces; 

increase the flow to about 10% more 
than the level in step 4; 
install flow restrictors to keep the 
flowrate constant, and permit only 
supervisors to make changes. 

Automatic control of water flow can be achie-
ved with a controller that measures conductiv-
ity in the rinse tank. 

While rinsewater minimization is an import-
ant goal, care must be taken that this does not 
increase the carry-over of contaminents, 
which cause defects in the work, or rejection of 
contaminated baths. Chemical analysis 
should corroborate the visual inspection of 
rinsewaters. 

Improvement of Rinsing 
Effectiveness 

A significant improvement in water consump-
tion can be obtained by optimizing the rinsing 
quality of the baths. Possibilities to improve 
the rinsing efficiency include: 

- air agitation of the rinse water, or agita-
tion by hydraulic, mechanical or ultra-
sonic methods (note that air agitation, 
while simple, is energy intensive, and 
requires a clean, oil-free air supply); 

- agitation of work pieces during rinsing; 
- raising the water temperature; 

- introduction of fresh water at the bot-
tom of rinse tanks, using a spreader, or 
even better, an eductor; 

- use of spray rinsing techniques. 

A well equipped bath is shown in Fig. 4. 
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COMPRESSED 
AIR 

I N 

FLOW 
METER 

Figure 4 : Control of water flow and improvement of rinsing efficiency. 

Flow Rinsing, Static Rinse Baths, 
and Cascade Rinsing 

The simplest rinsing procedure uses simple 
flow rinsing in a single rinse bath with a con-
tinuous high water flow to clean the work 
piece. Chemicals dragged out into the rinse 
tank are lost. Improvements in water con-
sumption, chemical loss, and final treatment 
can be achieved by using one or more inter-
mediate static rinse baths in sequence before 
the final continuous flow rinsing tank (see Fig. 
5). The water in the static rinse baths is peri-
odically replaced. 

The highest efficiency is obtained by installing 
a counter-current rinse water cascade as 

shown in Fig. 6. For most tank designs, the 
best efficiency will be obtained with a bottom 
water supply and a top water run-off for each 
bath, as shown earlier in Fig. 4. 

In existing plants where multiple cascade rins-
ing is not already in use, at least two counter-
flow tanks should be installed wherever pos 
sible. Their introduction will dramatically 
reduce water consumption (up to 90%) while 
not changing the rinsing effect. A third tank 
would allow a further reduction. New installa-
tions should be equipped with multiple 
cascade rinsing from the start. 

Annex B contains some tables for calculating 
cascade rinsing effects. 
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q= 10 	
(1=10 m3/h 

q= 10 I/h 

0=2m 3/h 
Rd = 1000 

a) 

 

FANT Rd
NT DEGREE
SING) 
	 q-101/h 

2 STATIC RINSES BEFORE 
FLOW RINSING 

Rd= 1000 
cI 

Figure 5 : Effect on rinse water consumption by use of intermediate static rinse baths to achieve an 
equivalent degree of rinsing. 

Static Recovery Rinse 

An alternative to flow rinsing arrangements is 
to use one or more static rinse tanks. With 
such a system the dragout accumulates in the 
rinse tanks, and can therefore be recovered. 
The solution contained in these tanks can be 
used to make up the plating bath losses caused 
by evaporation and dragout (see Fig. 7). 

Under some circumstances the bath chemi-
cals can be recovered almost completely. 

The following are particular advantages of the 
static recovery rinse: 

- lower costs due to recovery of the bath 
chemicals; 

- decrease in labour for bath mainten-
ance. 

Disadvantages of this process are: 
- the increase in plating operations by an 

increased number of rinse tanks; 

- the increase in floor space requirement 
for these rinse tanks. 

ECO-Rinse 
EGO (ie. o economical >>) rinses are static rin- 
ses in which the workpieces are immersed in 
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Figure 6 Schematic design of cascade rinsing. Water consumption is reduced by use of the counter-
current principle : the effluent of the downstream rinse bath serves as water supply; Co = 
concentration of the treatment bath, Cs, C2, ..., Cn = concentrations of the 1st, 2nd, 
..and last rinsing bath within the cascade; q = drag out ratio specified as volume per 

hour; Q = water flow rate. 

EVAPORATION 

	

OUGHPUT'¼J 	
MONDAY 

:1:ifi 	j/ 
i.- RINSE 	A 

FRIDAY 

	

PERIODIC 	REFILLING 	INTERMITTENT 	WATER 

Figure 7 : Schematic design of a static recovery rinse 

FRI- 
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the rinse tank before and after treatment in 
the plating bath (Fig. 8). The term dragin/-
dragout may also be applied to this proce-
dure. Dragout is lowered to 50% because the 
same quantity of liquid is transferred to the 
treatment bath (by the untreated work pieces) 
as to the subsequent rinse tank (by the treated 
pieces). The recovery of chemicals is optimiz-
ed by use of an EGO rinse followed by cascade 
rinsing; effluent carried over compensates for 
the evaporation from the treatment bath. In 
using this procedure care must be taken that 
contaminants do not build up in the rinse 
tanks over time. Organic contaminants can be 
removed by passing the solution periodically 
through a carbon filter. 

Spray Rinse 
Spray or jet rinse offers some advantages, 
especially for zinc, copper or nickel plating in 
the barrel: 

- a decrease in water consumption;  

- the cost of concentrating the solution 
prior to recycling into the plating bath 
is reduced; 

- there is considerably less static recovery 
rinse: 99%  of dragout can be recovered 
by spray rinse. 

A number of different process configurations 
are possible. Thus dripping liquid from the 
work pieces can be directly returned to the 
treatment bath, spray effluent can be trapped 
by an extra tank, or the spray solution is drai-
ned into the following rinse tank. A further 
possibility is to use several successive sprays 
over a series of counter-current flow tanks. 
The water from each succeeding tank is used 
for the preceeding spray rinse stage. 

Reactive Rinse 
Reactive rinsing is the use of rinsewater from 
one operation as the source for another. For 
example, rinsewater following chloride zinc 
plating may be used for the hydrochloric acid 

PAR1 
IRE) 

Figure 8 : EGO-rinse operation. The work pieces are immersed before and after the treatment bath 
in a static rinse tank; a smaller quantity of chemicals is concentrated in the rinsewater 
under steady state conditions because half of the dragout is transferred back into the treat-
ment bath; q = dr.qout ratio, Co = bath concentration, CECO = EGO rinse concen-
tration; Co = 2 x (l.CO, i.e. CECO = Co/2. 

18 



IMPROVING METAL FINISHING TECHNIQUES IN REGARD TO ENVIRONMENTAL PROTECTION 

rinse preceeding the zinc plating, utilizing the 
wetters in the zinc to promote drainage. Any 
rinsewater dragged back into the zinc con-
tains zinc solution just carried out. Rinse 
waters in rack operations may be able to be 
used in companion barrel plating operations 
for the same operations, where lower rinse 
ratios may be acceptable. Another method of 
accomplishing similar goals, is to simply dip a 
rack of barrels in the rinse immediately follow-
ing a process before being immersed into the 
process itself, thereby dragging back in some 
of what had just been dragged out in a pre-
vious operation. 

3.1.3 Regeneration of Baths 

In order to keep solution strength constant, 
the chemicals lost to a process are periodically 
replaced. However the accumulation of by-
products (which may consist of precipitated, 
suspended or dissolved substances) will even-
tually result in a deterioration of the finishing 
quality. The replacement of baths yields a sig-
nificant quantity of waste to be disposed of, 
and the process which maintains the baths in 
the best condition for as long as possible is the 
most desirable. Some regeneration methods 
are described in the following pages. Oper-
ators are advised to consult their suppliers for 
individual applications and the installation of 
suitable equipment. 

A related consideration to the above is bath 
re-use for an application where less exacting 
requirements exist. The progressive re-use of 
cleaning solutions from the rear of a series of 
baths to the front of the sequence where the 
highest levels of contamination exist is one 
application of this technique. 

While bath regeneration and re-use are highly 
desirable from both economic and environ- 

mental points of view, it is unwise not to have 
some spare capacity in the general waste tre-
atment system so as to cater for spent baths if 
the regeneration system should one day fail. 
The lack of such back-up could otherwise 
cause severe complications, and perhaps lead 
to a temptation to illegally dump the bath 
contents. 

Filtration And Centrifugation 

Filtration or centrifugation (Fig. 9)  are effec-
tive methods for improving the life of a treat-
ment bath. An activated carbon filter can be 
used to remove dissolved organic impurities in 
addition to its action in removing solids. The 
removal of oils from alkaline cleaners by 
ultrafiltration considerably prolongs the life of 
treatment baths, and reduces interference by 
oils with flocculation and settling steps during 
clarification. Separation of the grease film 
from degreasing baths is another example of 
the use of centrifugation or filtration (see Fig. 
9). In addition to the above a number of 
newer technologies such as hydrocyclones, 
packed media filters, and electrolytically 
enhanced cross-flow membrane filters are 
being refined and should become more readily 
available in the future. 

Filtration or centrifugation can be carried out 
during normal operation, either continuously 
or intermittently. The advantages of these 
techniques are: 

- fast regeneration of the treatment bath 
with high efficiency; 

- the working process does not have to be 
interrupted; 

- resulting wastes are highly concentrated 
(and may thus be able to be recovered); 

- disposal of residues may be easier than 
would be the case for concentrated 
liquid wastes. 
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Despite the advantages, the comparatively 
high investment and operating costs have 
tended to inhibit the use of these techniques. 
Nevertheless there are circumstances where 
filtration or centrifugation offer interesting 
alternatives to other approaches. 

Evaporation 

Normal evaporation losses from hot treatment 
baths can often be compensated by re-use of 
effluent from the rinsing cascade as illustrated 
in Fig. io. If the effluent rate equals the 
evaporation rate, a complete recovery of bath 
chemicals can theoretically be obtained. If the 
rate is inferior, the rinse bath can still be con-
centrated by forced evaporation to achieve 
the required strength. 

In the case of cold baths, recovery of the bath 
chemicals is still feasible (Fig. ii), but forced 
evaporation requires additional investment in 
equipment, and higher energy costs. If a con-
denser is used, both dragout chemicals and 
water can be recirculated (Fig. ii (a) and (b) 
for example). 

If there is a possibility that dissolved minerals 
in the feed water will build up and interfere 
with the treatment process, it is recommended 
to use dc-ionized water for makeup. Other 
contaminants that build up may need to be 
removed by cation exchange or similar tech-
niques from time to time. 

Forced evaporation techniques could be consi- 
dered for processes involving highly toxic or 
expensive chemicals. Given the installation 

FILTER 
CAKE 

ON 	 Oil 

Figure 9 : Filtration or centrifugation of suspended or sedimented particles from treatment baths. 
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and operating costs, as well as the require-
ment for technical and chemical know-how, 
they are best suited to larger plants. They 
may nevertheless be also considered for 
advanced new plants of smaller enterprises 
where a h.jgh level of technology is desired. In 
suitable climates, solar energy may be a useful 
source of heat for evaporation. For a more 
detailed description of the necessary equip-
ment the reader is referred to literature refer-
ence (12) or handbooks on this subject. 

Freeze Sçparation 

The freezing of solutions may be used to con-
centrate and separate dissolved impurities. It 
can for example regenerate copper cyanide by 
removing the carbonates. 

Thermodynamic energy requirements for sep-
aration by freezing are less than for evapora-
tion (the theoretical values are 334kJ/kg 
instead of 2257 kJ/kg) and this technique 
therefore has a lower operating cost than 

Figure x o Use of rinse effluent to compensate for evaporation loss in a bath. 

Fig. xi (c) illustrates an evaporation tech-
nique with practically complete recycling of 
rinse water and bath chemicals. Due to pos-
sible corrosion problems accompanying evap-
oration of strong electrolyte solutions in I I 

(c) it is in fact more common to carry this out 
on the more dilute rinse solutions. 

evaporation. Investment costs may be accept-
able for larger metal finishing plants. 

Electrolytic Recovery 

Electrolytic recovery of metals is a well devel- 
oped technique. It can be recommended for 
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CONDENSATE 

a) 
 

BATH 

EVA P 

CASCADE RINSIN 

EVAPORATION FROM THE DEPOSITION 

Figure i i : Possibilities for the use of evaporation and condensation to avoid or minimize the loss of 
bath chemicals. 

smaller as well as larger finishing facilities, 
especially in cases where the cathodically 
deposited metal can be re-used for metal plat-
ing within the plant. 

It is characteristic of this technique that com-
plete recovery of the metal from dilute sol-
utions cannot be achieved. As the metal salt 
concentration reduces due to the metal extrac-
tion, the voltage must be increased in order to 
continue the cathodic deposition. Voltage 
enhancement is ultimately limited by secon-
dary reactions such as water decomposition. 

Electrolytic recovery can therefore only be 
one of several steps within a pollution control 
strategy. Nevertheless, the efficiency of tradi-
tional recovery methods is gradually being 
improved by the development of new electro-
chemical reactors incorporating for example 
magnetic activation or porous electrodes. 
Such new techniques should gradually find 
their way into more common use in coming 
years. 

Fig. 12 shows how an electrolytic cell may be 
integrated into a treatment chain. Three 
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examples of the implementation of electrolytic 
copper recovery from pickling are shown. It 
should be emphasized that electrolytic reco-
very combined with metal concentration by 
evaporation (hot treatment bath, use of an 
evaporator), or by a cation exchanger, impro-
ves the recycling efficiency considerably. 
Chrome (III) recovery from chromic acid 
baths is also possible by electrolysis. 

COMPENSATION FOR 
EVAPORATION LOSSES 

For ion exchange processes, columns filled 
with special resins are employed to extract 
specific anions or cations (eg. nickel) from 
liquids which pass through the columns. 

Ion exchangers are effective for recovering 
materials from dilute solutions, but invest-
ment and processing is rather expensive. Fur-
thermore their maintenance is not simple. 

CLEANING 

LYS 

Figure 12 Examples of electrolytic copper recovery from pickling baths combined with evaporation 
(hot bath or evaporator) or ion exchange techniques. 

3. 1 .4 Recovery from Dilute 
Solutions 

The preceeding techniques will be useful in 
minimizing the loss of chemicals to the effluent 
stream. Only rarely however can the loss be 
totally prevented. A further consideration is 
then to attempt to concentrate the remaining 
inevitable losses so as to facilitate the subse-
quent recycling or treatment. Methods 
described below can be helpful in extracting 
chemicals which are present in low concentra-
tions. Accordingly, while they have useful par-
ticular applications, they are not all equally 
suited for all types of baths or effluents. Fur-
ther expert advice should be sought in order 
to make the best choice. 

Regeneration has to be undertaken from time 
to time when the resin is saturated with ions. 
Ion exchange systems with automatic regene-
ration are now commercially available. Alter-
natively, resin cartridges may be sent off to a 
commercial regeneration facility. 

Fig. 13 shows the installation of an ion exch-
anger. A more sophisticated system (Fig. 14) 
consists of three exchangers in sequence for 
the elimination of metal ions from a chromic 
acid bath. Here ion exchange is used for the 
regeneration of treatment baths to signifi-
cantly enhance their service life. 

In modern installations, ion exchangers are 
essential for the reduction of water consump- 
tion (rinse waters are used in a closed system 
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ION FIXATIflrd 

Figure 	Use of ion exchange regeneration of a treatment bath by the removal of metal ions 
results in a significantly extended life time of the bath, reduced consumption of chem-
icals, and an enhanced level of product quality. 
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Figure 14 : Ion exchangers in sequence for the recycling of metal ions, of rinsing water, and of 
chromic acid. 

without an effluent) and for the recycling of 
treatment chemicals. Recovery of other wastes 
by means of ion exchange will also become 
more significant in the future. For example it 
can be used to recover copper from process 
waters in the electronics industry 

Reverse Osmosis 

Reverse osmosis can be used to concentrate a 
solution by using high pressures to force sol- 
vent molecules through a semi-permeable 
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membrane. The larger solute molecules can-
not pass through the membrane and are left 
behind, becoming gradually more concen-
trated as the solvent is driven off. Eventually 
the concentrated wastewater is bled off for fur-
ther treatment, or for recovery. Equipment is 
rather specialized, requiring special mem-
branes and high pressures of 20 to 30 bars. 
Accordingly reverse osmosis is expensive, and 
the maintenance of the membrane needs a 
skilled operator. It is suitable for large plants 
with access to technical skills. 
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Fig. 15 shows how a reverse osmosis unit can 
be integrated into a process line. 

Ultrafiltration 

Ultrafiltration employs larger membrane 
pores than reverse osmosis, and therefore can 
operate with lower applied pressures (from i 
to 8 bars). Ultrafiltration is useful for the sepa-
ration of chemicals of larger molecular size, 
such as oils and dissolved organic substances. 

