
An Investigation into the Water Management
and Effluent Treatment in the Processing of
(i) pulp and paper (ii) Metals (iii) fermentation products

and (iv) Pharmaceutical products.

By the
Pollution Research Group

Department of Chemical Engineering
University of Natal

WRC Report No. 106/2/87



Report t o the

WATER RESEARCH COMMISSION

for the project

An investigation into the water management and effluent treatment in the
processing of (i) Pulp and Paper, ( i i ) Metals, ( i i i ) Fermentation
Products and (iv) Pharmaceutical products.

PART II

Investigations into water management and effluent treatment in the South
African Metal Finishing Industry.

Prepared for the •

WATER RESEARCH COMMISSION

by the

POLLUTION RESEARCH GROUP
DEPARTMENT OF CHEMICAL ENGINEERING
UNIVERSITY OF NATAL



ISBN 0 908356 85 4

SET ISBN 0 908356 88 9



ABSTRACT

A survey on water management and effluent treatment in the South African
metal finishing Industry was carried out for the Water Research
Commission In order to collate existing knowledge on water and effluent
problems and to formulate, on a co-ordinated basis, the scope for
Improved effluent treatment, water management and the disposal of
effluents. A second objective of the project was to make
recommendations to the Water Research Commission so that they could
Initiate, on a priority basis, research and development programmes for
the solution of Identified problems.

Literature surveys were prepared on the metal finishing Industry,

effluent treatment methods for this industry and the effluent discharge

legislation as applied to this Industry In South Africa, the United

States of America, Canada and Europe.

A survey of municipalities and local authorities receiving metal

finishing metal effluent was conducted by means of a questionnaire with

the objectives of :-

(I) Identifying and collating problems being associated by sewage

works by the discharge of wastewaters containing heavy metals

Into sewage systems.

(II) collecting basic data on sewage discharge by-laws and the

acceptability of metal finishing Into sewage works.

(III) assessing the Impact of the metal finishing effluents on sludge
disposal techniques.

Individual metal finishing firms were contacted and basic Information
was collected on water usage, chemical usage, effluent characteristics,
effluent treatment and conditions of discharge.

It was estimated that the water usage of 131 metal finishing firms was

8 800 Ml/year producing 6 800 Ml/year of effluent and 6 880 cubic metres
of sludge. Some type of In-house effluent treatment system had been
Installed In 92 firms.



The following recommendations were made

(I) the volume of effluent should be reduced by In-house measures 1n

that the metal load after conventional treatment by precipitation

Is proportional to effluent volume.

(II) conventional effluent treatment processes (precipitation) 1s
capable of achieving low concentrations of contaminants 1f
complexing or chelating agents are absent. Encouragement should
be given to the Installation of Innovative technology to enable
metal finishing facilities to be Isolated from the sewer
systems.

(III) consideration should be given to not only demonstrating existing
and Innovative technology but to the upgrading of existing
facilities.

(1v) greater provision should be made for the provision of controlled
dumping sites for potentially toxic sludges from the metal
finishing Industry.
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INTRODUCTION

1. General

1.1 The Pollution Research Group, Department of Chemical Engineering of
the University of Natal were appointed by the Water Research
Commission in 1982 to investigate water usage, wastewater
management, effluent reclamation and pollution control in the metal
finishing industry within the Republic of South Africa.

2. Terms of Reference

The Terms of reference for the study were to :-

(i) collate the existing knowledge on water and effluent
problems of the metal finishing industry.

(ii) survey water usage, chemical usage and effluent
production within the metal finishing industry.

(iii) study the techniques of the metal finishing industry and
the establishment of the quantity and quality of process
streams to determine the scope for the recovery of water
and by-products and possible methods of effluent
treatment.

(iv) consider methods for the reduction of water intake, the

internal recycling of water and in-house water and

effluent management.

(v) assess the impact of advanced wastewater management
techniques, including closed loop recycle systems.

(vi) formulate research and development priorities for
consideration by a Coordinating Research and Development
Committee for the metal finishing industry.



