i—— o L D~y

";f"“‘ “‘»:\, .. UNEP/IEO - UNITED NATIONS ENVIRONMENT PROGRANME
‘a v , INDUSTRY AND ENVIRONMENT OFFICE

TEC?HNIOAI_ REPORT SERES No1 Env1r0nmenta1
; Aspects

of the Metal

Finishing

Industry :

A Technical Gu_‘idé'- :







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 IEO
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 UNEP
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 N° E.89.I111.D.3

ISBN g2 807 1216 0

oz2000 P



ACKNOWLEDGMENTS

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

Mr. J.-N. Breuil, Agence de I’Eau Loire-Bretagne,
(France)

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

Germany)

G.S.F. (Federal Republic of

Mr. Michel Rostagnat, Ministére de ’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, 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.

Daimler-Benz,

Confederation of British Industry, U.K.
Water Directorate, Department of Environment, U.K.

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.

International Labour Office, Division of Environment,
Energy and Human Settlements, Switzerland.

Figures 1 to 17, have been reproduced by courtesy of Ministére de ’Environnement, Agence Financiére de Bassin

Loire-Bretagne, France.

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



-I11-

TABLE OF CONTENTS

OVERVIEW AND SUMMARY

INTRODUCTION

ENVIRONMENTAL IMPACT OF THE METAL FINISHING INDUSTRY

2.1 Sources of Pollutants
2.2 Environmental Effects
2.3 Assessment of Potential Impacts

2.4 Management to Reduce Environmental Impact

IMPROVING METAL FINISHING TECHNIQUES IN REGARD TO

ENVIRONMENT PROTECTION
3.1 Minimizing Effluents
3.1.1 Drainage and Dragout
3.1.2 Reduction of Rinsewater Consumption
3.1.3 Regeneration of Baths
3.1.4 Recovery from Dilute Solutions
3.1.5 Combinations of Different Technologies
3.2 Wastewater Treatment
3.2.1 Detoxification of Hexavalent Chromium
3.2.2 Detoxification of Cyanides
3.2.3 Neutralization and Precipitation
3.2.4 Sedimentation and Clarification
3.2.5 Sludge Dewatering
3.2.6 Treating Oily Waters
3.3 Control of Air Emissions

RESIDUE DISPOSAL

PREVENTIVE MEASURES FOR POLLUTION AVOIDANCE

5.1 Replacement of Hazardous Chemicals by Less Toxic Substances

5.2 Recovery of Chemicals

5.3 Good Housekeeping and Workplace Safety
5.4 Buildings and Equipment

5.5 Management of Spills and Leaks

Page

O O

II

11
11
12
19
23
26
27
30
31
33
35
37

39
41

45
45
46
47
48
50



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

ANNEXES

A. Recommendations for Further Reading
B. Cascade Rinsing Tables
C. Table of Common Processes and Chemicals Used

D. International Organizations able to Advise on Hazardous Chemicals
E. Chemical Safety Data

53

53
55
56
57

59
61

7I
81
85


















ENVIRONMENTAL IMPACT OF THE METAL FINISHING INDUSTRY

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 « compartment» 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
foodstuffs 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.

6

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

ment and vigilant supervision are also
necessary to allow such equipment to perform
properly. Management’s dedication to good
housekeeping practices must be maintained
throughout the life of the plant.

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

10

routinely applied in the chemical industry. In
particular:

— sufficient information on each chemical
must be available;

— 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.


































IMPROVING METAL FINISHING TECHNIQUES IN REGARD TO ENVIRONMENTAL PROTECTION

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 hjgh 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.

EVAPORATION

BATH Cy

C2

s

STATIC RINSES

Freeze S¢paration

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 334k]/kg
instead of 2257 kJ/kg) and this technique
therefore has a lower operating cost than

Figure 10 : Use of rinse effluent to compensate for evaporation loss in a bath.

Fig. 11 (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 11
(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

21
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CORRIGENDUM - Please note that Para 5, p 31 should be replaced by:

Hazards are best minimized by ensuring as rapid a hydrolysis as
possible., This is achieved at a high pH of around 1ll.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 gquarantee 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.





