It can for instance be applied to remove emul-
sions or colloids from degreasing or amor-
phous phosphatation baths, or for the sepa-
ration of smaller contaminating molecules 
from larger sized particles. 

Due to the nature of materials likely to be 
recovered, it is more applicable as a pretreat-
ment in waste water treatment than as a 
method of recovery of useful chemicals. 

Water treated by ultrafiltration is less pure 

THROUGHPUT •.•.•. 	OTHER RINSING 
OPERATIONS 

REVERSE 

Figure i 	Application of reverse osmosis : the dragged out chemicals are re-cycled to the treatment 
bath. 

FILTERED SOLUTION 

EFFLUENT 

Figure 16 Ultrafiltration system for the separation of colloids, and particles or dissolved substances 
with large molecular sizes (molecular weight between i 000 and 100 000). 
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than that obtained by reverse osmosis. Subse-
quent purification (e.g. by ion exchange) may 
be necessary. The specific advantage of ultra-
filtration is to separate large molecular weight 
materials very effectively from solutions. 

Other Membrane Techniques 

In electrodialysis the diffusion of ions across a 
membrane is accelerated by an electric poten-
tial. This method is useful for the concentra-
tion and purification of chromic acid baths as 
well as rinsewaters generally. It is useful in 
achieving recovery of bath materials, and is 
suitable for small as well as larger plants. 

There are also other membrane exchange 
techniques under developement. They pro- 

misc to be suitable for the removal of heavy 
metals, but they are still in the experimental 
stage and are not yet routinely applied. 

3.1.5 Combination of Different 
Technologies 

Some of the technologies discussed so far can 
be used in combination so as to achieve higher 
efficiencies than would be individually pos-
sible. The selection of such a combination 
depends on a careful analysis of the produc-
tion process, the purification objectives, and 
the relative cost factors under the conditions 
prevailing at each plant. 

In some cases combinations are not only 
options, they are necessary. In the case of dcc- 

á!• 
TgFER2. 

Figure 1 7 : Typical placement of an electrodialysis step in a low pollution operation. 
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orative chromium treatment for example, 
electrodialysis in connection with a static rinse 
requires a further concentration step (eg. 
evaporation) for the chromic acid solution 
from the electrodialyser before it can be use-
fully re-introduced into the plating bath. 
Another example concerns the cascade rinse 
effluent from a cold plating process. This must 
again be concentrated before it can be re-
used. 

Not all options can be discussed here. Table 2 

shows a number of combinations that can be 
easily used to achieve the efficiencies shown. 
Other combinations must be investigated on a 
case by case basis. 

3.2 WASTEWATER TREATMENT 

Several different waste streams will usually 
originate from a single metal finishing plant. 
The different composition and concentrations 
of these waste streams will require different 
treatment procedures, and in many cases it is 
advisable to treat them separately so as to 
achieve the highest removal efficiency. Separ-
ate treatment (or at least pre-treatment) also 
avoids the possibility that incompatible wastes 
will undergo undesirable reactions in the sto-
rage tanks. Such reactions can be a hazard to 
personnel by generating toxic gases, or the 
wastes may combine to form complexes that 
are difficult to treat, eg. nickel cyanide. 
In alicases the waste stream must be carefully 
evaluated before selecting a treatment 
scheme. Many enterprises have opted for tre-
atment schemes that cater for their own 
wastes, but in some circumstances it may be 
economic and practical to arrange a centrali-
zed waste treatment facility for a group of 
enterprises close together. 

It is also common in many cities for industries 
to discharge wastewaters to a public sewerage 
system. Public sewage treatment systems how-
ever usually rely on biological processes which 
cannot deal with heavy metal wastes. Accord-
ingly many authorities only accept pretreated 
effluents in their system. Such a system then 
provides dilution, but little further treatment. 

Figure 18 depicts the basic elements of a typi-
cal wastewater treatment system for metal fin-
ishing operations. In the following sub-para-
graphs, specific parts of the overall system will 
be discussed. 

For most heavy metals, precipitation as insol-
uble hydroxy or sulphide compounds is 
achieved by addition of simple reagents fol-
lowed by pH adjustment and sedimentation. 
In the case of hexavalent chromium, it may be 
necessary to first chemically reduce the metal 
to a form where it will more readily form 
insoluble precipitates. 

Cyanide removal is achieved by oxidation to 
harmless residues. A precipitation step may 
still need to follow the oxidation stage in order 
to remove the accompanying soluble metal 
ions. 

For particularly hazardous substances such as 
cadmium a totally separate treatment system 
may be advantageous, including separate dis-
posal procedures. In all cases, to ensure that 
treatment will be effective there is a need to 
distinguish between treatment of rinsewaters 
(high flow and low concentration) and 
discarded strong process solutions (cleaners, 
acid dips, plating solutions) of low volume 
and only occasional discharge, but of high 
concentration. A batch treatment system can 
cope with the two types of wastewater but a 
continuous flow system is likely to be over-
loaded by shock loads. Accordingly, a simple 
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WASTE WATER TREATMENT 

Chrome 	 Cyanide 	 Heavy metals 
containing 	 containing 	 acidic or alkaline 
waters 	I 	waters 	I 	I 	wastewaters 

Chromium 	 Cyanide 
reduction 	I I 	destruction 

Flow equalization 

Neutralization 
and/or 

precipitation ,flocculation 

Treated 
effluent Sedimentation 	 I__Ef_* + 

(effluent polishing) 

Sludge thickening 	
Sludge

+ 
Sludge dewatering 	

(chemical fixation) 

Landf iii 4 
River or sewer 

Figure 18: Elementary block design of a wastewater treatment system for a typical metal 
finishing opera don. In practice a number of additional treatment processes 
may be added to recover mat erials, and to enhance treatment effectiveness. 
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approach is to store any strong solutions and 
release them slowly into the treatment system. 
The flow equalisation stage is vital to ensure 
that the treatment process can function as 
designed. 

3.2.1 Detoxification of 
Hexavalent Chromium 

Hexavalent chromium compounds come from 
processes such as polishing and brightening, 
pickling, passivation, chrome plating, chro-
mating, and plastic metallisation. Reduction 
of Cr (VI) to the more easily precipitated iii-
valent state can be achieved in a number of 
ways. 

Chromate Reduction with 
Sulphur Compounds 

Sulphur compounds are commonly employed 
for the reduction of hexavalent chromates. 
Advantages include short reaction times, the 
simple observation of the reactions by measur-
ing the redox potential, and a low yield of 
sludge after neutralisation with sodium 
hydroxide. The sulphur compounds may con-
veniently be sulphur dioxide gas (S02) (the 
gas is dissolved in the solution), metabisul-
phite (Na2S205), or normal sulphite 
(Na2SO3). All these substances react with 
hexavalent chromium in the same way: in 
acid solution (optimum pH range: 2 to 3) they 
are dissociated and the bisuiphite anion 
(HS03 2-) reduces the chromium to the tri-
valent state. 

Stoichiometrically, for the reduction of i g of 
hexavalent chromium 0.92 g of S is required. 
From this the quantities of the appropriate 
reagent can be calculated, assuming the reac-
tion goes quickly to completion. 

Table 3  shows the yield of hydroxide precipit- 

ation and of sulphur salt after chromium 
reduction to indicate the burden on the depo-
sition site or the environment. 

In view of the deleterious effects of sulphur 
compounds on concrete sewers and drains, the 
effect of the reaction products may need some 
evaluation. The requirements of the relevant 
authorities should be ascertained before 
installing and operating the reduction plant. 

Reduction with Divalent Iron 
Salts 

Iron salts are often used because they are 
cheap, and readily available as by-products 
from other processes (removed from waste 
water, for example). The theoretical require-
ment is 3.22 g Fe (II) and 6.6o g H2SO4 (or 
4.91 g HCl, respectively) for the reduction of i 
g of hexavalent chromium. The high volumes 
of sludge generated increases the cost of 
disposal compared to other methods (see 
Table 3). 

Electrolytic Reduction 
of Chromate 
The cathodic reduction of hexavalent chro-
mium is performed in acid solution. pH con-
trol is achieved through acid addition as 
required (the theoretical value equals that of 
the iron salt reaction). The electrolytic effici-
ency is 95%, the practical energy consump-
tion around 1.2 kWh/i kg Cr03. However 
the presence of iron or copper affects the effici-
ency of electrolytic reduction, and these 
metals may need to be removed first if they 
are present. The lowest concentration possible 
under practical conditions is 0.5 mg/I, but it is 
not recommended to run the process to this 
value, because at low concentrations the time 
requirements increase considerably. If the 
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Hazards are best minimized by ensuring as rapid a hydrolysis as 

possible. This is achieved at a high pH of around 11.5 with a detention 

time of up to one hour to guarantee complete reaction. Good mixing is 

essential. in some countries the retention time may be set by regulation. 

If no further oxidation is required from cyanate to nitrogen and carbon 

dioxide, then the overflow from the retention tank can be piped to an 

equalization tank for subsequent neutralization. 

In a few cases the further oxidation of cyanate may be required. This is 

usually carried out at a pH of 8.0 to 8.5, again using hypochlorite. 

pH control must be highly reliable to avoid the risk of toxic gas 

formation under acidic conditions. 

Good control of the above reactions is greatly facilitated by the use of 

automatic pH sensors and feed pumps. These should be meticulously 

maintained to guarantee reliable operation. The use of equalization 

tanks allows for easier flow regulation prior to subsequent treatment 

stages. Equalization tanks are a key to effective waste treatment for 

most metal finishing effluents. 
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chromium concentration is not high (100 to 
1000 mg/i), other reducing methods can also 
be used. Higher concentrations should be pre-
treated electrolytically, followed by other 
reducing processes. 

In a first step, cyanides are oxidized by 
hypochiorite to cyanogen chloride, an extre-
mely toxic gas. The second step, the hydrolysis 
of cyanogen chloride to cyanate, takes place 
virtually at the same time in the reaction yes- 

Reducing Agent 	Yield of Sodium Sulphate 	Precipitated Hydroxides 
from Neutralization (kg) 	as Dry Matter (kg) 

sulphur dioxide 	 4.' 	 1.98 
sodium bisuiphite 	 8.2 	 1.98 
iron (II) sulphate 	 16.4 	 8.14 

Table 3  Precipitation of hydroxides and neutral salts from hexavalent chromium reduction by sul-
phites or iron salts (Table taken from 6) 

3.2.2 Detoxification of Cyanides 

Processeses for the detoxification of cyanide 
have been thoroughly researched, as cyanide 
is one of the most toxic agents used in the 
metal finishing industry. The chemistry of 
cyanide detoxification is relatively compli-
cated and in most cases degradation needs 
more than one reaction step. 

Degradation with Chlorine 

Large detoxification facilities work economi-
cally with chlorine gas addition or electrolytic 
chlorine production. The use of (12% to 
15%) sodium hypochlorite solutions is recom-
mended for smaller plants. If chlorine gas is 
used, the hydrochloride generated together 
with hypochlorite requires further neutraliza-
tion chemicals. This technique is suitable if 
the cyanide concentration ranges between 0.1 
and 1.0 g/l. A disadvantage of using chlorine 
is the high production of salts from the subse-
quent neutralisation. 

sd. Although cyanogen chloride is highly solu-
ble in water, the temperature must not exceed 
40°C to avoid degassing of solutions. 

Hazards are best minimized by ensuring as 
rapid a hydrolysis as possible. However pH 
should not be too high if the further oxidation 
of cyanate to nitrogen and carbon dioxide is 
to be carried out. This third degradation step, 
not always required by the water authorities 
in industrialized countries, is again achieved 
by hypochlorite. A suitable pH for both reac-
tions is around 8.5, and this should be very 
carefully maintained. 

Alkaline, zinc or cadmium cyanides are 
destroyed rapidly. Under excess hypochiorite 
conditions, suitable pH and with solution tur-
bulence, copper cyanides need about 30 min-
utes oxidation time. For safety reasons, three 
times the minimum reaction time should be 
allowed, i.e. 90 minutes. In some countries the 
times may be set by regulation. Complexed, 
other noble metal, iron or nickel cyanides 
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however need much higher hypochlorite 
excess and longer times for an adequate reac-
tion. These cyanides should preferably be first 
separated by ion exchange. Regeneration 
then yields alkaline cyanides which are 
readily degradable. Recycling of the metals 
from the cation exchanger is also possible, and 
is a particular advantage for the expensive 
noble metals. Wherever possible unnecessary 
complexing of metals with cyanide should be 
avoided in the plating process. 

The oxidation of i kg of cyanide (CN) to 
cyanate theoretically requires 2.86 kg of 
sodium hypochlorite, or 2.69 kg of chlorine 
gas. If chlorine (C12) is used, neutralisation of 
the generated hydrochloride requires 3.08 kg 
of NaOH per kg NaCN. 

For the oxidation of cyanates additional 
hypochiorite is required. In this case the the-
oretical amount for the complete degradation 
of cyanide to nitrogen and carbon dioxide is 
7.12 kg sodium hypochlorite or 6.70 kg of 
chlorine gas (and 7.7 kg NaOH for neutralisa-
tion), per kg of cyanide. 

Oxidation of cyanides has to be checked by 
chemical analyses in order to regulate the 
dosage of chemicals. Special electrodes for pH, 
cyanide or chloride are available. The addi-
tion of chemicals may be undertaken 
manually, or automatically by special equip-
ment. There should be no free chlorine in the 
effluent in order to avoid the possibility of 
oxidizing chromium to the hexavalent state 
when effluent is mixed with other wastewa-
ters. 

neutralisation of the treatment solution is 
necessary. There are several methods in use. 

A suitable oxygen producing agent is hydro-
gen peroxide (H202). Theoretically 1.3 kg 
H202 is sufficient per kg of cyanide. In prac-
tice an excess of H202 is necessary to ensure a 
useful reaction rate. This process is not recom-
mended with low initial cyanide concentra-
tions (less than 500 mg/I). The reaction can be 
accelerated by addition of catalysts or formic 
acid, and may then be suitable for cyanide 
concentrations between 100 and i000 mg/i. 
Persulphuric acid can also be used as the oxy-
gen delivering substance. It hydrolyses to 
H202 and sulphuric acid in aqueous solution. 
Direct ozonation is another possibility. Con-
centrated peroxide and persulphates are haz-
ardous substances and must be handled with 
care. 

The catalytic oxidation of cyanides by non-
activated oxygen is also possible. Several car-
bon products have been tested as catalysts. 
Due to longer reaction times, these methods 
are recommended only for wastewaters con-
taining low concentrations of cyanides, 
especially as aftertreatment. 

Other Cyanide Oxidation 
Processes 
Electrolytic cyanide degradation can be car-
ried out in the presence of chlorides. Cyanides 
can be oxidized by electrolytic splitting of oxy-
gen from hydroxides. This technique works 
economically only with concentrated cyanide 
wastes. 

Cyanide Degradation by Active 
or Activated Oxygen 	 Precipitation of Cyanides 

If oxygen is used for the degradation of cyan-
ides, no additional salts are produced, and no 

Iron ions form highly stable complexes with 
cyanides. A precipitation of divalent or triva- 

32 



IMPROVING METAL FINISHING TECHNIQUES IN REGARD TO ENVIRONMENTAL PROTECT ION 

lent hexacyanoferrates is possible as a detoxi-
fication step within the final wastewater treat-
ment. But the resulting sediment is not suit-
able for a landfill waste deposit, because acids 
or photolytic reactions may under some cir-
cumstances release cyanides from the deposit. 
Disposal therefore should be by other means 
such as thermal destruction. 

Thermal Degradation of 
Cyanides 

Thermal degradation of cyanide substances 
yields nitrogen or nitrates and carbon com-
pounds (formates, carbonates), together with 
an inorganic residue from any associated 
metal cations. Burning at 1200 to 1 400°C 
destroys cyanides completely, yielding nitro-
gen and carbon dioxide as products. 

Thermal processes are applicable only for con-
centrated wastes. The equipment required is 
capital intensive and skilled maintenance is 
necessary. Metallic combustion residues may 
still pose a disposal problem. As a rule such 
techniques have a use only for solid residues 
which cannot easily be brought into solution 
for treatment in aqueous media. 

Comparison of Cyanide 
Degradation Techniques 
The standard detoxification method for cyan-
ides in small metal finishing plants is still oxid-
ation by chlorine. Advantages are the reaction 
speed, the possibilities of analytical process 
control, low costs, and a relatively long 
experience in handling. 

The precipitation of cyanides from concen- 
trated wastewaters as hexacyanoferrates is 
suitable, if a thermal degradation step follows. 