3. Method of Approach

3.1 A survey of Municipalities receiving metal f inishing effluent was

conducted by means of a questionnaire.

The main objectives of this survey were to

( i ) identi fy and col late problems being experienced by sewage

works by the discharge of wastewaters containing heavy

metals into sewerage systems.

( i i ) col lect basic data on eff luent discharge by-laws and the

acceptability of metal f inishing eff luent into sewage

works.

( i i i ) assess the impact of metal f inishing eff luent on sludge

disposal techniques.

3.2 Individual metal f inishing firms were contacted and basic

information collected on water usage, f in ish ing, chemical usage,

eff luent characterist ics, eff luent treatment and discharge point.

3.3 Literature surveys were prepared on the metal f inishing industry,

eff luent treatment methods for th is industry and eff luent discharge

legislat ion as applied to this industry of South Af r ica, USA, Canada

and Europe.



CHAPTER 1. PLANNING FOR INDUSTRIAL WASTEWATER REUSE AND RECLAMATION

South Africa is a relatively arid country with an average rainfall of under
500 mm compared to a world average of 860 mm. The distribution of
rainfall is uneven and about one third of the country receives an annual
rainfall of less than 300 mm.

It is estimated that South Africa's total water credit is 34 000 million
m3/a. present usage is 12 000 million m3/a but demand is rising rapidly
and projections indicate that supply and demand will be equal by the year
2020 (1).

The effective use of fresh water supplies is being impaired through quality
deterioration brought about by the discharge of partially treated
wastewaters and pollution from non-point sources. Industry, in general,
discharges many substances which are resistant to degradation by
conventional biological treatment and the self-purification processes of
the water environment. Wastewaters containing intractable, toxic or
carcinogenic substances should not be permitted to enter clean water
supplies or water reclamation systems.

The Commission of Enquiry (2) into Water Matters estimated that 8 700
million m3/a could be saved by improved utilisation of irrigation water
(17%) and by water reclamation and reuse schemes (83S). The ratio of
industrial to domestic water usage is about 60 : 40. For these reasons, it
is evident that, in the future, industry has a major role to play in the
South African water economy.

Water reclamation and reuse can be achieved in three main ways:-

(i) water recycling

(ii) reclamation of industrial wastewaters

(iii) reclamation of sewage for use in

(a) irrigation

(b) cooling systems

Cc) industrial use

(d) potable supply systems



1.1 The Supply of Water to Industry

The Water Amendment Act of 1984 (3) makes provision for the intake
quantities of public water for municipal, urban and industrial
purposes, and the siting of industries using water, to be strictly
controlled. The Act is administered by the Department of
Environment Affairs, in consultation with the Department of Health
and the South African Bureau of Standards, specialists in water
science and research institutes.

These conditions can inter alia contain requirements in respect of
the quality of effluent that may be discharged to municipal sewers
and can also tripulate instructions for the reduction of specific
water use. Failure to comply with any conditions of the permit
could result, as a last resort, in the supply of water (regardless
of source) to be suspended.

After- a permit has been issued the permit holder is obliged to
furnish the Department with details of actual water intake on a
regular basis. In the event of new technology within a reasonable
time.

In terms of Section 12 of the Water Amendment Act, 1984 any
undertaking whose daily water intake from all sources (e.g. from
public water supplies, boreholes on premisses, sea water and/or
effluents received from other parties) exceeds 150 m3 on any one
day shall apply to the Minister for a permit to authorise such use
(4). The Minister may issue the permit under such conditions as
he considers necessary.

Water abstracted for industrial (including municipal) use must be

returned as far as it is practically feasible, undiminished in

quantity, to the stream of its origin after it has been purified to

very stringent standards.



Embodied in the Water Amendment Act is the philosophy that :-

(i) purification of effluent is considered to be part of the
industrial process, and

(ii) the industrial activities of the upstream user should not be
to the detriment of the downstream user.

In this way it is endeavoured to obtain maximum use from the
country's limited water resources.