RESIDUE DISPOSAL

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-

42

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

















































ANNEX A

RECOMMENDATIONS FOR FURTHER READING
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ANNEX B

Drag Out Cascade Dilution Ratio Rd = Co/Cr

D (I/m?) Steps (n) 100 500 1000 2000 3000 5000 7500 10000 I2500 15000 20000 25000
1 10 50 100 200 300 500 750 1000 1250 1500 2000 2500

.10 2 1.0 2.2 3.2 4.5 55 7.1 87 100 11.2 122 141 158
3 .46 .8 1.0 1.3 1.4 1.7 2.0 2.2 2.3 2.5 2.7 2.9

1 15 75 150 300 450 750 1125 1500 1875 2250 3000 3750

.15 2 1.5 3.35 4.7 6.7 82 106 130 150 168 184 21.2 237
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 89 110 141 17.3 200 224 245 283 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

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

.25 2 2.5 5.6 7.9 11.2 137 177 217 250 28.0 306 354 395
3 1.2 2.0 2.5 3.2 3.6 43 4.9 5-4 5.8 6.2 6.8 7.3

I 30 150 300 600 Qoo 1500 2250 3000 3750 4500 6000 7500

2 3.0 6.7 9.5 13.4 164 21.2 260 300 335 367 424 474

.30 3 1.4 2.4 3.0 3.8 4.3 5.1 59 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 78 11,1 157 19.2 247 303 350 39.1 42.9 49.5 55.3

.35 3 1.6 2.8 3.5 4.4 5.0 6.0 6.8 7.5 8.1 8.6 9.5 0.2
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

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

2 4.0 89 126 179 21,9 283 346 400 447 490 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 1109 11
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 I50 500 1000 1500 2500 3750 5000 6250 7500 10000 12500

2 5 1.2 158 224 274 354 433 500 559 612 707 79.1

.50 3 2.3 4.0 5.0 6.3 7.2 8.6 98 108 116 123 136 14.6
4 1.6 2.4 2.8 3.3 3.7 4.2 4.6 5.0 5-3 55 59 6.3

Table 1: 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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ANNEX C

SURFACE ACTIVATION
Pickling

Blasting

CORROSION PROTECTION
AND HARDENING
(aftertreatment)

Thermal

Mechanical

Chemical

Passivation

baths for :

-iron and steel : HCl, H,SO,, H,PO,, alkaline derusting salts, caustic
soda, gluconates, heptonates, NaCN

-stainless steel : HNO,, HF

-copper and alloys : HNO;, H,50,, accelerators, CrO;, NaCN, Na,CrO,
-aluminium and alloys : H,SO,, HNO,, HF, caustic soda

-magnesium and alloys : H,50,, HNO,

note : Acid mists and vapours produced during process

(see above under PRE-CLEANING)

protective gases, metal oxides may be produced
dust, particulates produced

oxidants, salts, soap, gloss oil, varnish

baths for Al, Fe : HNO,, Na,Cr,0,, H,50,
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Vacuum deposition

Electric vaporisation

(small range deposition)
Inductive vaporisation
(treatment of larger quantities)

Electron beam deposition
(large scale coating)

ANNEXE C

coating substances : Al, Ag, Au, Pt, Cu, Cr, Zn, Cd, SiO, SiO,, CaF,,
ThF,, MgF,
deposition material : melted metals

deposition material : melted metals

deposition material : various materials, especially if high melting temper-
atures are required for coating
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Eloxation (electro-
chemical oxidation,
anodic oxidation)

AFTERTREATMENT
Colouring

Photographic colouring

Sealing

Dewatering
(displacement of water)

Absorbents

ANNEX' C

agents : boric acid, alkaline borates, K-permanganate solution, sulphuric,
phosphoric, oxalic, chromic acid, glycerine, salts of inorganic acids, organic
acids, foaming agents (volatilisation inhibitors), volatile baths, Pb (cathodes,
bath coating)

agents : Ti, Mo, V, Cr, Mn, Cu, Nij, Si, Co, Fe, Ag, Au, Pb, Sb, U, organic
colours, alcohols, acetone, methylethylketone

agents : Ag-halides, K,Cr,0,

agents : acetic, formic acid, Ni-, Co-acetate, boric acid, dichromates, Pb-
acetate

agent : petroleum hydrocarbon

agents : sawdust, proprietary absorbents
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No. 5

Material Safety Data Sheet
from Genium's Reference Collection
Genium Publishing Corporation ‘@ip gﬁgﬂ”‘gg ACID, SOLID

1145 Catalyn Street
Schenectady, NY 12303-1836 USA Issued: September 1977

518) 377-8855 GEMuM PusLISHNG cORP. | Revised: August 1985 _
SECTION 1.  MATERIAL IDENTIFICATION 17

Material Name: CHROMIC ACID, SOLID ooo
Other Designations: Chromium Trioxide; Chromic Anhydride; Chromium (VI) Oxide; @
CrO,; CAS No. 1333-82-0 NFPA
Manufacturer: Contact your supplier or distributor. Consult the latest edition of the Chemicalweek

Buyers’ Guide (Genivm ref. 73) for a list of suppliers.