Peroxy-compounds have the general disad- 

vantage of requiring long reaction times. 
These processes are useful where only small 
quantities of cyanide waters are to be treated. 
The content of salts in the effluent is low. 

If cyanides are destroyed in a continuous flow 
stream, hypochiorite treatment may be the 
best choice because of its simple handling 
requirements. If concentrated or small volu-
mes are to be treated, techniques should 
be chosen which yield a minimum of waste 
even if performance and maintenance is more 
complex. 

3.2.3 Neutralisation and 
Precipitation 

This step is the principal operation that con-
verts dissolved metals to insoluble hydroxides 
and thus allows them to be removed from 
effluents. Neutralisation must in general be 
preceded by effective flow equalisation proce-
dures to allow the system to operate effec-
tively. 

<<Neutralization>> of metal finishing waste 
waters is to be understood more as a tradi-
tional term than as a real neutralisation: it 
does not mean the adjustment to a pH of 7.0, 
but a precipitation of the metal hydroxides 
from alkaline media (see Fig. 19 for best ran-
ges). In earlier times the elimination of metal 
hydroxides during neutralisation of the waste 
water was seen as a secondary effect of neu-
tralisation, but since metal discharges are now 
recognized as serious ecological risk, the preci-
pitation subsequently became as important as 
neutralisation itself. 

As precipitation agents, sodium hydroxide, 
lime, and soda are generally used. Magnesium 
hydroxide is also sometimes used as it produ-
ces a better sludge. However the reaction is 
slower and pH range is limited. Alkaline 
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wastewaters are neutralized by technical sul-
phuric acid, subject to discharge limits for sul-
phates not being exceeded. Smaller facilities 
are advised to use sodium hydroxide splution 
(450 gIl), unless wastewaters contain fluor-
ides. In larger factories, and in the presence of 
fluorides, lime solution treatment should be 
used - it is cheaper than applying NaOH 
and also removes the fluoride. On the other 
hand this treatment requires the installation 
of a lime milk preparation plant. 

discharged quantities are large or the receiv-
ing waters are sensitive to alkaline effluents. 

Neutralisation itself is rapid. The process 
should be carried out in two stages. In the first 
(or <<pre-reaction >>) tank either acid or alkali 
is added with vigorous agitation to a preset 
pH point controlled by pH electrodes. The 
retention time in this first tank is approxi-
mately to minutes. In the second stage final 
pH adjustment occurs. More acid (or alkali) is 

'-••UUUUU•U••••J2 ENNENNEENEEMIrgy 

Precipitation range with NaOH 
Augmented precipitation using lime or soda 
Common pH requirement for discharge to waters 

Figure 19 : For the precipitation of solid metal hydroxides the waste water has to be adjusted to specific 
pH ranges. (Figure taken from (6) 

The correct pH for the precipitation of the 
metal hydroxides varies with the metal ions 
under consideration. In Fig. 59 pH ranges are 
given for the precipitation of several metal 
hydroxides. For most cases, the pH will be 
within a range of 8.5 to ii. Unnecessarily 
high pH may interfere with the formation of a 
good settlable sludge, and accordingly a pH 
only slightly above minimum is recom-
mended. For mixed metals in-situ tests should 
be carried out to determine the best pH. For 
discharge of the final effluent precise require-
ments may differ from one regulatory author-
ity to another. Further adjustment of the pH 
to near 7  may be necessary before discharge if 

added, still with vigorous agitation, and the 
pH is controlled to the optimum set-point for 
minimum solubility of the various metals pre-
sent in the waste stream. Retention time in the 
second stage is so minutes as well. If alkalis 
other than sodium hydroxide are used, longer 
reaction times are necessary. A common con-
figuration for effluent treatment involving 
neutralisation is shown in Fig. 22. 

In special cases, for example if the metal ions 
are complexed by EDTA or NTA and a preci-
pitation under the conditions mentioned 
above is not possible, there are more effective 
processes like suiphide precipitation, high pH 
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Figure 20 : Common Configuration for Effluent Treatment involving Neutralisation 
(Figure from W. Regan, Australia - private communication) 

precipitation, solvent extraction, or starch 
xanthate extraction. 

3.2.4 Sedimentation and 
Clarification 

Following the precipitation stage, solids 
removal is normally achieved in gravity settle-
ment systems such as is illustrated in Fig. 21. 

These are normally used as continuous flow 
devices, but where the waste volume is small a 
batch system may be used. Batch systems usu-
ally use two settlement tanks, one being filled 
while the other is emptying. 

Solids removal is an important step in the tre-
atment process since precipitated metals may 
under some circumstances re-dissolve if disch-
arged to the aquatic environment. 

Settlement effectiveness is affected by factors 
such as the size and density of particles, and 
the velocity of flow (in a continuous flow 
system). The presence of some chemicals may 
result in poor settlement due to the formation 
of a colloidal suspension that resists the coag-
ulation into larger particles that fall out 
readily. 

Ferrous and chromium hydroxide readily 
form colloidal suspensions. Chemicals such as 
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pyrophosphate, carbonates, organic brighten-
ing and wetting agents tend to promote such 
colloid formation. Conversely, ferric chloride 
and aluminium sulphate may aid settlement 
and their precipitation as hydroxides neu-
tralises the electrical charge of colloidal parti-
cles and provides an opportunity for co-preci-
pitation. Sedimentation may also be assisted 
by the use of flocculating agents such as long 
chain polyelectrolytes that entrap small parti-
cles and neutralise electrical charges. The use 
of lime as neutralising agent may also be effec-
tive in aiding sedimentation. 

Some common types of sedimentation basins 
are shown in Fig. 2 i. The vertical flow basin 
has the advantage that it can be constructed 
of steel and mounted above ground, thus tak-
ing up a minimum of ground space. The con-
ical bottom allows easy removal of settled 
solids. Settled solids will usually require fur-
ther dewatering before disposal. Dewatering 
may be accomplished by further settlement, 
drying beds, filter or centrifuge. 

The critical design parameter for sedimen-
tation basins is << surface loading >>, defined as 
flow rate divided by surface area of the basin 
(units are metres per hour). 

In horizontal flow basins the velocity along 
the tank may exceed the settlement velocity 
provided that the tank is long enough. In the 
case of vertical flow basins however the upflow 
velocity must be less than the settling velocity, 
otherwise sedimentation will not occur. 

Detention time in basins is normally recom-
mended to be 4  hours or more. If space is a 
problem a device known as a << lamellar>> or 
<<inclined tube >> separator may be used. This 
is illustrated in Fig. 21 (b). The principle of 
the design is that particles only have a very 
small distance to settle between a series of 
parallel plates or tubes. Tha angle of the pla- 

tes or tubes allows the accumulated solids to 
move down the slope to a sludge removal 
point. Detention time may be reduced to i to 
2 hours. 

Dissolved air flotation is another method of 
solids removal that may be more effective with 
solids of low density. Fine air bubbles are 
introduced to the liquid by various methods, 
for example by dissolving air in water under 
pressure followed by pressure release. Solids 
are carried to the surface by air bubbles that 
expand as they rise and are removed by a sur-
face skimming device. Detention time may be 
of the order of 20 to 30 minutes. 

A conical vertical-flow designed basin allows 
easier collection of sludge than a horizontal-
flow basin. Conical or square vertical flow 
basins are rather easily upset by changes in 
loading, and in some regions there is increas-
ing use of lamellar flow units. These in turn 
are however relatively sensitive to overload-
ing, so good process control is still required. In 
all sedimentation basins it is vital that the 
inlet and outlet zones be designed to ensure 
smooth and gentle flow. 

Where very high standards of solids removal 
are required some form of filtration may need 
to follow sedimentation. 

Vacuum or pressure filters can be used, 
although these are expensive and suitable only 
for large production plants. More suitable to 
the small operation is the use of low-cost sand 
or multi-media filters. The latter are similar in 
construction to a sand filter but use media of 
different sizes and densities such as gravel, 
silica, or anthracite together in a mixture. As 
it blocks up, back-washing of the filter is 
required, with the back-wash water being 
returned to the sedimentation basin. These fil-
ters are used in addition to sedimentation 
basins; they are not substitutes. 
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Figure 21 (a) Shapes of some sedimentation basins (From (14) 
21 (b) Lamellar Flow Separator (From W. Regan) 

3.2.5 Sludge Dewatering 	 places the disposal of liquid sludge is pow 

In order to facilitate the disposal of secli- 	severely restricted). A number of techniques 

mented material, it is advantageous to dewa- 	are available for such dewtering. 

ter the sludge to a more solid form (in many 	Prior to dewatering sludge thickening is 
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becoming an increasingly common step. A 
typical sludge thickener is a cone-bottomed 
cylindrical tank in which further compaction 
of sludge occurs under the influence of grav-
ity, prior to it being withdr4wn. 

If chemical fixation with cement or silica is 
carried out to ensure that the sludge remains 
stable in subsequent landfill, then this is best 
achieved with thickened sludge. 

Ambient Air Drying, Natural 
Evaporation 

The simplest, but still a very effective, sludge 
dewatering method, mentioned already in 
Section 3.2.4 is the technique used normally 
by small finishing factories, particularly in 
warmer countries. 

If sufficient ground near the sedimentation 
pond is available, a suitable drainage basin is 
constructed and used for drying the sludge by 
natural evaporation. Construction of the 
basin must however be controlled by the 
authorities since the environment can be 
severely impacted otherwise. Precautions need 
to be taken against wind or rainfall dispersing 
the material, and to prevent access by wildlife 
and unauthorized persons. From time to time 
the solid earthy-looking sludge has to be trans-
ported to a deposition site suitable for indus-
trial wastes. The need for better control over 
the dewatering process has led most establish-
ments to adopt more mechanized processes. 

Filterpress, Filterbelts 

Filterpressing reduces the volume of the 
sedimented sludge 15  times or more and yields 
about 30-35% solids content in the cake. The 
water pressed out of the filter by hydraulic 
forces is returned to the sedimentation pond. 

The filter cake is peeled off the filter material 
and stored for transportation. Filter presses 
are relatively inexpensive and simple to oper-
ate, and do not require extensive mainten-
ance. 

Beitfilters in which the sludge is dewatered 
by progressively higher pressures on a moving 
belt are also in common use. 

Other Dewatering Methods 

Several other dewatering techniques are occa-
sionally used. 

In vacuum filtration a horizontal drum rota-
tes partly submerged in a vat filled with 
sludge. The surface of the drum is covered by 
the filter medium connected to a vacuum 
pump. The dewatered filter cake is lifted from 
the drum surface as it rotates. Investment and 
operating costs are higher than those of filter-
presses. 

Basket centrifuges are also sometimes used for 
compressable slurries that settle well. The col-
lected effluent is returned to the sedimen-
tation pond. This technique is not recom-
mended for sludge dewatering in general 
because the costs are relatively high. 

Following sludge dewatering, some companies 
practice sludge drying, utilizing various types 
of equipment. This process further dries 
sludge filter cake from approximately 35% 
solids content up to a virtually dry material. 
The volume reduction to be expected is in 
order of 4  to i. Where sludge disposal costs are 
based on volume, the savings can be substan-
tial. 

3.2.6 Treating Oily Waters 

Oil and grease are common pollutants in the 
metal finishing industry. Oil has a high bio- 
chemical oxygen demand (BOD) of 1000 to 
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2000 mg per gramme of oil. BOD is a measure 
of the amount of oxygen consumed while the 
pollutant is being degraded in the aqueous 
environment: the higher the BOD, the more 
polluting is the material. 

Wastewater with low quantities of free oil (less 
than 5  mg/i) is best treated using some form of 
filtration. Activated carbon, sand or kiesel-
guhr are suitable filter media. Fine coalescer 
units or combined coalescer/filter units are 
also on the market. With any of these pro-
cesses the oil content of the treated water can 
be lowered to less than i mg/l. Thus this 
method is suitable also for final stages in the 
treatment of oily waters. Ultrafiltration may 
also be applicable. 

For larger concentrations of free oil, gravity 
separators are used. Water-oil emulsions must 
be broken before separation by gravity is pos-
sible. Oil separators are dimensioned on the 
basis of surface load and retention time. Com-
pressed air blown into the incoming wastewa-
ter line improves the cleaning effect by lifting 
the oil to the surface in the separation basin. 
Some designs also work effectively without air, 
thus reducing considerably the energy corn-
sumption of the treatment. 

Emulsion-splitting is normally carried out by 
adding salts (sodium-, calcium-, magnesium-, 
aluminium- or iron-salts) or acids. After emul-
sion splitting and sludge separation, the water 
usually contains between i and 50 mg/l of oil 
depending on the type of emulsion, the chemi-
cal additive etc., and should undergo a bio-
logical cleaning stage, or be filtered through 
an absorption agent. 

Ultracentrifugation has only recently been 
introduced for treating oily industrial waste 
waters. Ultracentrifugation requires a rela-
tively high level of investment, and skill for 

operation and maintenance. Final results of 
about i mg/l oil in water can be obtained. 

Absorption agents are on the market for treat-
ing water containing emulsified oil. They can 
be directly mixed with the wastewater to con-
vert the oil to an easily removable solid phase. 
Silicic acid is frequently the active ingredient. 
Results are comparable to chemical emulsion 
splitting, however the treatment time is much 
shorter: only some 20 minutes. The technique 
requires little equipment but the price of the 
material required is relatively high, so that the 
treatment of large volumes of wastewater is 
uneconomical. Disposal of the resulting solids 
needs to be carefully controlled, and should 
occur only at preselected sites, perhaps after 
further stabilization and solidification of the 
solid phase. 

3.3 CONTROL OF AIR EMISSION 

A number of surface treatment operations 
generate acid mists, particulates and solvent 
fumes. These pollutants may be toxic to 
workers, as well as to the surrounding 
environment. 

The control of air emissions can be 
approached in several different ways: 

- substitution of less hazardous materials; 

- removal of the pollutants from the col-
lected air stream; 

- dispersion of the pollutants to accept-
able low concentrations. 

Clearly the first alternative is the most prefer-
red. Solvent substitution is a good example of 
this. 

Exhaust hoods and good ventilation can 
reduce the level of air pollutants in the work-
place. Open-tank operations from which mist, 
spray or volatile gases can escape are particu- 
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larly in need of such equipment. Every effort 
should be made to design hoods which enclose 
as much of the tank surface as possible. This 
will result in better ventilation using smaller 
ducts and fans, and lower power consump-
tion. 

It is necessary to consider the point at which 
such vented gases are discharged outside to 
ensure that no deleterious effects occur there. 
In many circumstances it will be necessary to 
treat the off-gases to remove the pollutants 
prior to discharge. 

Particulate pollutants from mechanical sur-
face preparation can be removed by cyclones, 
or by filters (fabric or bag). Cyclones have low 
capital and operating costs. Fabric filters are 
more expensive, but need to be considered for 
high efficiency filtration in low volume, low 
humidity gas streams. Mist eliminators should 
be fitted over acid cleaning baths and electro-
plating baths. Fume scrubbers are used on 
pickling, etching, bright dipping, plating, 
anodizing and phosphating lines. They are 
designed to handle high temperature and cor-
rosive gas streams with high efficiency. Both 
capital and operating costs are relatively high. 
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4. RESIDUE DISPOSAL 

As has been discussed already in Chapters 2 

and 3,  on account of their chemical composi-
tion, most residues from metal finishing pro-
cesses should be considered potentially dan-
gerous to health and the environment. 

Residues generated in the metal finishing 
industry include: 

- process waters of different kinds; 

- spent process solutions and electrolytes; 

- surplus chemicals; 

- rubbish, packing materials etc.; 

- sludges of different consistencies; 
- filter cakes; 

- debris and soil on abandoned sites. 

Process Waters, Spent Solutions 

Chapter 3 already considered the mimmiza-
tion and treatment of pollutants. In Chapter 6 
are presented examples of quality objectives, 
control guidelines and legally imposed restric-
tions that are applied to effluent release in 
some countries. 

Surplus Chemicals 

Recycling, recovery of chemicals, or return to 
the supplier is the preferred option. Surplus 
chemicals should not normally be disposed of 
by discarding them into general waste bins or 
<<washing them down the drain unless this 
specifically permitted by the authorities for 
the chemicals in question. The precise condi-
tions and/or degree of dilution required will 
be specified in each case. If off-site disposal 
becomes necessary, the staff at the appropriate 
waste disposal authorities can be consulted. In 
the final instance the operator of licenced haz-
ardous waste disposal facilities could be con-
tacted for advice and help. It is strongly rec-
ommended to call on the chemical supplier for 

assistance if the shop personnel do not have 
sufficient information, disposal equipment or 
containers available. 