1.2 Effluent Discharge by Industry

The disposal of industrial effluents may be managed by three main
methods:-
(i) discharge to public streams
(1i) discharge to municipal sewers
(iii) industry based treatment and recycle

All discharges of effluents, whether permit holders or not, are
obliged to submit regular reports on the quantity and quality of
effluent discharged.

1.2.1 Discharge to Public Streams
(Section 21 of the Water Amendment Act)

The purification of wastewater resulting from the use of water for
industrial purposes is considered to be part of the industrial
process.

All water seeping out or draining from land is considered as an
effluent and has to comply with the quality standards (or
exemptions) as the Minister may consider appropriate to grant in
each instance. Any discharges into stormwater drains which can
cause pollution of water are the responsibility of the local
authority. The local authority and the discharger can be held
jointly or separately responsible for such discharges. The
irrigation or disposal to evaporation ponds is considered as a



temporary measure to isolate polluted effluent from the water
environment. This method of disposal must be phased out with the
'best pacticable' means to treat those effluents to acceptable
standards becomes available.

The standards that must be achieved for the discharge to public
streams are prescribed by the Department of Environment Affairs and
comprise :-

(i) a general standard
(ii) special standards for specified streams, specified areas and

for specified industrial processes.

Table 1.1 summarises these discharge regulations.



TABLE 1.1 GENERAL AND SPECIAL STANDARDS FOR DISCHARGE,
IN TERMS OF THE SOUTH AFRICAN WATER ACT, ACT NO, 54 OF 1956

Special Standard

nil
5,5 - 7,5

< 75
> 25

nil
> 30
> 5

> 15% above intake
> 10

> 50 above intake
nil
nil

> 1
> 1.5
> 0,1
> 0,5
> 0,05
> 0,02
> 0,01
> 0,1
> 0,02
> 0,05
> 1,0
> 0,3
> 2 . 0 "
> 0,3
> 0,1
> 0,5

' In terms of Government Notice No. 7159 of 1 August 1980. effluents draining to certain sensitive areas must have soluble onhophos-
phaie (as P) concentrations of less than 1,0 mg/f

" I n terms of Government Notice No. 7159 of 1 Augus! 1980 this figure has been amended to not greater than 1 mg/Tof soluble ortho-
phosphate las P).

Parameter

Colour, odour, taste
pH
Dissolved Oxygen (%)
Temperature (ECI
Typical Faecal Cotiforms (per 100. mf)
Chemical Oxygen Demand (rng.'O
Oxygen Absorbed (mg/f)
Total Dissolved Solids
Suspended Solids [mg/f)
Sodium (mg/f)
Soap, oil, grease (mg/fi
Residual Chlorine — as Cl (mg/f)
Free end Saline ammonia — as N (mg/f)
Nitrate — as N (mg/f)
Arsenic (mg/f)
Boron (mg ft)
Chromium — total I mg/f)
Copper (mg/f)
Phenol (ma/f)
Lead fmg/f)
Copper (mg/f)
Sulphides — as S (mg/rt
Fluorine (mg/f)
Zinc (mg/f)
Phosphate — total as P (mg/f)
Iron (mg/f)
Manganese (mg/f)
Cyanide - as CN (mg/f)

Ganeral Standard

nil
5,5 - 9,5

< 75
> 35

nil
> 75
> 10

> 500 mg/f above intake
> 25

> 90 above intake
> 2,5
> 0,1
> 10

not specified
> 0,5
> 1,0
> 0,5
> 1,0
> 0,1
> 1,0
> 0,5
> t,o
> 1,0
> 5,0

not specified"
not specified
not specified
not specified



1.2.1.1 Exemption from Compliance

Section 21(5) of the Water Amendment Act covers the case where i t
would be impractical for an industry to purify i ts effluent to the
prescribed standard.

On reciept of an application for exemption the Minister must give
due consideration to :-
( i ) the efficiency of internal house keeping.
( i i ) the efficiency and • operation of treatment systems

available.
(iii) the availability of proven new technology,
(iv) the expected impact on the water environment should an

exemption by granted.