SECTION 2. INGREDIENTS AND HAZARDS/EXPOSURE . LIMITS

Chromium Trioxide, ca 100 %

OSHA PEL ACGIH TLVs, 1985-86 Toxlcity Data®
Ceiling: 0.1 mg/m** TLV-TWA: 0.05 mgm*** (as Cr) Dog, Subcutaneous, LD, 330 mg/kg

*Current OSHA PEL (ceiling limit) from chromic acid and chromates.

**Current ACGIH TLYV for water-soluble chromium V1 compounds.

Note: The NIOSH-recommended exposure limit for chromium VI oxide is 0.025 mg Cr (VI¥m® average over a work shift of up to
10 hours, with ceiling level of 0.05 mg Cr (VI)/m® (15-minute period).

SECTION 3. PHYSICAL DATA

Boiling Point: Decomposes at 250°C 1o Cr,0, + O, Solubility 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 deliquescent flakes or crystals; odorless.

SECTION 4. FIRE AND EXPLOSION DATA

Flash Point: Not Combustible | Autoignition Temperature: Not Applicable ILEL: Not Applicable ]UEL: Not Applicable

Chromic anhydride is not flammable but is a strong oxidizing agent and cen ignite many hydrocarbons such as acetic acid and alcohol
when brought into direct contact with them. Certain 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 5. REACTIVITY 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.

Copyright © 1985 by Genium Publishing
Any commercial vee or reprodaction without the publisher's permission is proXibited
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SECTION 6. HEALTH HAZARD INFORMATION

Inhalation of dust or mist can cause irritation of the respiratory tract due to h{gh 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 imitation. 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 identified chromium trioxide as a "noncarcinogenic chromium IV.” The IARC
has classified "chromium and certain chromium compounds" as being carcinpgenic to humans. The specific chromium compounds respon-
sible for the carcinogenic effects are not identified.

First Al

Inhalation: Remove person to fresh air. If necessary, aid breathing and seck 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.

7 SPILL, LEAK; AND DISPOSAL PROCEDURES _

Notify safety/environmental personnel of spills. Cleanup personnel should wear respirators and pmtechve gloves and clothmg 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 regualtions.

EPA Hazardous Waste Number: D007 (EP Toxicity, 40 CFR 261)

Reportable Spill Quantity: 1000 Ibs. (454 kg)

 SECTION 8. SPECIAL PROTECTION INFORMATION

vande 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 pogitive-pressure mode) should be worn under severe exposure conditions (75 mg/m®). Tanks of
chromic acid must be adequatcly exhausted, with chemical-resistant duct work and fans. Employees should wear chemical safety goggles to
prevent eye contact. Face shields should also be wom 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 arcas of use. Contact lenses pose a special hazard: soft lenses may absorb irritants, and ail lenses concentrate them

Store in closed containers away from oxidizable materials m:l other mcompaublc materials. Protect containers fmm 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 permitied in arcas where this material is handled.

DOT Hazard Class: Oxidizer
DOT ID No. NA 1463
DOT Label: Oxidizer, Solid

References: 2,4,9 12,19, 20, 27, 58, 60, 61.
Prepared by C Venezia, CH; Industrial Hygiene Review: DJ Wilson, CIH; Medical Review: ER Plunkeu, MD

Copyright Geniom Publishing C muwmum&m-uu-nwuyd ‘herein for the p ]
:lwv’ b A“"’*““' -anmhmmummmmuﬂ s oo makca oo rep
rnl.lﬂ—nnwm-nh-ﬂnqamdﬂmhhwmbumlwmuhmdhm




Genium Publishing Cgrporauon
1145 Catal treet .