Rubbish, Packing Materials etc 

Virtually anything in a metal finishing shop 
can become contaminated with toxic chem-
icals. Good management will ensure that mat-
erials, tools, and equipment will only be in 
those working areas where they are actually 
needed to run the operation. Duplicate sets of 
tools, equipment, shoes and working clothes 
for different places within the plant may later 
save costs for de-contamination. 

All materials that are contaminated with 
chemicals can be considered to be toxic waste 
and have to be treated accordingly. This is 
true for clothes, waste paper, empty contain-
ers, as much as for defunct equipment. Separ-
ate waste bins for different kinds of waste 
should be placed on the shop floor and label-
led clearly. If empty chemical containers are 
used as waste bins, all previous markings 
should be obliterated, painted over or remo-
ved to avoid confusion among shop floor per-
sonnel and at the waste disposal site. All 
chemical residues need to be cleaned from 
such bins prior to their use for rubbish. 

Containers in which chemicals were delivered 
or stored should never be used for other 
purposes until declared safe by trained person-
nel. All markings and labels must be removed. 
They should not be discarded with normal 
rubbish until they have been expertly cleaned. 

Sludges and Filter Cakes 

Disposal of sludges is now among the major 
environmental problems associated with the 
metal finishing industry. 
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Recognizing the need for environmentally 
safe disposal, many countries have enacted 
legal provisions for hazardous waste manage-
ment that include metal finishing sludges. 
These provisions call for the analysis and iden-
tification of the wastes for the establishment of 
standards for generators and transporters of 
such waste, and permits for operators of waste 
disposal facilities. Treatment sludges contain-
ing heavy metals will often be regarded as 
hazardous until further treated by stabiliza-
tion or cementation. 

The disposal of sludges should always be car-
ried out so that environmental contamination 
from such sludge or from leachate is avoided. 
This will invariably require disposal at a suit-
ably sited, and managed, landfill site where 
precautions are taken to avoid remobilization 
of toxic substances in the sludge. Pretreat-
ment and chemical stabilization of the sludge 
by the generator himself will also effectively 
reduce the risk of remobilization. 

Many industrialized countries now require 
the use of special landfills for disposal of poten-
tially harmful sludges. Such landfills are sited 
and designed to preclude the risk that toxic 
chemicals will leach into surrounding soil and 
into the groundwater. Relatively few landfill 
sites in each country are specifically licenced 
to accept hazardous waste. With only a 
limited number of sites accepting such waste 
relatively long distances for hauling may be 
necessary. 

Designs for special landfills usually take 
advantage of natural geological barriers cre-
ated by impermeable clays. Some sites add a 
flexible synthetic liner at the bottom as further 
protection against leaching of pollutants. A 
system of pipes for leachate collection may be 
buried in the bottom layer of the landfill. 
Leachate is recovered, and treated as neces- 

sary. Monitoring stations are placed around 
the perimeter of the landill for early detection 
of leachates escaping the landfill from a (hope-
fully unlikely) failure of the above system of 
safeguards. 

To what extent such disposal sites will indeed 
stand the test over long periods of time 
remains to be seen. Accordingly, many 
authorities consider it prudent to also ensure 
that the wastes themselves are as inert as pos-
sible before they are disposed of. Thus toxic 
sludges from the metal finishing industry may 
have to be stabilized by chemical fixation or 
cementation so as to avoid leaching of metals. 
Several commercial processes are available for 
this purpose. Accelerated leaching tests (eg 
US Environmental Protection Test Proce-
dures, US Federal Register 45  (98) : 33122, 

May 19, 1980) have been developed to indi-
cate how the stabilized solids will stand up 
under actual landfill conditions. 

Landfill disposal of wet or liquid sludges is 
now generally considered undesirable as this 
may allow soluble toxic components to escape 
more readily. 

The waste generator has several means of low-
ering his costs for waste hauling and disposal. 
He can reduce the volume of residue and 
wastewater that must be treated. The solids 
can be concentrated with dewatering equip-
ment to reduce the volume of water contained 
in the sludge. Minimizing wastes, implement-
ing recycle and recovery modifications where 
possible, and using processes and reagents 
that generate less sludge can significantly 
reduce the amount of sludge requiring dis-
posal. 

The high price of sludge disposal may justify 
the purchase of dewatering equipment. Since 
the properties of sludges vary widely, some 

42 



RESIDUE DISPOSAL 

form of pilot testing is recommended before 
equipment is purchased. This supposes that 
the subsequent sludge generation will be rela-
tively uniform. If this is not likely to be the 
case equipment should be chosen which can 
realistically cope with a wide range of 
demands. 

Abandoned Sites 

It has already been pointed out that metal fin-
ishing operations can under some circum-
stances lead to severe contamination of soils 
underneath the plant. The depth and severity  

of such contamination depends upon the 
chemicals used, the quantities spilled, the 
period of time over which chemicals leaked 
into the soil, and the geological make-up of 
the site. It is not uncommon for chemicals 
used in metal finishing shops, including sol-
vents, to have penetrated several metres into 
the soil. Many of these chemicals resist 
environmental degradation. Severe problems 
and high costs may be incurred if contarni-
nated sites abandoned by metal finishing 
operators are to be re-used for other purposes, 
in particular if residential buildings are to be 
constructed. 
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5. PREVENTIVE MEASURES FOR POLLUTION 

AVOIDANCE 

Previous chapters have examined the techni-
cal options for reducing environmental 
impact. Much also depends on the taking of 
preventive operational and management 

measures so as to avoid problems in the first 
instance, and perhaps arrange the situation in 
the plant so that any necessary corrective 
action is readily taken. 

5.1 REPLACEMENT OF HAZARDOUS CHEMICALS BY LESS TOXIC 
SUBSTANCES 

In most cases, the metal finisher is not suffi-
ciently experienced himself to search for and 
select among alternative chemicals. He will 
depend upon the dealer of chemicals and ulti-
mately upon the manufacturer for help. 
Advice may also be available from relevant 
industry and professional associations. It is 
however advisable to also consult the relevant 
government authorities about the safety of the 
potential replacement products. As indicated 
earlier, in all cases the Material Safety Data 
Sheet or equivalent information should be 
consulted. Annex E shows an example of a 
typical Material Safety Data Sheet. Some 
safety information about product alternatives 
is also available from handbooks on hazard-
ous materials (see Annex A), and from special-
ist international organizations (Annex D). 

Opportunities for reducing or replacing pro-
cess chemicals are shown below. 

Cyanide 

The greatest success so far in the reduction of 
cyanide has been in zinc plating. Because the 
higher concentrations of baths used tradi-
tionally also helped in the cleaning process, 
there has been some reluctance to go to 
weaker solutions. Nevertheless there is now 
some acceptance of lower strength cyanide 
formulations, which can reduce concentra-
tions by up to 90%. 

Some of the alternatives to cyanide in zinc 
plating are: 

- sulphate acid baths where surface 
appearance is not critical; 

- bright chloride zinc baths. These can 
have excellent performance characteris-
tics. The need to use corrosion-proof 
equipment makes them particularly 
appropriate for new installations, how-
ever conversion of existing equipment 
has also been widespread in some 
regions; 

- chelated zinc baths were among the first 
alternative processes to be introduced to 
the market. They have the problem that 
removal of zinc from the effluent is diffi-
cult; 

- high alkaline zinc baths, not chelated, 
are now finding increased acceptance. 
As for some other alternatives, cleaning 
systems must often be upgraded as they 
contain no cyanide. The removal of zinc 
from effluents requires only a reduction 
of the pH to precipitate the metal as 
hydroxide. Increased workplace haz-
ards from such baths need to be 
attended to through appropriate choice 
of equipment, and safety training of per-
sonnel. 
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Cyanide-free processes for other metals 
include: 

pyrophosphate copper as a substitute 
for cyanide copper. Good pH control is 
required to precipitate the copper from 
the effluent. When mixed with other 
metals, there may be a reduction in 
reaction efficiency; 

- a cyanide-free cadmium bath is on the 
market but has not received a great deal 
of acceptance. 

With the cleaners that are now available, 
there is no need to use cyanide in any cleaning 
operation. Similarly, there are substitutes for 
cyanide-containing stripping compounds. 
The materials suppliers should be consulted 
for a list of products available. 

In plants where cyanide is only used occasion-
ally, it could be eliminated completely by sub-
contracting when necessary. 

Cadmium 
The high toxicity of cadmium in the work-
place, and the contribution to its environmen-
tal dispersion from plated products, makes 
cadmium substitution a high priority with 
many authorities. Some countries have ban-
ned cadmium from non-essential uses, and 
discharge limits are often stringent (see Table 

4). 
The development of highly corrosion-resistant 
zinc plating has virtually eliminated the 
necessity to use cadmium except for special 
applications. For some uses aluminium coat-
ings can also be employed. 

Chromium 

As a substitute for hexavalent chromium, the 
less toxic trivalent chromium should prefer- 

ably be used in making up baths. Trivalent 
chromium also rinses more freely and permits 
simpler waste treatment facilities. There is a 
slight difference In the colour of the plated 
metal compared to that plated from hexav-
alent chromium systems. Acceptance of this 
variation among customers should be pro-
moted by industry itself. 

Cleaners 

Non-biodegradable cleaners are difficult to 
remove in biological treatment systems. Most 
suppliers have voluntarily eliminated such 
compounds from their formulations, and 
many have also reduced or eliminated pho-
sphates as well, although it may not be legally 
required as yet. Phosphates cause excessive 
nutrient enrichment in slow moving water. 

5.2 RECOVERY OF CHEMICALS 

Recovery of process solutions provides a 
simple and economical way of avoiding the 
discharge of contaminants to the environ-
ment. Aspects of plant design and layout 
which assist in the recovery of process solution 
were discussed in Chapter 3. Recovery of pro-
cess solutions has been standard practice for a 
long time by much of the metal finishing indu-
stry. 

To fully exploit the recovery possibilities, it is 
advisable to always keep the bath solutions in 
as clean a state as possible. Accordingly it is 
useful to either reduce the entry of impurities 
into the baths, or to undertake more frequent 
purification procedures on the bath. Regular 
analyses and maintenance of process solutions 
is an essential part of such a programme. 
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The following practices can be used to reduce 
the impurities entering baths: 

- improve the condition of plating racks 
by passing them through a cleaner and 
a chrome stripping process between 
rack cycles. This is the greatest source of 
chromium contamination in copper sol-
utions, alkaline cleaning solutions and 
acid pickles; 

- keep barrel holes clear to permit max-
imum drainage; 

- improve the cleaning cycle before pro-
cess baths; 

- improve rinsing between process tanks; 

- allow as much drainage time as feasible 
over the process tank from which the 
workpiece has been withdrawn; 

- allow as much retention time as possible 
in the rinses before each process tank; 

- design racks to prevent work pieces 
from falling into process tanks. 

While these procedures may initially involve 
capital or increased operating cost, there are 
economic advantages that flow from the sub-
sequent recovery of chemicals. The metal fin-
isher should examine his consumption of 
chemicals to identify the potential for reco-
very. 

Recovery may also be profitable from sol-
utions or solids normally discarded. For exam-
pie a considerable amount of solution is often 
left in the treatment tanks used to purify baths 

and in filters when they are being cleaned. 
Significant quantities of solution can be lost if 
these are discarded. 

Recovery of chemicals in dragout was touched 
on in Section 3.1.2. Work pieces should be 
allowed to drain directly back into the bath. 
Alternativaly, recovery tanks can be used 
immediately after the process. This procedure 
is most successful where the contents of these 
tanks are used to make up for evaporative 
losses. Some recovery is possible on cold tanks 
if dragin can be reduced sufficiently. In 
extreme cases of dragout, two recovery tanks 
may be used, with the first making up the pro-
cess solution losses and the second making up 
the first recovery tank. 

Consideration should also be given to fog 
spraying of parts while they are suspended 
over the plating bath; this is a very effective 
way of carrying dragout directly back to the 
bath. The quantity of water used in the spray 
can be controlled to approximately equal the 
evaporation rate. This method is used, for 
example, to keep copper cyanide levels in 
effluent below 2 mg/i. 

Good recovery techniques can lead to a build-
up of carbonates in copper cyanide solutions 
(where these are still used). This can be 
limited by using de-ionized water for bath 
make-up, and in fog sprays. Failing this, freez-
ing out of carbonates in cyanide baths is a pos-
sibility (see for example Section 3.1.3). They 
may be precipated from potassium cyanide 
baths. 

5.3 GOOD HOUSEKEEPING AND WORKPLACE SAFETY 

Untidy, cluttered and chaotic working condi-
tions constitute a safety hazard to personnel, 
and increase the number of unplanned disch-
arges to the environment. Such conditions 

also make it difficult to introduce many of the 
cost-saving measures described earlier. 
Good housekeeping is a matter of attitude - 
essentially the attitude of management, and 
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the degree to which this is transmitted to the 
shop floor. 

Materials losses can often be identified by sim-
ply observing chemical and water consump-
tion. Spills can be reduced through careful 
handling and transfer of materials. Energy 
consumption can be reduced by switching off 
appliances not in constant use. General clean-
ing and maintenance of equipment improves 
its performance and prolongs its service life. 
Proper receptacles for wastes ensures that con-
tamination of the surroundings of the plant is 
reduced. All of these matters depend on the 
willing good performance by shop floor per-
sonnel, and conscientious supervision by man-
agement. 

The protection of workers, like the protection 
of the physical environment, relies largely on 
appropriate precautionary measures, aided by 
suitable organisational procedures. Such a 
combination of measures contributes to reduc-
ing exposure to chemical hazards, physical 
dangers from machinery and handling, and 
thermal, acoustic and vibrational stress. It 
should be stressed that the same conditions 
leading to workplace hazards often have an 

impact on the environment and people sur-
rounding the industry as well. Specialist bed-
ies concerned with workplace hazard reduc-
tion should also pay attention to the external 
iss,es so as to support the initiatives of the 
environmental agencies. 

Well planned organization to maintain safety 
and health in the workplace is the basis of pre-
vention of occupational illnesses. Some essen-
tial aspects of such organisation are: 

- management accepting its lead role in 
providing safe working conditions and 
procedures; 

- participation by the workforce in ensur-
ing safety at work; 

- clear allocation of responsibilities for 
safety and health services; 

- safety training and instruction, on 
induction and on-going; 

- reporting, investigation and analysis of 
accidents and working conditions; 

- dissemination of information on hazards 
and risks; 

- co-operation with labour and safety 
inspections and reviews. 

5-4 DESIGN OF BUILDING AND EQUIPMENT 

Design of Floors 

The metal finishing industry brings together 
in a relatively small space a variety of corro-
sive and potentially contaminating materials. 

To enable effective housekeeping, manage. 
ment must first turn its attention to the floor. 
Without floors that are properly designed and 
protected, many of the other recommenda-
tions will be more difficult, and perhaps 
impossible, to implement. 

Finished new concrete floors should be 
covered with a corrosion-resistant material of 
brick or tile, with a resinous monolithic coat-
ing. The materials used should be easy to 
repair. In view of the brittle nature of bricks 
or tiles, it is adventageous to have a corrosion 
and leak-proof layer over the concrete itself, 
also. 

Where changes to equipment permit an 
opportunity for re-layout, the floor should be 
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re-constructed with regard to the following: 

- the specific chemicals to be used, suscep-
tibility of concrete to chemical corrosion 
(consult the floor installer and hand-
books or competent authorities before 
making decisions); 

- type of traffic; 

- thermal shock expected; 

- mechanical shock expected; and 

- capability for containing an accidental 
spill. 

The base floor must be able to withstand the 
weight of tanks and equipment without move-
ment or cracking. Cracking will permit 
penetration of chemicals through corrosion 
resistant materials applied over the floor. 

Old floors must be thoroughly cleaned with 
detergent and all broken and uneven areas 
carefully repaired to a smooth surface. 

New floors should be of reinforced concrete of 
high strength (in excess of 3000 psi) and 
homogeneous. Loadings of storage tanks on 
stands may be considerably higher than this, 
requiring a proportionally greater degree of 
strength in the floor. Sulphate resistance is 
also a useful attribute. Substantial curing 
should be allowed before corrosion proofing is 
applied. This may need to be as long as 30 

days if the best bond between concrete and 
the proofing layer is desired. The concrete 
suppliers' advice should be sought on this 
point. 

Expansion joints according to standard prac-
tice are satisfactory, but need to pay regard to 
process considerations as well as construction 
convenience. Pump foundations and other 
vibrating equipment should be isolated, along 
with structural columns. Joint sealing 
methods need to be carefully chosen. 

The concrete surface should be finished in 
accordance with the recommendations of the 
supplier and/or installer of the corrosion resist-
ant material used. 