After careful consideration, the Minister of Environment Affairs
may grant permits of exemption from the standards and from the
stipulation that water abstracted be returned to the stream of
origin. The degree of exemption must be specified and the point
of discharge must be such that no other person will be prejudically
affected.

An exemption permit is subject to revision, modification or
cancellation by a Water Court to whom any interested person may
apply. The Minister may withdraw or amend the permit at any time
by notice in writing to the permit holder.

1.2.1.2 Sea Discharges

Sea discharges are also covered by the provisions of the Sea Shore
Act.

1.2.2 Discharge to Municipal Sewers

The municipalities may accept industrial effluents into their
sewerage systems and sewage works. The responsibility for
effluent purification and disposal then rests with the
municipality. The municipal use of water i s , under the terms of
the Water Amendment Act, classed as an industrial use and hence al l
municipal discharges must comply with the relevant standards.



The municipalities promulgate their own discharge regulations (7)

with which industry must comply and charge ta r i f f s for accepting

industrial eff luent. Examples of municipal discharge regulations

are given in Table 1.2.
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TABLE 1.2 COMPARISON

pH

Faecal coll
Dissolved 0]
Temperature
Chemical oxygen demand ICOD
4 h O A

TDS

Electrical conductivity (mS/m)
Suspendid solids
Sodium (as Na)

Soap, oil and grease
Substances not in solution
lincl. fat. oil. grease, waxes.
etc.)
Substances soluble in petro-
leum ether
Chlorides
Free Cl
Free and saline NHj
Silver (ss Ag)
Iron (as Fe)
Chromium (as Crl
Copper (as Cu)
Nickel (as Ni)
Zinc (as Zu)
Cadmium las Cd)
Arsenic (as As)
Boron las 91
Lead (as Pb)
Selenium (as Se)
Mercury (as Hgl
Sulphides las 5)
Fluorides (as F)
Phenols
Formaldehyde
Cyanides las CM)
Total sugars and starch
Tar and tar oils not soluble
in water
Calcium carbide
Total sulghatas

NS . = Not specified

OF MUNICIPAL

Water Act No,
54, 1956

General
Standards

5.5 - 9.5
Nil

> 75%
<35°C

75
10

| Not increasing
| more than 500
| aboue intake

N.S.
max. 25

| Not more than
| 90 aboxe intake

mar. 2,5
N.S.

N.S.
N.S.

max. 0,1
10

N.S.
N.S.
0.5
1.0

N.S.
5.0

N.S,
0.5
1.0
1.0

N.S.
N.S.
1.0

1.0
0.1

N.S
0.5

N.S.

N S.
N.S.
N S.

DRAINAGE REGULATIONS WITH WATER

Johannesburg

> 6,0
N.S.
N.S
N.S.
N.S,
1 400

to N.S.

500
N.S.
N.S.

N.S.
2000

500

N.S.
100

N.S.
N.S.

1
| total concen-
I tration of ail
| metals 50;
! individual
]metal 20
1
I total of all
] metals 20;
| individual
| metal 5

50
5

N.S.
50
20

1 500

N.S.
Nil

1 BOO

City drainage by

Pretoria

6 - 1 0
N.S.
N.S.
N.S.

5000
200

2000

N.S.
600

N.S.

400

N.S.

N.S.
N.S.
N.S.
N.S.
Nil

N.S.
20
20
20

20
20

N.S.
N.S.
N.S.
N.S.
N.S.

25
N.S.
N.S.
N.S.

10
N.S

60
Nil
300

ACT GENERAL STANDARD1

-laws

Durban

> 6,0
N.S.
N.S.
75°C
N.S.
N.S.
N.S.

N.S.
2000
N.S.

50
N.S.

N.S.
1 000
N.S.
N.S.
N.S.
N.S.

50
50
50
50
50

N.S.
N.S.
N.S.
N.S.
N.S.

50
N.S.
N.S.
N.S.

20
1 500

60
Nil

200'

Cape Town

5,5 - 12,0
N.S.
N.S.
43 DC
N.S.
N.S.

1 000 - 2000

300-500
1 000
N.S.

400

N.S.