Schenectady, NY 1%03-1836 USA Issued: July 1979
518) 377-8855 aenum PuBLisiNG cORP. | Revised: August 1987

SECTION 1. MATERIAL IDENTIFICATION
MATERIAL NAME: TRICHLOROETHYLENE
DESCRIPTION (Origin/Uses): Prepared from sym-tetrachloroethane 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
fats, waxes, rubbers, oils, paints, varnishes, ethers, and cellulose esters.

Material Safety Data Sheet TRICHLOROETHYLENE
From Genium's Reference Collection <® P (Revision E)

OTHER DESIGNATIONS: Ethylene Trichloride; TCE; Trichloroethene; 1,1,2-Trichloroethylene; HMIS
CHCl3; NIOSH RTECS #KX4550000; CAS #0079-01-6 H 2
MANUFACTURER/SUPPLIER: Available from several suppliers, including: F 1 R 1
Dow Chemical USA, 2020 Dow Center, Midland, Ml 48640; R 1 I 3
Telephone: (517) 636-1000; (800) 258-CHEM PPE* 5 1
COMMENTS: Trichloroethylene is a toxic solvent and a suspected occupational carcinogen. * See sect. 8 K 0
SECTION 2. INGREDIENTS AND HAZARDS % HAZARD DATA .
Trichloroethylene, CAS #0079-01-6; NIOSH RTECS #KX4550000 100 ACGIH Values 1987-88
%& TWA‘“ z&?m, 270
C]\ /C 1 pgm““‘ mg/m
cC=¢C 8- HrTWA 100 ppm
e N Cellmﬁ
H Ci 108 EL 1986
10-Hr TWA: 25
*  The TLV-TWA is set to control subjective complaints such as headache, i Tgr)zfll DATA
fatigue, and irritability. uman LDy A, 3
** The TLV-STEL is set to prevent incoordination and other beginning Hyman, )"‘“““‘"“ ré 5 om0 mgim
anesthetic effects from TCE. These levels should provide a wide margin uman, Inhalation, TC| ,,: 160 pprv/
of safety in preventing liver injury. 83 Min .
#++ The OSHA PEL is 300 ppm for 5 minutes in any 2 hours. Human, Inhalation, TDy ,,: 812 mg/kg
SECTION 3. PHYSICAL DATA
Boiling Point ... 188.6°F (87°C) Evaporation Rate ... Not Listed
Vapor Pressure ... 58 Torr at 68°F (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) ... 4.53 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 lhe potential for TCE
vapors to contaminate use areas.
SECTION 4. FIRE AND EXPLOSION DATA LOWER UPPER_|
Flash Point and Method Autoignition Temperature Flammability Limits in Air
Not Listed TI0°F (410°C) % by Volume 8% 10.5%

EXTINGUISHING MEDIA: TCE has no flash point in a conventional closed tester at room 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 iritating furms 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
fighters who lack the proper respiratory equipment may experience incoordination and impaired judgment.

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 extra
stabilization against oxidation, degradation, and polymerization. It is slowly decomposed by light when moist.
PRODUCTS OF HAZARDOUS DECOMPOSITION include hydrochloric acid and phosgene under certain conditions at elevated
temperatures.
COMMENTS: TCE is stable under normal handling and storage canditions, 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..

Capyright © 1987 Oeninm Publishing Carporation.
Any commercial use or reproductian without the publisher's permission is prohibited.



No.312 887 TRICHLOROETHYLENE

SECTION 6. HEALTH HAZARD INFORMATION

Trichloroethylene is listed as a carcinogen by the NTP, IARC, and OSHA. NIOSH ds that tri hylene be treated as an
occupational carcinogen. IARC carcinogenic results are animal suspect, animal positive, and human mdeﬁmle.

Moderate exposures to TCE cause symploms similar to those of alcohol inebriation. Higher cause ic effects. Venlncular
fibrillation has been cited as the cause of death following heavy ex; . TCE-induced hepato cellular i have been d in mice
during tests conducted by the National Cancer Insutule (Chem & Nm 54 [April S, 19;6.] :4). Organ systems affected by ovcluposun to
TCE are the central aervous system (euphoria, of the liver and kidneys, the lungs (tachypnea), heart