For drains, the use of plastic is preferred over 
glazed earthenware. Adequate fall should be 
designed for drains to facilitate rapid drai-
nage. The same may apply to floors likely to 
be subject to spills or frequent washing. The 
joint between plastic gulley surround and the 
concrete needs to be constructed with particu-
lar care. Under conditions of extreme climatic 
variation, or if solvents or hot solutions are 
likely to be encountered special high perform-
ance plastics should be used. In all situations 
buried joints in pipes should be fused or sol-
vent welded. 

Curbing 

To ensure that the chemicals reaching the 
floor are confined or directed to the proper 
drain, curbing should be installed around 
each tank or piece of equipment. This curbing 
is most effective when it is installed with the 
flooring, since joints can then be eliminated. A 
common curbing can be used to collect any 
losses from a group of tanks used for the same 
treatment procedure. Curbing can also be 
installed in existing flooring, with proper 
attention to the sealing ofjoints. 

Curbing should be sufficient to contain the 
contents of a ruptured tank, and preferably 
more than this. This allows the tank to be 
repaired and the spilt solution pumped back 
into the tank after repair. As a rule treatment 
systems for wastewater are unable to deal with 
the shock load from spills. The design of the 
drainage system must therefore be such as to 
contain spills rather than let them drain away. 
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Protection of Equipment 

Adequate protection must be given to equip-
ment to ensure a reasonable operating life and 
to prevent accidental losses of hazardous 
chemicals. Every tank containing chemicals 
should be protected against corrosion. Time 
and money properly spent at the time when 
tanks are installed will always be repaid and, 
in the end, provide the easiest and least expen-
sive protection against losses. 

New installations today often use tanks made 
from non-corroding materials. Protection is 
usually provided by the supplier for the inside 
if the tanks are to carry corrosive materials. It 
is less common however to provide equivalent 
protection for the outside. Rinse tanks imme-
diately adjacent to tanks containing corrosive 
chemicals should nevertheless be protected on 
the outside as well as on the inside. Coating 
the outside and bottom of tanks with half the 
coating thickness used on the inside and the 
flanges will usually give sufficient protection. 

In addition, protection should be provided to 
the surfaces of hoists and other mechanisms, 
structural steel, utility connections and steel 
piping. 

Hidden corrosion of lined tanks is always a 
matter of concern. Tanks should be inspected 
frequently for breaks in the lining, whether 
fully coated outside or not. A break in the lin-
ing of a tank coated inside and outside may 
lead to a sizeable but hidden corrosion of the 
steel tank. Eventually the lining may be all 
that is then holding the solution. Steady leaks 

from pin holes can result in considerable loss 
of solution over time. Periodic spark testing or 
checking for electrical continuity between 
tank core and contents of critical tanks is a 
standard procedure with many metal finishers 
and is part of a wise maintenance programme, 
whether tanks have outside linings or not. The 
test equipment can usually be borrowed or 
rented. 

Where it is too expensive or not convenient to 
purchase tanks which are lined on the outside, 
coatings may be applied which are similiar to 
the monolithic resins used on the floors and 
which may be applied by brush or spray. 
They are nearly competitive in cost to most of 
the epoxy and vinyl paint systems and have 
superior shock and heat resistant, lower coeffi-
cient of expansion, and are more resistent to 
corrosion running out underneath. 

No paints have been found which are truly 
satisfactory exept as temporary protection. 
They are helpful in the short run and if re-
applied annually will provide modest protec-
tion. This re-application is, of course, difficult 
in some cases, such as on the bottom of tanks. 

In many instances, corrosion resistance is 
automatically provided when materials other 
than steel are chosen as the basic material of 
construction for the tank. Some of these mat-
erials might be: 

- plastic, e.g. polypropylene or polyethy-
lene; 

- glass fibre reinforced plastic; and 

- stainless steel. 

5.5 MANAGEMENT OF SPILLS AND LEAKS 

In addition to the running rinses that carry 
many of the pollutants to the effluent stream, 
large quantities are often lost to the environ-
ment through accidents and deliberate 

dumps. In some instances, these two sources 
may account for as much as 8o% of the heavy 
metal load to the environment. The shock 
effect of high concentrations of pollutants may 
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be far more drastic on sewage treatment 
plants and receiving waters than the same 
quantity discharged over a long period. 

The following possible sources of accidental 
losses should be subject to stringent control 
and prevention measures: 

- tank leaks; 
- solutions remaining in filters, and in the 

bottoms of process tanks; 
- equipment leaks, i.e. filters, pumps, heat 

exchangers, and their hoses and connec-
tions; 

- overflows; 
- accidental opening or rupture of a 

valve; and, 
- spilling of chemicals in handling or in 

storage, or between process tanks. 

Deliberate unauthorized release of solutions 
should never be permitted. It is usually illegal, 
and in any case quite irresponsible. 

Tank Leaks 

Unprotected steel tanks should be shielded 
against stray currents with materials such as 
PVC. In barrel plating, when the tank is 
cathodic, insulation should be provided 
against arcing, which may occur between the 
anodes and the side of the tank. 

In processes where there may be a buildup of 
chloride that is not itself deleterious to the 
process, there could nevertheless be acceler-
ated corrosion of an unprotected tank. If 
improved rinsing does not correct the prob-
lem, it will be necessary to line the tank. 

Residual Solutions 

These should generally be re-used, or if this is 
not possible, processed in the effluent treat-
ment plant. 

Equipment Leaks 

There is probably more loss of chemicals from 
equipment leaks than any other. The causes 
include carelessness, insufficient maintenance, 
or simple tolerance of a continuing condition. 
Filter hoses, heat exchanger connections, 
heating coils, pump hoses and connections are 
all prone to degenerate and permit leakage. 
Losses of 2.5 to 5  cm per day of solution from 
process tanks through any of these routes may 
be blamed on evaporation or dragout and go 
on for months. It is good economics to keep 
equipment in good condition. 

Because filters probably cause the most 
trouble, curbing the area around the filter will 
allow leakage to be identified, and provide an 
opportunity for recovery. Some companies 
place the filter over a solution treatment tank 
so that all losses are recovered. 

Heat exchangers and heating coils deteriorate 
slowly, and develop pinpoint breaks or cracks. 
When steam condenses, a vacuum is created 
and solution is drawn into the condensate. 
Since many metal finishers return the conden-
sate to the boiler to save water and energy, 
there is the likelihood of corrosion damage to 
the boiler as well as solution loss. 

An alarm system should be installed on the 
boiler condensate return line. Periodic exam-
ination of the waters should be carried out. 

A similar problem may occur with cooling 
water, except that it is possible that both over-
flow of the bath and loss of chemicals to the 
cooling stream may take place. Where cooling 
water is used subsequently for rinsing 
(although this is not recommended as the flow 
need are mismatched and one or the other 
process is therefore not optimum), it is likely 
the break will be identified quickly. 
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Overflows 

Although completely avoidable, almost every 
shop experiences such events. Overflows usu-
ally occur during the (<topping up> proce-
dure and are the result of lack of attention. 

The following steps minimize the possiblity of 
overflows: 

- fit all hoses for adding water with spring 
loaded nozzles; 

- where water is added directly from pip-
ing, use float level controls; 

- install back flow preventers where water 
is discharged below solution surface; 

- supervize regularly. 

Accidental Valve Opening 

This problem is best avoided by having no 
valves at all on the tanks holding concen-
trated solutions. If valves are already instal-
led, they should be sealed off, making them 
impossible to open. 

Valves are always a potential danger because 
they may be damaged by lift trucks, etc. and 
should be examined occasionally. 

Spillage of Chemicals 

This is a problem which is primarily overcome 
by supervision, training, and the establish-
ment of handling rules. 

Chemicals should be stored by lift trucks in 
areas safe from damage and sudden flooding. 

Many inexpensive methods are available for 
assisting an operator in the safe addition of 
chemicals. The easier and safer it is for him, 
the less he will waste. It is advisable to use 
equipment such as manual pumps, to avoid 
having to tip large containers. Chemicals 
which can react with each other should be 
kept well separated. 

General 

Wherever possible and practical, a holding pit 
should be inserted between the plating plant 
and the discharge to the sewer. Alarms should 
be installed which automatically sound warn-
ings in case of a sudden change in effluent. 
These alarms may also shut off the water sup- 

ply. 
The use of a holding pit is facilitated if the 
effluent flows are all piped above ground, or 
at least separately from general floor drain-
age. Such separation allows better monitor-
ing, and control, and a greater degree of being 
able to intervene in case of unforseen acci-
dents. 
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6. EXAMPLES OF LEGAL PROVISIONS 
AND ADMINISTRATIVE ARRANGEMENTS 

6.1 WATER QUALITY CONTROL 	visions illustrate well the stringent limitations 
now being increasingly placed on this in- 

Many countries have enacted legal provisions 	dustry. 
or are otherwise applying recommended 
effluent limitations to protect the aquatic 	EEC 
environment from pollution. 

Within the European Communities, a num-
ber of Directives apply to metal finishing 
industries. Directives are legally binding on 
the 12 Member States, but the individual 
Member States may select their own legal and 
administrative means of implementation. 

Discharge limits (Discharge Values) are nor-
mally prescribed in mass of pollutant per 
volume of water, for instance in milligrammes 
per liter (mg/l). However, since low effluent 
concentrations could be reached simply by 
diluting concentrated wastes with clean 
water, and also because in certain cases con-
centration limits cannot always be adhered to 
for technical reasons, regulations may also 
impose other restrictions. Such additional 
limits (<limit values>>) can take the form of 
total mass of pollutants allowed per unit time 
(day or year), or they can be related to the 
material throughput in a given plant: eg. 0.3 
grammes of cadmium released per i o kilo-
grammes of cadmium processed (EEC Direc-
tive 83/513/EEC of 26 September 1983). 

Monitoring and reporting procedures must be 
established and applied so as to ascertain that 
the quality objectives are being met. 
Obviously, monitoring must be performed or 
supervised by competent authorities. 

This chapter contains examples of legal pro-
visions and administrative guidelines of some 
countries to give the reader an overview of 
regulations and practices which are applied. 
Technically, the imposed requirements can all 
be met. While the selection of regulations 
shown is to some degree arbitrary, the pro- 

On 4 May 1976 the European Communities 
adopted Directive 76/464/EEC concerning 
the discharge of dangerous substances into the 
aquatic environment. For the chemicals listed 
in the Directive, zero emission into ground 
water applies, except for domestic effluents. 
Directive 8o/68/EEC relates specifically to the 
protection of groundwater. For other waters, 
the Member States shall individually lay 
down emission standards and grant discharge 
permits on a temporary basis. The emission 
standards shall contain <<Discharge Values>> 
as well as <<Limit Values>> as discussed above. 
The Council itself has acted in the case of cad-
mium (Directive 83/51 3/EEC of 26 Septem-
ber 1983) for the electroplating industry, 
limiting the concentration permitted in the 
discharge to 0.2 mg/I of concentration, and 
0.3 g of cadmium per kg processed. 

SWEDEN 

A list of <<Representative Discharge Values>> 
was published in 1985 in the General Advis-
ory 85 :x by the National Swedish Environ-
mental Protection Board. The pollutants 
listed are for outgoing treated wastewater. 

If Representative Values are exceeded more 
than temporarily, measures must be taken in 
collaboration with the supervisory agency to 
prevent this from occurring again. A list of 
representative values is shown in Table 4. 

FRANCE 

In 1985 France adopted Technical Instruc- 
tions concerning the performance of surface 
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treatment facilities. The instructions contain 
the following discharge limits: 

- zero discharge into ground waters; 
- the total combined concentration of 

zinc + copper + nickel + aluminium 
+ iron + chromium + cadmium + 
lead + tin, must not exceed 15  mg/I; 

- no more than 0.3 g of cadmium may be 
discharged for every kg processed; 

- the pH of effluents must be in the range 
of 6.5 to 9; 

- the temperature must not exceed 30°C. 

The values applied to individual pollutants 
are shown in Table 4. 

With respect to controls, the following pro-
visions have been laid down: 

- official controls for discharges are on a 
case by case basis; 

- action by the operator shall include: 

- continuous measurement of pH; 

- daily measurement of cyanide and 
hexavalent chromium; 

- weekly measurement of metals; 

- establishment of a representative 	- 
hour discharge curve for cadmium; 

- records must be kept for at least 5 years. 

NORWAY 

No national regulations or standards for 
discharge exist; each plant is given a separate 
permit limiting the quantity of effluent and 
the concentrations of the relevant chemicals. 
The quantity of effluent is reduced by pre-
scribing countercurrent rinsing and recircula-
tion of baths to the greatest extent possible. 

ALGERIA 

On t9 July 1986, the Republic of Algeria 
published a Technical Instruction concerning 
the operation of metal surface treatment facili-
ties (No. 2 ii /675/DPPN/86). All waters from 
plants must be detoxified prior to release. 
Detailed instructions are laid down, such as: 

- used waters must be collected separately 
according to the nature and concentra-
tions of impurities; 

- effluents containing cyanides may not 
be brought together with waters con-
taining nickel salts or with acidic waste 
waters; 

- cleaning water must be collected into a 
watertight basin, outside the plant, and 
subsequently treated like rinse waters; 

- before discharge, the following mini-
mum treatments must be performed: 
cyanides destroyed, chromates elimin-
ated, metals co-precipitated, fluorides 
precipitated, sludges separated, and the 
pH adjusted; 

- the detoxification equipment has to be 
installed under open air. 

Discharge values are comparable to those in 
use in other countries. 

USA 

Under the provisions of the Clean Water Act 
(Public Law 92 - 217) of 1977, every facility 
discharging into a waterway must apply for a 
permit which specifies what pollutants may be 
discharged, and a schedule for compliance, 
monitoring and reporting. If State water 
quality standards or other provisions of State 
or Federal law require more stringent pollu-
tant limits, the permit-issuing authority must 
apply those limitations. The discharge values 
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Parameter Discharge Values (mgfl) * 

Sweden 	France 	USA 
(daily max) 

Cadmium 0.1 0.2 0.11 

Chromium (total) 1 2 2.77 
Chromium (hexavalent) 0.1 0.1 

Cyanide (free) 0.1 0.1 o.86 
Cyanide (total) 1 1.20 

Copper 1 2 3.3 
Lead 1 0.2 o.6 
Zinc 2 5 2.61 
Nickel I 5 3.98 
Tin i 2 
Silver I 0.43 

Iron 2 5 
Aluminium 2 5 
Fluorides 1 5 
Oil 5 52 

Suspended Matter 10 15 6o 

COD 150 
pHrange 6.5-9 6-9 

* refer to text for information on the way these values are applied. 

Table : Discharge values applying in selected countries 

applied after 30 June, 1984 are shown in 	treatment plants themselves, and to safeguard 
Table 4. 	 water quality around the sewer outfalls. 

Self-monitoring for cyanide must be con- 	Industrial installations must pretreat waste- 

ducted after cyanide treatment and before 	waters to meet these standards. 

dilution with other streams. 

6.2 SEWER DISCHARGE LIMITS 

Many public authorities now specify stan-
dards for acceptance of pollutants into the 
sewerage system. These standards are desig -
ned to protect men working in sewers and 
manholes, as well as the sewers and sewage 

Discharge standards vary widely from one 
local authority to another. The standards 
reflect the different conditions of environment 
and of sewage treatment in each place. Table 
5 shows the standards that exist in several 
places around the world. It is common for the 
authority to issue a licence or permit to an 
industry prior to consenting to a discharge 
taking place. 
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Parameter Discharge Limits to Sewer Systems (mg/i) 
Baden Wurttemberg 	Melbourne * 	Italy 	Singapore 

(FRG) 	(Australia) 

Cadmium I tO 0.02 

Chromium (total) 2 tO 4 5 
Chromium (hexavalent) 0.5 0.2 

Cyanide 0.2 1 2 

Copper 2 tO 0.4 5 
Lead 2 tO 0.3 5 
Zinc 5 10 I tO 
Nickel 3 TO 4 tO 
Tin 5 10 

Silver 1 2 

Iron io 30 4 50 
Aluminium io 
Sulphides 10 1 

Sulphates 400 300 
Phenols too too 
Oil & Grease too 200 

pH 6-9.5 6-to 5.5 - 9.5 6-9 
Temperature max 350 

Total suspended 50 380  8o - 200 

solids 

* currently under review. 

Table 5: Sewer discharge limits in selected countries. 

6.3 WASTE DISPOSAL 

Waste disposal practices for sludges and solids 
vary greatly between countries. The particu-
lar requirements will often depend on the 
composition of the waste to be disposed of. 
Consultation of an official list of contaminants 
(where this exists) will help to determine 
whether a residue is hazardous or is regarded 
as a normal industrial waste which can be 
disposed of by conventional means. Residues 
which contain cadmium, chromium, nickel, 
and other toxic materials in significant con- 

centrations will usually be classed as hazard-
ous. Such hazardous constituents must be 
rendered insoluble prior to disposal, and per-
haps require disposal at special facilities. 

In some situations there may be a commercial 
market for certain recoverable wastes, thus 
avoiding somewhat the need for disposal. If 
this is not possible then landfill procedures 
will have to be used. 

Many authorities no longer permit the dis-
posal of liquids or sludges into landfill, even if 
contained in drums. They must first be rend-
ered solid by the waste generator. Either the 
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sludge itself can be dewatered and dried, or 
the liquid sludge can be further treated with 
setting agents. There now exist proprietary 
processes for such a procedure (15). Most are 
based on mixing the waste (after neutralisa-
tion) with cement, lime or silica which is then 
allowed to set. With a correct mixture of set-
ting agent the heavy metal ions become chem-
ically bound to the solid mass, and thus resist 
leaching. Where access to proprietary pro-
cesses is not commercially available, the waste 
producer may be able to, with the involve-
ment of local authorities, carry out some trials 
himself to determine the best conditions for 
solidification of his waste. The levels of 
extractable (i.e. leachable), toxic components 
in the resulting solid may be specifically laid 
down by some authorities. 

Where stringent requirements for hazardous 
waste management apply, these will usually 
include the following: 

- registration of the waste generator with 
the environmental authorities; 

- obligation to use only transport services 
which are specifically licensed to carry 
hazardous waste; 

- the use of a waste <<manifest >>, (or cer-
tificate) system to keep track of the 
waste load until it is safely disposed of, 

- an obligation to use only disposal facili-
ties which have been licensed by the 
authorities; 

- the use of specific labels and warning 
symbols for waste storage and transport. 

Metal finishers should make themselves famil-
iar with the requirements in their country. 

Annex A includes some references which can 
assist in resolving technical questions regard-
ing disposal options for specific substances. 

6.4 AIR EMISSION CONTROL 

As the most significant impact of air emissions 
is in the workplace itself, exposure limits as 
establisehed by occupational authorities are 
particularly significant. 

Exposure limit values have been established 
by many authorities for some of the chemicals 
used in metal finishing. These values differ 
from country to country, and moreover the 
basis for setting such limits may also vary. 
Thus terms such as <<maximum allowable 
concentration >>, <<threshold limit value>> 
(TLV), <<time weighted average>> (TWA), 
<<short-term exposure limit>> (STEL), and 
several other terms are regularly encountered 
in the literature. It is pertinent to note that 
such terms include two important concepts: 

an average value of exposure which is 
regarded as acceptable; 

a maximum limit which must never be 
exceeded. 

Many substances in the literature have both 
limits listed. 

It is not possible to give here a useful compari-
son of the various limits applying to different 
chemicals which are in force in different coun-
tries. Readers are referred instead to standard 
reference works on chemical hazards (see 
Annex A), and information contained in 
Material Safety Data Sheets (Annex E) for 
particular chemicals which may be released. 
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ANNEX B 

CASCADE RINSING TABLES 

PWI 

Table i may serve as a calculation aid for the 
metal finisher for estimating the economic and 
the ecological effects resulting from the install-
ation of a rinsing cascade. This Table contains 
the rinse water consumption rates, depending 
on the numbers of baths per cascade, dragout 
of chemicals, and different dissolving factors 
(for explanations see legend). Different finish- 

ing treatments have different rinse water 
requirements depending on the permitted 
degree of the remaining surface contamina-
tion of the piece, as shown in Table 2. Table 3 
contains a comparison of water consumption 
rates for rinsing with one two, three or four 
cascade steps. 
Tables are taken from Ref. 9. 



ANNEX B 

Drag Out 
D (I/rn2 ) 

Cascade 
Steps (n) ZOO 500 1000 2000 

Dilution Ratio Rd = Co/Cr 
3000 	5000 	7500 	10000 12500 15000 20000 25000 

10 50 100 200 300 500 750 1000 1250 1500 2000 2500 

.10 2 1.0 2.2 3.2 4.5 5.5 7.1 8.7 10.0 11.2 12.2 14.1 15.8 

3 .46 .8 1.0 1.3 1.4 1.7 2.0 2.2 2.3 2.5 2.7 2.9 

I 15 75 150 300 450 750 1125 1500 1875 2250 3000 3750 

.15 2 1.5 3.35 4.7 6.7 8.2 ,o.6 13.0 15.0 16.8 18.4 21.2 23.7 

3 .7 1.2 1.5 1.9 2.2 2.6 2.9 3.2 3.5 3.7 4.1 4.4 

I 20 100 200 400 600 1000 1500 2000 2500 3000 4000 5000 

.20 2 2 4.5 6.3 8.9 11.0 14.1 17.3 20.0 22.4 24.5 28.3 31.6 

3 .93 1.6 2.0 2.5 2.9 3.4 3.9 4.3 4.6  4.9 5.4 5.8 

1 25 125 250 500 750 1250 1875 2500 3125 3750 5000 3250 

.25 2 2.5 5.6 7.9 11.2 13.7 17.7 21.7 25.0 28.0 30.6 35.4 39.5 

3 1.2 2.0 2.5 3.2 3.6 4.3 4.9 5.4 5.8 6.2 6.8 7.3 

30 150 300 600 900 1500 2250 3000 3750 4500 6000 7500 

2 3.0 6.7 9.5 13.4 16.4 21.2 26.0 30.0 33.5 36.7 42.4 47.4 
.30 3 1.4 2.4 3.0 3.8 4.3 5.1 5.9 6.5 7.0 7.4 8.1 8.8 

4 .95 1.4 1.7 2.0 2.2 2.5 2.8 3.0 3.2 3.3 3.6 3.8 

I 35 175 350 700 1050 1750 2625 3500 4375 5250 7000 8750 

2 3.5 7.8 11.1 15.7 19.2 24.7 30.3 35.0 39.1 42.9 49.5 55.3 

.35 3 1.6 2.8 3.5 4.4 5.0 6.o 6.8 7.5  8.1 8.6 9.5 10.2 

4 1.1 1.65 2.0 2.3 2.6 2.9 3.3 3.5 3.7 3.9 4.2 4.4 

1 40 200 400 800 1200 2000 3000 4000 5000 6000 8000 10000 

2 4.0 8.9 12.6 17.9 21.9 28.3 34.6 40.0 44.7 49.0 56.6 63.2 
.40 3 1.9 3.2 4.0 5.0 5.8 6.8 7.8 8.6 9.3 9.9 10.9 11.7 

4 1.26 1.9 2.2 2.7 3.0 3.4 3.7 4.0 4.2 4.4 4.8 5.0 

I 50 150 500 1000 1500 2500 3750 5000 6250 7500 10000 12500 
2 5 11.2 15.8 22.4 27.4 35.4 43.3 50.0  55.9 61.2 70.7 79.1 

.50 3 2.3 4.0 5.0 6.3 7.2 8.6 9.8 io.8 11.6 12.3 13.6 14.6 

4 1.6 2.4 2.8 3.3 3.7 4.2 4.6 5.0 5.3 5.5 5.9 6.3 

Table i: Computed rinse water requirement as a function of the number of cascade steps (n), dragged out chem-
icals (D = drag out from the treatment bath to the rinsing bath, depending on surface and shape of the 
working pieces, supports (frame or drum), production rate, dripping time, and bath viscosity; D is speci-
fied as volume per treated surace area), and dilution ratio (Rd = Co/Cr where Co = treatment bath con-
centration and Cr = mean concentration of the rinsing bath, in the case of multiple rinsing. Rd is the 
product of the dilution ratios of all cascade steps). 
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Bath type 	Maintenance Characteristic Drag Out Dilution 	Rinsewater Requirement (1/m 2 ) 
work pieces 	 Ratio 

D (I/rn2) Rd= Co/Ci single bath - cascade steps - 
2 	3 	- 

Nickel bright manual ABS .14 10000 1 400 14 3.0 
Nickel bright manual iron ware .30 10 000 3 000 30 6.5 

(brass) 
Nickel bright serni-autom. plumbing .18 7 500 I 350 16 3.0 

(brass, copper) 
Chrome decor manual iron and nickel . 10 000 4 500 45 10 

ware 
Chrome decor autom. nickel plated .04 10000 400 4 1.0 

tubes 
Acid copper autorn. steel, Zarnack .24 5 000 I 200 17 4.0 
Copper Cyanide autom. steel, Zarnack .19 10 000 I 900 19 4.0 
Zinc cyanide autom. cartridges, .25 10 000 2 500 25 5.4 

lamp sockets 
Cadmium manual aircraft pieces .16 10000 i 600 16 3.5 
Cadmium serni-autorn. various .o6 10000 600 6 1.3 

Table 2 	Examples of rinse water requirements (litres per finishing surface area), depending on various treatment 
baths, and simple or cascade rinsing. 

Dilution Ratio 	Water Consumption (Rd) 

Rd = zoo to Qi = 20 to 200 l/m2  for single 
1000 	 rinsing 

Q2 = 2 to 6 I/rn2  for 2 step cascade 
rinsing 

=. 9 to 2 I/rn2  for 3 step cascade 
rinsing 
6 to i 1/rn2  for 4  step cascade 
rinsing 

Rd = iooi to Qt = 200 to 1000 1/rn 2  for single 
5000 	 rinsing 

Q2 = 6 to 14 I/rn2  for 2 step cascade 
rinsing 

= 2 to 3.4  1/rn2  for 3 step cascade 
rinsing 

= I to 1.7 1/rn2  for 4  step cascade 
rinsing 

Dilution Ratio 	Water Consumption (Rd) 

Rd = 5001 to Qi = i000 to 2000 I/rn2  for single 
10000 	 rinsing 

Q2 = 14 to 20 I/rn2  for 2 step cascade 
rinsing 

Q3 = 3.4 to  4.3  I/rn2  for 3 step 
cascade rinsing 

Q4 = 1.7 to 2 1/rn 2  for 4  step cascade 
rinsing 

Rd = 10000 	Qi = 2000 1/rn 2  for single rinsing 
Q2 = 20 1/rn 2  for 2 step cascade 

rinsing 
Q3 = 4.3 1/rn2  for 3 step cascade 

rinsing 
= 2 1/rn2  for 4  step cascade 

rinsing 

Table 3 Examples of rinse water consumption (Qn) for various typical dilution ratios depending on the number 
of cascade steps (single bath, n = 2, 3, and  4  steps), and for a dragout of q =. 2 1/rn2 . Data from Table i. 
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ANNEX C 

TABLE OF COMMON PROCESSES AND CHEMICALS USED 

This Annex lists the chemicals used in some 
common processes associated with metal fin-
ishing operations. It is these chemicals that 
present the environmental and occupational 
safety risks discussed in Chapter 2 when they 
are released. 

The mere existance of a chemical in a process 
does not automatically indicate that it will be 
released to the environment. Conversely, 
additional chemical substances may be gener-
ated during the processing operations (eg. 
gases from electrolysis), or reagents may com-
bine to form new compounds which find their 

way to an effluent stream. The identification 
of all relevant chemical entities which can 
affect the environment is an important step in 
the assessment of environmental impact. 

The discarding of spent solutions such as those 
listed here, together with chemicals carried 
away in washwaters, has traditionally repre-
sented the largest source of loss to the environ-
ment. Nevertheless the possibility of genera-
tion of fumes, gases and aerosol mists to work-
place and ambient air should not be ignored. 
Many of the substances listed here can be car-
ned over in spray and fumes. 
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PROCESS: SURFACE PREPARATION 

METHOD and TECHNIQUE 	CHEMICALS, MATERIALS USED 

GRINDING 
Cutting by means 	 grinding material: diamond, sand, flint, quartz, garnet, pumice, emery, 
of grinding materials 	corundum, aloxite, Si- and W-carbide, boron compounds, Si-compounds as 

additives for special cutting purposes 
cementing substances: ceramics, minerals, organic resin, rubber, poiy-
vinyl 

POLISHING, BRIGHTENING 
Mechanical polishing 	polishing materials: waxes, greases, oils, diatomite, Vienna or French 

chalk, oxides of Si, Al, Fe. 
Electrolytic and 	 polishing baths: perchloric, nitric, acetic, phosphoric, sulphuric, chromic 
chemical polishing and 	acids, glycerine, aniline, arsenates, alkaline baths for neutralisation 
brightening 

PRE-CLEANING, STRIPPING 
Mechanical cleaning 	HF (if sand blasting particles are removed chemically) 
by hand, machine or 
blasting techniques 
Chemical elimination 	baths for 
of rust, tinder and 	 -iron and steel: HC1, H 2SO4, H3 PO4, alkaline derusting salts, caustic 
oxide layers 	 soda, gluconates, heptonates, NaCN 

-stainless steel : HNO 3 , HF 
-copper and alloys: HNO 3, H2SO4  accelerators, Cr0 3, NaCN, 
Na2 Cr04  -aluminium and alloys : H 2SO4, HNO 3 , HF, caustic soda 
-magnesium and alloys : H2SO4, HNO3 

Electrolytic 	 baths: H 2SO4, HC1, H3 PO4, HNO3, HF, inhibitors (e.g. hexa- 
descaling 	 methylenetetramine, thiourea, dibenzyl suiphoxide) 

Note : H2  may be released during the process. 

FINAL CLEANING and 
DEGREASING 

Chemical 	 organic cleanser: tn- and perchloroethylene, gasoline, kerosene, solvent 
naphta, ethanol, emulsifying agents, amines, surfactants, dichioromethane, 
diethyl ether, glacial acetic acid, carbon tetrachloride 
inorganic, alkaline cleanser: NaOH, KOH, NaCN, Na 2CO31  silicates, 
alkaline phosphates, pyrophosphates, carbonates, detergents, sunfactants, 
soaps, Na-hexametaphosphate, borax 

Electrolytic 	 H2 , 02  produced in process 
Neutralisation 	 neutralisation baths : acids, alkaline solutions 

neutralisation and pickling baths : alkaline cyanides, KH-tartrate 
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SURFACE ACTIVATION 
Pickling 	 baths for 

-iron and steel: HC1, H 2SO4 , H 3 PO4 , alkaline derusting salts, caustic 
soda, gluconates, heptonates, NaCN 
-stainless steel HNO 3 , HF 
-copper and alloys : HNO 3 , H 2 SO4 , accelerators, Cr0 3 , NaCN, Na 2 Cr04  
-aluminium and alloys : H2SO4, HNO 3 , HF, caustic soda 
-magnesium and alloys : H2SO4, HNO3 
note Acid mists and vapours produced during process 

Blasting 	 (see above under PRE-CLEANING) 

CORROSION PROTECTION 
AND HARDENING 
(aftertreatment) 

Thermal 	 protective gases, metal oxides may be produced 
Mechanical 	 dust, particulates produced 
Chemical 	 oxidants, salts, soap, gloss oil, varnish 
Passivation 	 baths for Al, Fe : HNO 3 , Na2 Cr2 O 7 , H2SO4 
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PROCESS : METALLIC COATING 

METHOD and TECHNIQUE 
	CHEMICALS, MATERIALS USED 

ELECTROPLATING 
Copper plating 	 electrolytic solutions : acids, alkaIi s. salts 

buffer : NH40H/HCI, acetic acid/Na-acetate 
baths : CuSO4/H 2SO4 , Cu (BF4 ) 2/HBF4/H 3B0 3 , alkaline baths of CuSO 4 , 

wetting agents; Cu(CN) 2/NaCN/KCN with alkali carbonates and hydro-
xides, Na-K-tartrate; hydroxides, sulphides, NaCNS (brightening agent); 
Cu 2 P20 7 , K4P20 71  (NH4 ) 2-oxalate, NH40H, KNO 3  
polishers : thiourea, gelatine, cellulose, organic suiphonic acids 
bath filtration : asbestos, charcoal 

Nickel plating 	 baths: NiSO4 , NiC1 2 , H 3130 3 , Ni-citrate, organic wetting and polishing 
agents e.g. cumarine, H 202 , emulsifier 
surface hardening bath: NiSO4 , NH4C1, NiCI 21  (NH4 ) 2SO4 , H3110 31  
Ni-acetate 

Chrome plating 	 baths : Cr0 3 , H2SO4,  Cr2O 3 , HF, H 2SiF6 , Na2SO41  Cr sulphate, chloride, 
fluoride, nitrate 
catalyst : SrSO4 , K 2SiF6  
anodes : Pb, Sb, Te, Sn, Ag 
coating of bath walls : Pb 