(arrhythrnia) and skin (irritation, vesication, and panlysls of ﬁngers when immersed in liquid TCE). Contact with the liquid defats the skin,
causing topical dermatitis. Certain people appear to experience synergistic effects from TCE exposure concomitant with ex to caﬂ'qne,
alcohol, and other drug& When combined with alcahol 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 TCE ex eXposure if include abnorrnzl fanguc headache irritability, glnnc
disturbances, and intolerance to alcohol. Toxic effects from testing of TCE on include h somnolence
(general depressed activity), and jaundice. TARGET ORGANS: R sysiem, central nervous system, hean, liver, fldneys and skin.
PRIMARY ENTRY: Ingestion, inhalation, skin contacL Acmj%g‘g Headache, vertigo, visual disturbance, tremors, rausea, vomiti
dermalilis, dizziness, drowsiness, and imitation to the eyes, nose, and throat, CHRQN]QEE%IS None Reponed

ACGRAVATED BY LONG-TERM : Diseases of the liver, kidneys, lungs, and central nervous system. FIRST AID: EYE CONTACT:
i diately flush eyes, including under the eychds, gently but thoroughly with plenty of running water for at least 15 minutes. Get medical
help*  SKIN CONTACT: Wash thoroughly with soap and water. Remove and launder contaminated clothing before wearing it again; clean
rnalenal from shoes and equipment. Get medical help.*  INHALATION: Remove victim 1o fresh air; restore and/or support his breathing as
needed. Do ot give adrenalin 1o the victim. Get medical help.* INQESJ]m Call a poison control center. Never give anything by mouth
1o someone who is unconscious or convulsmg A professional decision reg hether or not to induce vomiting is required. Do not give
adrenalin to the victim. Get medical hel,

*GET MEDICAL ASSISTANCE = IN IPLANI‘ PARAMEDIC, COMMUNITY. Get prompt medical assistance for further treatment, observation,
and support after first aid.

COMMENTS: Workers' responses 1o TCE vary significantly because of many factors, including age, health status, nutrition, and intake of
aicohol, caffeine, and medicines. Do not use these substances before, during, or after exposure 10 TCE. If a worker displays any of the
symploms of exposure to TCE, thoroughly investigate all the possible contributing faciors to determine, if possible, how much the work
environment levels of TCE are responsible.

SECTION 7, SPILL, LFAK, AND DISPOSAL PROCEDURES

SPILL/LEAK: 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. Confine the spilled TCE
to as small an area as possible. Do not allow it 1o 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).

Trichloroethylenc is reported in the 1983 EPA TSCA Iaoventory.

EPA Hazardous Waste Number (40 CFR 261.33): U228

EPA Reportable Quantity (40 CFR 117.3): 1000 lbs (454 kgs)

Aquatic Toxicity Rating, TLm 96: Not Listed

SECTION 8, SPECIAL PROTECTION INFORMATION

GOGGLES: Always wear prolective eyeglasses or chemical safety goggles. Follow the eye and face protection guidelines of
29 CFR 1910.133. . Wear impervious gloves. KgﬁRA]‘_QR: 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 will pot prolect workers from oxygen-
deficient atmospheres. mmmm: Wear rubber boots, aprons, and other suitable body protection appropriate to
the existing work environment. YENTILATION: 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.

: Make eyewash stations, washing facilities, and safety showers available in areas of use and handling. Contact
lenses pose a special hazard; soft lenses may absorb irritants, and all lenses concentrate them.

Wi : Because of the unresolved controversy about the carcinogenic status of TCE, all

existing personal prolective equipment and engineering technology should be used lo prevent any possibility of worker
contact with this material.
COMMENTS: Practice good personal hygiene. Keep material off of your clothes and equipment. Avoid transfer of material
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 TCE 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. SPECIAL HANDLING/
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 TCE.
(Consult the technical data from the supplicr to determine the specifics of any added stabilizer.) If applicable, follow the
supplier's recommendation concemning pmper rotation of stock, shelf-life requirements, and levels of stabilizers.

: Avoid collecting aluminum fines (very small particles) or chips in a TCE
vapor degreaser. Monitor TCE stabilizer levels regula.rly Only trained personnel should operate vapor degreasers.

(per 49 CFR 172.101-2):

DOT Hazard Class: ORM-A DOT ID No. UN1710 IMO Class: 6.1
IMO Label: St. Andrew's Cross (X)* DOT Shipping Name: Trichloroethylene DOT Label: None
* Harmful - Stow away from foodstuffs (IMO Label, Materials of Class 6.1 Packaging Group III).
References: 1-9, 12, 14, 21, 73, 87-94. Pl
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