Zinc plating 	 electrolytes : ZnSO4 , Na2SO4 , Al2  (SO4 ) 3 , H 3130 31  ZnC12 , NaCl, NaF, 
A1C1 3 , Zn (BF4 ) 2 , NH4CI, NH4BF4, glycyrhyzine 
alkaline electrolytes: Zn (CN) 2 , NaCN, NaOH, ZnO, gelatine, 
piperonal, triethanolamine, hexamethylenetetramine, Mo-oxide, fatty alco-
hol suiphonates (wetting agents); Zn 2P20 7 , K4P20 7 , K-citrate 
brightening agents : polymers or heterocyclic compounds 
aftertreatment: H2  degassing of metal layer by boiling water or hot air 
and neutralisation 

Cadmium plating 	 electrolytes : Cd (CN) 2 , NaCN, CdO 
Silver plating 	 electrolytes : AgCN, KCN, NaCN, K2CO3,  brightening agents (polymers, 

heterocyclic compounds), wetting agents 
Alloy plating 	 electrolytes: NH4S0 3NH2, Fe-, Co-, Ni-, Cd-, Zn-, Rh-, Ag- or Pb-sul- 

phate, NaOH 
Metallisation 	 degreasing : weak alkaline liquids without NaOH 
of plastics 	 pickling: Cr0 3 /H2SO4 , H 3P041  precious metals 

surface activation: HCl, NH40H, hydroquinone, PdCl 21  SnC1 21  Zn, 
Ag/Pd, H 2S041  stabiliser, reducing agents 
conductive coating : graphite, Cu, bronze or Ag 
chemical copper or nickel deposition: (see Cu-, Ni-plating) 
chemical deposition of other metals: Na-K-tartrate, NaOH, formal-
dehyde, CuSO4 , Na2CO 31  chelating, brightening and wetting agents; boraz-
anes; AgNO 3 , NH40H, hydrazine, formaldehyde 
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SOLUTION DEPOSITION 
Ion exchange techniques 	deposition materials : Cu, Zn, Sn, Ni, Ag, Au, Pt 

exchanged ions : Zn, Al, Fe, Cu 

Reduction processes 	deposition materials : Sn, Ni, Cu, Ag, Au 
reducing agents 1 NaH2 PO4, NaH 2 PO3, boron compounds, formaldehyde 
stabilizer : chelating agents, organic acids 
buffers : ammonium salts, acetates, borax, wetting agents 
catalysts : Fe, Ni, Ag 

HOT DIP DEPOSITION 
Galvanizing bath: melted Zn, fluxes ZnC1 2 , NH4C1 
Other Zn deposition methods baths : cyanides, H 2SO4 , fluoroborates 
Hot-tinning, bath : melted Sn, flux agents, fluoroborates, stannates, oil, cyanides 
electro-tinning, 
other techniques 

Hot lead coating bath : melted Pb, additives for better surface adhesion (Sn, Ni, As, Cd, Sb), 
and other techniques fluoroborates 

Hot aluminium bath : melted Al, flux agents : KC1, NaCl 
coating 

DIFFUSION DEPOSITION: 
Chrome evaporation 

Sheradizing processes 

Peen plating 

Alitizing 

Other diffusion 
techniques (corrosion 
protection, hardening) 

THERMAL SPRAYING 
TECHNIQUES 

Chromium, chromium compounds 

Zinc dust, sand, coal, chalk, pumice 

process chemicals : Zn, aqueous solution of chemicals, impact bodies, Sn 

process chemicals : carrier of Al (e.g. Al/Fe), Si 

diffusion materials: Si (trichiorosilane, H 2, high temperatures, mainly 
combined with alitizing); B (diborane, H 2 , 550 to 1050 °C reaction temperat-
ure, boron trichloride; boron carbide in ethylsilicate paste, high frequency 
heating); Ti (hardening of Mo and graphite); W (W-hexafluoride) 

Gas spraying 	 carrier gases : acetylene, city gas, propane 
spraying materials (inductive heated) : metal wires or powders 

Arc spraying 	 carrier gases : protective gases 
spraying materials: Zn, Al 

Plasma jet spraying 	spraying material : W, Mo, ceramics, plastics 
plasma torch material : Th, W, Cu 
carrier gases : Ar, N2  (protective gases) 
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Vacuum deposition 	 coating substances : Al, Ag, Au, Pt, Cu, Cr, Zn, Cd, SiO, Si0 21  CaF 21  
ThF 2 , MgF 2  

Electric vaporisation 	deposition material melted metals 
(small range deposition) 
Inductive vaporisation 	deposition material : melted metals 
(treatment of larger quantities) 

Electron beam deposition 	deposition material : various materials, especially if high melting temper- 
(large scale coating) 	atures are required for coating 
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PROCESS : NON-METALLIC COATING 

METHOD and TECHNIQUE 	CHEMICALS, MATERIALS USED 

CONVERSION LAYERS 
Phosphatizing in 	 methods: dipping, spraying, electrolytic, jet stream phosphatizing, roller 
aquatic solution 	 feeding 

reaction acceleration chemicals : nitrates, nitrites, chiorates, chromates, 
suiphates 
grain size reduction substances : pyro-, polyphoshates, organic chem-
icals (e.g. EDTA), primary Ca- orthophosphate 
nucleation enhancement: grinding, emulsion degreasing, titanopho-
sphate, oxalic acid 

Thin-layer phosphatizing 	ortho-phosphates of Fe, Mg, Zn, primary Na-phosphate, wetting agents, 
(primer for painting) 	oxidants, Mo-compounds 

Phosphatizing in 	 baths: H 3 PO4, chlorinated hydrocarbons, butanol, amyl alcohol, other 
non-aquatic solution 	solutions, 

accelerators : organic nitrogen compounds 

KEPHOS-process bath: H 3PO4 , epoxy resin, organic solvents 

Aftertreatment passivation : Na2Cr207  

Antique finishing of bath : chromic acid, acids 
copper alloys 

Dichromate treatment bath : chromic acid 
of magnesium alloys 

Alkaline oxidation bath : strong alkali 
of steel 

Chromating 	 bath : Cr03 , complex fluorides (activation by pickling), 
(yellow colour) 
(green colour) 	 bath : phosphoric and chromic acid, fluorides 

CHEMICAL OXIDATION 
Passivation agents : boiling water or steam (oxide layer) 

pretreatment (pickling) : NaOH or acid mixture (HNO 3/NaF) 

Primer, preparation agents : Na2 CrO31  watergiass (boiling) 
for deep drawing 

Brightening baths -for pure Al : ammonium hydrogenfluoride, nitric acid 
(chemical or 
electrolytic) -for Al-alloys, Al with impurities : H3PO4, H2SO4,  HNO 3 , H 3B0 31  

Cu (NO 3 ) 2 , stabiliser, wetting agents, 
-for pure and alloyed Al : H 3 PO4, H2SO4,  HNO3 , H3B0 3 , Cu (NO 3 ) 2 , 
stabilisers, wetting agents; chromic acid 
bath wall and instrumentation coating : Pb 
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Eloxation (electro- 	 agents: boric acid, alkaline borates, K-permanganate solution, sulphuric, 
chemical oxidation, 	phosphoric, oxalic, chromic acid, glycerine, salts of inorganic acids, organic 
anodic oxidation) 	 acids, foaming agents (volatilisation inhibitors), volatile baths, Pb (cathodes, 

bath coating) 

AFTERTREATMENT 
Colouring agents : Ti, Mo, V, Cr, Mn, Cu, Ni, Si, Co, Fe, Ag, Au, Pb, Sb, U, organic 

colours, alcohols, acetone, methylethylketone 
Photographic colouring agents : Ag-halides, K 2Cr2O 7  
Sealing agents : acetic, formic acid, Ni-, Co-acetate, boric acid, dichromates, Pb- 

acetate 
Dewatering agent : petroleum hydrocarbon 
(displacement of water) 
Absorbents agents : sawdust, proprietary absorbents 
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INTERNATIONAL ORGANIZATIONS ABLE TO ADVISE 
ON HAZARDOUS CHEMICALS 
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ANNEX D 

International Register of Potentially 

Toxic Chemicals (IRPTC) 

Palais des Nations, CH 1211 Geneva r o, Swit-
zerland 

Telephone : ( 41) (22) 98 84 00/98 58 50 

Telex : 28877 Geneva 
Telefax : (.r) (22) 33 26  73 

Contact for: information on chemicals, on 

waste disposal, on discharge regulations 

International Programme for Chemical 
Safety (IPCS) 

do World Health Organization, 

CH 1211 Geneva 27, Switzerland 

Telephone: (41) (22)91 21 II 

Telex : 27821 OMS 

Telefax : ( 41) (22) 91 07 46 

Contact for: toxicological information on 

chemicals 

International Labour Organization 
(ILO) 

4 route des Morillons, 

CH 1211 Geneva 22, Switzerland 
Telephone: (41) (22) 9961 11 

Telex : 22 271 BIT CH 
Telefax: (i) (22) 98 86 85 

Contact for: occupational health and safety 
information 

International Safety and Health Infor-

mation Centre (CIS) 

do International Labour Office 

4 route des Morillons 
CH 1211 Geneva 22, Switzerland 
Telephone: (41) (22) 9967 40 
Telex : 22 271 BITCH 
Telefax: (41) (22) 98 86 85 

Contact for: information on hazardous mat-

erials and workplace safety 
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CHEMICAL SAFETY DATA 

The following pages show examples of infor-
mation sheets available for some hazardous 
chem.icals. 

Such sheets should always be sought in the 
first instance from the manufacturer of the 

chemical through his agents. 

For some common chemicals independent 
publishing houses may also produce such 
sheets. The sheets shown here are reproduced 
with the kind permission of Genium Publica-
tions. 
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Material Safety Data Sheet 
from Genium's Reference Collection 

Genium Publishing Corporation 
1145 Catalvn Street 

Schenectady, NY 12303-1836 USA 	 €IP 
(SI li) 377855 	 QEPUUM PUBUSSING CORP. 

No.5 

CHROMIC ACID, SOLID 
(Revision B) 
Issued: September 1977 
Revised: August 1985 

SECTION 1. MATERIAL IDENTIFICATION 	 17 
Material Name: CHROM1C ACID, SOUD 	 o 

31 
Other Designations: Chromium Tnoxide; Chmmic Anhydride; Chromium (VI) Oxide; 	 OXY 

Cr03 ; CAS No. 1333-82-0 	 NFPA 

Manufacturer: Contact your supplier or distributor. Consult the latest edition of the Chemicalweek 
Buyers' Guide (Genium ref. 73) for a list of suppliers. 

SECTION 2::INGREDIENTS AND I  HAZARDS/EXPOSURE LIMITS 
Chromium Trioxide, Ca 100% 

OSHA PEL 	 ACGIH TLVs, 1985-86 	 Toxldty Data 
Ceiling: 0.1 mgim3 a 	 TLV-TWA: 0.05 mgmS**  (as Cr) 	 Dog, Subcutaneous, LD 1 ,,: 330 mg/kg 

Current OSHA PEL (ceiling limit) from chromic acid and chromates. 
5 Current ACGIH TLV for water-soluble chromium VI compounds. 
Note: The NIOSH-recommended exposure limit for chromium VI oxide is 0.025 mg Cr (VI)/m3  average over a work shift of up to 
10 hours, with ceiling level of 0.05 mg Cr (Vl)/m3  (15-minute period). 

SECTION 3. PHYSICALI DATA 
Boiling Point: Decomposes at 250C to Cr203  + 03 	 Solublilty In Water (%): 63 gm/100 cc at 20'C 
Melting Point: 197'C 	 Specific Gravity (H20 = 1): 2.7 
Molecular Weight: 99.99 

Appearance and Odor: Dark red deiquescent flakes or crystals; odorless. 

SECTION4.:FIRE:AND:EXPLOSION DATA. 
Flash Point: Not Combustible Autolgultion Temperature: Not Applicable LEL: Not Applicable I UEL: 	Not Applicable 

Chromic anhydride is not flammable but is a strong oxidizing agent and can ignite many hydrocarbons such as acetic acid and alcohol 
when brought into direct contact with them. Curtain inorganic chemicals will produce incandescence when mixed with chromic anhydride; 
e.g., arsenic, ammonia gas, hydrogen sulfide, phosphorus, potassium, sodium, and selenium. Flammable materials placed in the vicinity of 
such reactions could be easily ignited. 

Fire fighters should wear self-contained breathing apparatus and full protective gear to prevent contact when fighting fires involving this 
material. 

SECTION S:REACTIWFY  DATA 
This material is stable when properly stored and handled. It is a strong oxidizing agent and will react with many oxidizable substances such 
as oils, grease, paper, and plastics. The reactions can be rapid enough to iginite these materials. Chromic anhydride will ignite many 
hydrocarbons from direct contact. Incandescence is also produced from contact with the inorganic materials mentioned in section 4. 
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No. 5 QIROMIC ACID. SOLID 8f85 
SECTION 6 HEALTH HAZARD INFORMATIØN 
Inhalation of dust or mist can cause irritation of the respiratory tract due to 14gb acidity and tissue oxidation. Ulceration of mucous 
membranes of the nose and mouth can result from inhalation. Skin contact with acid solutions or the solid may cause irritation. However, 
the major damage occurs up to 48 hours after contact. The chromates slowly dissolve the skin, forming ulcers. Secondary infections can 
then occur on the broken skin. Chromic acid is also a sensitizer and may cause allergic skin rash. Eye contact may result in severe burns 
with loss of vision. Ingestion may cause severe burns of the intestinal tract with internal damage. Ingestion of 5 grams or less may be lethal 
for an adult. Long-term absorption may cause liver damage. Increased instances of respiratory cancers have been reported in the chromate-
producing industry. In its 1975 criteria document, NIOSH identilied chromium trioxide as a "noncarcinogenic chromium IV." The IARC 
has classified "chromium and certain chromium compounds" as being carcinogenic to humans. The specific chromium compounds respon-
sible for the carcinogenic effects are not identified. 
First Aid 
Inhalation: Remove person to fresh air. If necessary, aid breathing and seek medical attention.' 
Eyes: Immediately flush eyes, including under the eyelids, with running water for at least 15 minutes. Obtain medical assistance 
promptly.' 
Skin: Promptly remove contaminated clothing and wash infected area with soap and water. Seek medical attention' if irritation persists or 
other symptoms develop. 
Ingestion: Give person large quantities of milk or water to drink then induce vomiting. Get prompt medical attention.' (Never induce 
vomiting or give anything by mouth to an unconscious person.) 

'Get medical assistance: In plant, paramedic, community. 

SECTION 7.. SPILL, LEAKS ANDDISPOSAL::PROCEDURESj 
Notify safety/environmental personnel of spills. Cleanup personnel should wear respirators and protective gloves and clothing to prevent 
inhalation and skin contact. Provide adequate ventilation. Spread a reducing agent such as sodium sulfite or ferrous sulfate on liquid acid 
spills. Scoop up the resulting slurry into a container of water and neutralize with soda ash. Solid spills may be carefully scooped into 
containers, taking care to minimize dust generation. 
Disposal: Solutions containing this material should be chemically treated with reducing agents and pH adjusted to precipitate chromium. 
The precipitate and other solids containing this material should be disposed of in an approved chemical-waste landfill Follow applicable 
local, state, and Federal regualliotia. 
EPA Hazardous Waste Number D007 (EP Toxicity, 40 CFR 261) 
Reportable Spill Quantity: 1000 lbs. (454 kg) 

SECTION 8. SPECIAL PROTECTIONiINFORMATION 
Provide general and local exhaust ventilation to meet TLV requirements. NIOSH-approved high-efficiency dust/mist respirators with full 
facepieces should  be used during nonroutine/emergency operations and whenever the TLV may be exceeded. Self-contained breathing appa-
ratus or supplied-air respirators (both in po8itive-pressure mode) should be worn under severe exposure conditions (75 mg/mt). Tanks of 
chromic acid must be adequately exhausted, with chemical-resistant duct work and fans. Employees should wear chemical safety goggles to 
prevent eye contact. Face shields should also be worn where splashing can occur. Neoprene or other synthetic rubber gloves and apron or 
protective clothing should be worn. Caution: Chromic acid can attack some of these materials. If clothing becomes contaminated; fresh 
clothing should be obtained immediately. Launder contaminated clothing before reuse. Eyewash stations and safety showers should be 
readily accessible in areas of use. Contact lenses pose a special hazard: soft lenses may absorb irritants, and all lenses concentrate them 

SECTION 9. SPECIAL : PRECALjiIONS : :ANDCOMMENTS 
Store in closed containers away from oxidizable materials and other incompatible materials. Protect containers from physical damage. 
Maintain good housekeeping procedures. Avoid breathing dust and mist Avoid skin contact. Practice good personal hygiene. Wash hands 
thoroughly before eating' and smoking. Wash all areas of the body that may have come in contact with this material at the end of each work 
day. Eating and smoking should not be permitted in areas where this material is handled. 

DOT Hazard Clean Oxidizer 
DOTIDNn. NA 1463 
DOT Label: Oxidizer, Solid 

References: 2,4,9 12, 19,20,27,58,60,61. 
Prepared by C Venezia, CIH; Industrial Hygiene Revlew DJ Wilson, Cm; Medical Revlew. ER Plunkeit, MD 
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Material Safety Data Sheet 
From Genium's Reference Collection 

Genium Publishing Corporation 
1145 Catalyn Street 

Schenectady, NY 12303-1836 USA 
icia\ -7'72ac 

iP 
ODIUM PUBUSIUNG COW. 

No. 312 
TRICHLOROETHYLENE 

(Revision E) 

Issued: July 1979 
Revised: August 1987 

SECTION!. MATERIAL IDENTifICATION 	 23 
MATERIAL NAME: TRICHLOROETHYLENE 
DESCRIPTION (Origin/Usexi: Prepared from .iym-tetrachlomethane by way of eliminating HCI by boiling with lime. 
Used to manufacture organic chemicals, pharmaceuticals; in degreasing and dry cleaning; and as a solvent for 	 2 -- 0 

fals, waxes, rubbers, oils, paints, varnishes, ethers, and cellulose esters. 
flHER DESIGNATIONS: Ethylene Trichlonde; TCE; Trichloroethene; 1,1,2-Trichloroethylene; 	 HMIS 

C2HC13; NIOSH RTECS #KX4550000; CAS #0079-01-6 	 H 	2 
MANUFACTURERISUPPLIER: Available from several suppliers, including: 	 F 	i 	R 

Dow Chemical USA, 2020 Dow Center, Midland, Ml 48640; 	 R 	1 	 1 	3 

Telephone: (517) 636-1000; (800) 258-CHEM 	 PPE' 	 S 

COMMENTS: Trichloroethylene is a toxic solvent and a suspected occupational carcinogen. 	 • 	e sect. 8 	K 	0 

SECTION 2. INGREDIENTS AND HAZARDS  HAZARD DATA 
Trichioroethylene, CAS #0079-01-6; NIOSH RTECS #KX4550000 100 ACGIH Values 1987-88 

Cl 	Cl 
TLV-TWA': 50 ppm, 270 mg/rn3  
TLV-STEL": 200 ppm. 1080 mg/rn3  

OSHA PEL 1986" 
C = C 8-HrTWA: 100 ppm 

H 	Cl 
Ceiling: 200 ppm 

NIOSH' REL 1986 
10-Hr TWA: 25 ppm 

* 	The TLV-VWA is set to coneol subjective complaints such as headache, TOXICITY DATA 
atigue, 	sirs 	 . 	. 	. 	. 

Human, Oral, L1)i 	: 7 g/kg 
Human, lnhalation'TCi 	: 	900 mg/rn3  ** 	The TLV-STEL is set to prevent mcoordination and other beginning (10 Min) 

anesthetic effects from TCE. These levels should provide a wide margin luman, Inhalation, TC: 160 ppnl/ 
of safety in preventing liver injury. 

" The OSHA PEL is 300 ppm for 5 minutes in any 2 hours. 
83 Mm 
Human, Inhalation, TD: 812 mg/kg 

SECTION 3. PHYSICAL DATA 
Boiling Point ... 188.6'F (87'C) 	 Evaporation Rate ... Not Listed 
Vapor Pressure ... 58 Torr at 68F (20'C) 	 Specific Gravity ... 1.4649 at 68'F (20'C) 
Water Solubility ... Insoluble 	 Melting Point ... -120.64'F (-84.8'C) 
Vapor Density (Air = 1) ... 453 	 Molecular Weight ... 131.40 Grams/Mole 

Appearance and odor. Colorless, nonflammable mobile liquid; sweetish odor like chloroform. 

COMMENTS: TCE is highly soluble in lipids. A high vapor pressure at room temperature provides the potential for TCE 
vapors to contaminate use areas. 

SECTION 4. FIRE AND EXPLOSION DATA LOWER I UPPER 
Flash Point and Method Autoignition Temperature Flammability Limits in Air 

8% 10.5% Not Listed 770'F (410'C) % by Volume 
EXTINGUISHING MEDIA: TCE has no flash point in a conventional closed tester at mom temperature, but it is moderately 
flammable at higher temperatures. Use dry chemical, carbon dioxide, alcohol foam, or other extinguishing agents suitable for 
the surrounding fire. 
OSHA Flammability Class (29 CFR 1910.106): Not Regulated 
UNUSUAL FIRE/EXPLOSION HAZARDS: During fire conditions TCE emits highly toxic and initating fumes, including 
hydrochloric acid and phosgene. 	SPECIAL FIRE-FIGHTING PROCEDURES: Wear a self-contained breathing apparatus with a 
full facepiece operated in a pressure-demand or another positive-pressure mode. At TCE vapor levels of 300-1000 ppm, fire 
fsghters who lack the proper respiratory equipment may experience incoordination and impaired judgmenL 
DOT Flammability Class (49 CFR 173.115): Not Regulated 

SECTION 5. REACTIVITY DATA 
Trichloroethylene is stable. Hazardous polymerization can occur under certain circumstances (see Conditions to Avoid and 
Comments, below). 
CHEMICAL INCOMPATIBILITIES include magnesium or aluminum powder, NaOH, KOH, or other strong alkaline materials. 
Reactions with alkaline materials may lead to the formation of dangerous explosive mixtures of chloroacetylenes. 
CONDITIONS TO AVOID: When TCE is heated (as in the case with vapor degreasers) or exposed to sunlight, it requires exa 
stabilization against oxidation, degradation, and polymerization. It is slowly decomposed by light when iooisL 
PRODUCTS OF HAZARDOUS DECOMPOSITION include hydrochloric acid and phosgene under certain conditions at elevated 
temperatures. 
COMMENTS: ICE is stable under normal handling and storage conditions, and hazardous polymerization is not expected to 
occur. However, failure of the stabilizer at elevated temperatures or other extreme conditions may allow polymerization to 
take place.. 

Cqigia C 1957 Os,Us bI5Us Csps.do.. 
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No. 312 8/87 TRICHLOROETHYLENE 
SECTION 6. HEALTH HAZARD INFORMATION 
Trichloroethylene is listed as a carcinogen by the NTP, IARC, and OSHA. NIOSH reconiznends that tnchloroethylene be treated an an 
occupational carcinogen. IARC carcinogenic results are animal suspect, animal positive, and human indefinite. 	SUMMARY OF RISKS: 
Moderate exposures to TCE cause symptoms similar to those of alcohol inebnation. Higher concentrations cause narcotic effects. Ventricular 
fibnflatioa has been cited as the cause of death following heavy exposures. TCE-induced hepato cellular carcinomas have been aetected in mice 
during tests conducted by the National Cancer Institute (Chem & Eng News 54 (April 5, 19161:4). Organ tyntems affected by oveiupoeura to 
TCE are the central nervous system (euphoria, analgesia, anesthesia), degeneration of the liver and kidneys, the lungs (tathypnea), heait 
(anirthmia) and skin (irntation, vesication, and paralysis of fingers when immersed in liquid TCE). Contact with the liquid defata the skin ,  
causing topical derma titis. Certain people appear to experience synergistic effects fmm TCE exposure concomitant with exposure to caffeine, 
alcohol, and other drags. When combined with alcohol intake, toxic effects are increased and may cause a red, blotchy facial and upper body 
rash commonly called "degreaser's flush,' Other reported symptoms of ICE exposure include abnormal fatigue, headache, irritability, gastric 
disturbances, and intolerance to alcohol. Toxic effects from testing of TCE on humans include hallucination, distorted 	 somnolence perception, 
(general depressed activity), and jaundice. 	TARGET ORGANS: Respiratory system, central nervous system, heart, ltver, kidneys, and skin. 
PRIMARY ENTRY: Ingestion, inhalation, s kis contaci 	ACUTE EFFECTS: Headache, vertigo, visual disturbance, tremors, nausea, vomiting, 
dermatitis, dimness, drowsiness,  arid irritation to the eyes , nose, and throat. 	CHRONIC EFFECTS: None Reported. 	MEDICAL CONDFI1ONS 
AGGRAVATED BY LONG.TERM EXPOSURE: Diseases of the liver, kidneys, lungs, and central nervous system. FIRST AID: ETE CONTACT: 
Immediately flush eyes, including under the eyelids, gently but thoeoughly with plenty of running water for at least 15 minute& Get medical 
help.' 	SKIN CONTACT: Wash thorcughly with soap and water. Remove and launder contaminated clothing before wearing it again; clean 
material from shoes and equipment. Get medical help.' 	INHALATION: Remove victim to fresh air, restore and/or support his breathing as 
needed. Do = give adrenalin to the victim. Get medical help.' 	INGESTION: Call a poison control center. Never give anything by mouth 
to someone who is unconscious or convulsing. A professional decision regarding whether or not to induce vomiting is required. Do not give 
adrenalin to the victim. Get medical help.' 
'GET MEDICAL ASSISTANCE'.. IN PLANT, PARAMEDIC, COMMUNITY. Get prompt medical assistance for further treatment, observation, 
and support after first aid. 

COMMENTS: Workers' responses to TCE vary significantly because of many factors, including age, health statue, nutrition, and intake of 
alcohol, caffeine, and medicines. Do not use these substances before, during, or after exposure In ICE. Ifs worker displays any of the 
symptoms of exposure to TCE, thoroughly investigate all the possible contributing factors to determine, if possible, how much the work 
environment levels of ICE are responsible. 

SECTION 7. SPILL. LEAK, AND DISPOSAL PROCEDURES 
SPIWLEAK: Inform safety personnel of any trichioroethylene spill or leak and evacuate the area for large spills. Cleanup 
personnel must use respiratory and liquid contact protection. Adequate ventilation must be provided. Conftne the spilled TCE 
to as small an area as possible. Do AW allow it to run off to sewers or open waterways. Pick up spilled TCE with a vacuum 
cleaner or an absorbent such as vermiculite. 
DISPOSAL: Consider reclamation, recycling, or destruction rather than disposal in a landfill. 
Trichloroethylene is designated as a hazardous substance by the EPA (40 CFR 116.4). 
Tnchloroethylene is reporled in the 1983 EPA TSCA Inventory. 
EPA Hazardous Waste Number (40 CFR 261.33): U228 
EPA Reportable Quantity (40 CFR 117.3): 1000 lbs (454 kgs) 
Aquatic Toxicity Rating, Urn 96: Not Listed 

SECTION 8. SPECIAL PROTECTION INFORMATION 
GOGGLES: Always wear protective eyeglasses or chemical safety goggles. Follow the eye and face protection guidelines of 
29 CFR 1910.133. 	GLOVES: Wear impervious gloves. 	RESPIRATOR: Use a NIOSH.approved respirator per the NIOSH 
Guide to Chemical Hazards (Genium ref. 88) for the maximum-use concentrations and/or the exposure limits cited in section 2. 
Follow the respirator guidelines in 29 CFR 1910.134. Any detectable concentration of TCE requires an SCBA, full facepiece, 
and pressure-demand/positive-pressure modes. 	WARNiNG: Air.purifying respirators wsil 	~L  protect workers from oxygen- 
deiscient atmospheres. 	OTHER EOUIPMENT: Wear rubber boots, aprons, and other suitable body protection appropnate to 
the existing work environment. 	VENTILAI'iON: install and operate general and local exhaust ventilation systems of 
sufficient power to maintain airborne concentrations of TCE below the OSHA PEL standards cited in section 2. 	SAFETY 
STATIOI4S: Make eyewash stations, washing facilities, and safety showers available in areas of use and handling. Contact 
lenses pose a special hazard; soft lenses rosy absorb irritants, and all lenses concentrate them. OTHER SPECIAL 
MODIPICATIONS IN THE WORKPLACE: Because of the unresolved conlroversy about the carcinogenic status of ICE, all 
existing personal protective equipment and engineering technology should be used to prevent any possibility of worker 
contact with this material. 
COMMENTS: Practice good personal hygiene. Keep material off of your clothes and equtpment. Avosd transfer of matenal 
from hands to mouth while eating, drinking, or smoking. Adhere to the sanitation requirements of 29 CFR 1910.141 and 
29 CFR 1910.142. 

SECTION 9, SPECIAL PRECAUTIONS AND COMMENTS 
STORAGE SEGREGATION: Prevent ICE from coming into contact with strong caustics such as NaOH; KOH; chemically 
active metal like Ba, Li, Na, Mg, Ti; and powdered aluminum or magnesium in acidic solutions. 	SPC1AL HANDLINGI 
STORAGE: Store this material in a cool, dry, well.ventilated area. Avoid elevated temperatures because products of toxic and 
corrosive decomposition from TCE may form. Monitor the level of any stabilizer component that may be added to the ICE. 
(Consult the technical data from the supplier to determine the specifics of any added stabilizer.) If applicable, follow the 
supplier's recommendation concerning proper rotation of stock, shelf-life requirements, and levels of stabilizers. 
ENGINEERING CONTROLS IN THE WORKPLACE: Avoid collecting aluminum fines (very small particles) or chips in a TCE 
vapor degreaser. Monitor ICE stabilizer levels regularly. Only trained personnel should operate vapor degreasers. 
TRANSPORTATION DATA (per 49 CFR 172.101-2): 
DOT Hazard Clam: ORM-A 	 DOT ID No. UN17I0 	 IMO Class: 6.1 
IMO Label: SL Andrew's Cross (X)' 	 DOT Shipping Name: Tnchlomethylene 	DOT Label: None 
* Harmful. Stow away from foodstuffs (IMO Label, Materials of Class 6.1 Packaging Group III). 
Refcrences: 1-9, 12, 14, 21, 73, 87-94. 	P1 

Judgcnwsts ar to the suitability of information herein forpurchasces piopoun Approvals 	I'.aaz,e, ci 
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extends no warranties, makes no representations and assumes no rinpotsibitity as Indust H 	iene/Sa' yg 	 " 	 - , to the accusary orsuttability sfsucti information for application to purchaser's 
intended purposes or for consequencen r t 	e. 
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UNEP INDUSTRY AND ENVIRONMENT OFFICE 

About UNEP/IEO 

The Industry and Environment Office (lEO) 
was established by UNEP in 1975 to bring 
industry and government together to promote 
environmentally sound industrial develop-
ment. The lEO is located in Paris. Its goals 
are: (i) encourage the incorporation of 
environmental criteria in industrial develop-
ment plans, (2) facilitate the implementation 
of procedures and principles for the protection 
of the environment, () promote the use of 
safe and oclean>> technologies, () stimulate 
the exchange of information and experience 
throughout the world. lEO provides access to 

Some recent UNEP/IEO publications 

Industry 	and 	Environment 	Review 
(quarterly) ISSN 0378-9993 
Issues deal with topics such as: hazardous 
waste management, technological accidents, 
environmental auditing, industry-specific 
problems, environmental news. 

Environmental Management Practices in Oil 
Refineries and Terminals - an Overview 
ISBN92807 11083, 103p, 1988 

Environmental Aspects of Iron and Steel Pro-
duction - a Technical Review 
ISBN 92 807 10796, 14 p, 1986 

Environmental Aspects of Nickel Production 
- a Technical Review Part I : Sulphide Pyro-
metallurgy and Nickel Refining 

ISBN92 807 11334, 127p, 1988  

practical information and develops co-oper-
ative on-site action and information exchange 
backed by regular follow-up and assessment. 
To promote the transfer of information and 
the sharing of knowledge and experience, 
lEO has developed three complementary 
tools : - technical reviews and guidelines; - 
<dndustry and Environment>> review; - a 
technical query-reponse service. In keeping 
with its emphasis an technical co-operation, 
lEO facilitates technology transfer and the 
implementation of practices to safeguard the 
environment through : - promoting aware-
ness and interaction; - training activities; 
- diagnostic studies. 

Environmental Aspects of Transportation in 
Cities : Basic Guidelines for an Enviroiimen-
tally Sound Transportation System in Urban 
Areas 
ISBN92 807 1107 5, 23 p, 1986 

Guidelines on Environmental Management of 
Aluminium Smelters 
ISBN 92 807 1109 1,42 p, 1986 

Guidelines for Environmental Management of 
Iron and Steel Works 

ISBN92807 1113X,77p, 1986 

APELL - Awareness and Preparedness for 
Emergencies at Local Level : a Process for 
Responding to Technological Accidents 

ISBN 92 807 1183 0, 62p, 1988 
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