N.S.
N.S.
N.S.
N.S.
N.S.
N.S.

total not
to exceed

50

50
N.S.
N.S.
N.S.

20
1 500

60

Nil
500

"Sulphate m solution
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The discharge regulations endeavour to ensure that the municipal
sewage works are not overtaxed or put out of order. They are
indicative of the amount of pretreatment required by industry to
ensure treatability at the sewage works and allow compliance with
the discharge standards.

The discharge of industrial effluents into municipal sewers does
not exempt the discharger from the requirements of the Water
Amendment Act in respect of the quality of the water discharged.
This implies inter alia that the Minister may prescribe
pretreatment of effluents before discharge to sewer.

1.2.3 Industry Based Recycling and Reclamation

Industry based reclamation and reuse of their wastewaters has the
advantage that undesirable pollutants are not discharged into the
water environment as they are removed at source. The wastewaters
in a factory are fairly well-defined and being relatively
concentrated, a wide range of separation techniques and treatment
methods may be applied. In addition the recovery of process
chemicals, by-products and heat energy is achievable in many
instances.

Examples of industry based recycling and reclamation are:-

(i) direct reuse of non-contaminated process water; for example,
cooling water to general factory use.

(ii) cascading of process water used on a high quality process to
another process requiring only low quality water; for
example, final rinses to first rinse operation.

(iii) treatment of a wastewater from one source for reuse in
another process; for example, removal of suspended solids.

(iv) end-of-line mixed factory effluent treatment and reuse.
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(v) closed loop treatment and recycle of wastewater from a
particular source for direct reuse in the process. This is
often accompanied by recovery of process chemicals,
by-products and heat energy.

1.2.4 Future Trends

Municipalities planning sewage reclamation schemes will have to
assess critically their industrial effluents in order to preclude
those pollutants that are undesirable. In general it can be
expected that municipal discharge regulations will be tightened
especially with respect to colour, dissolved salts, heavy metals
and intractable organic compounds.

In the future it can be expected that:-

(i) discharge conditions will become more strict,

(ii) exemption permits will be examined critically in the light of
new technology,

(iii) new dams, water works, reticulation systems and sewage works
will have to become self-financing resulting in higher
charges for fresh water and effluent discharge.

In the longer term, the introduction of a Water Levy Act is being
considered (5). This proposes that dischargers pay a levy based
on the number of "harmfulness units" present in their annual
discharge. The progressively increasing levy is aimed at
providing an economic incentive to improve effluents and to
facilitate long term economic planning.
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CHAPTER 2. LITERATURE SURVEY - METAL FINISHING INDUSTRY

2.1 Introduction

Metal finishing is used to improve the surface of a base material

by:-

- cleaning i t

- hardening or softening i t

- smoothing or roughing i t

- depositing another metal on i t by chemical exchange

- electroplating another metal or series of metals, on i t

- converting i ts surface by chemical deposition

- coating i t with organic materials

- oxidising i t by electrolysis

These processes are known more familiarly as cleaning and pickling,
annealing, case hardening, polishing, buffing, immersion plating,
electroplating, phosphating, conversion coating, oxidising,
painting, electropainting and anodising.

The corresponding changes produced by these methods of metal
finishing on the base material serve to enhance the value of the
treated item by providing such improvements as:-

- corrosion resistance
- durability
- esthetic appearance
- electrical conductivity

Such processes also fill many special engineering requirements of

industry such as stress relief, ductility, heat resistance or the

ability to stamp and form metal objects.

The metal finishing industry may be considered in three segments:
large captive shops, small captive shops and job shops. The large
captive shop is usually a divison of a major manufacturer whose
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product requires metal finished products in quantity. These shops
are to be found generally in the automative or appliance industries
and are noteworthy by the size of their metal finishing facilities
and magnitudes of their daily production and chemical consumption.
The small captive shops are usually minor adjuncts to their parent
industries. Their role is to supply metal finished incidentals to
the principal products. The job shops exists solely on profits
accrued from metal finishing. Jobs are accepted on contract and
the shop must be prepared to serve a variety of industries. They
are required to keep abreast of all changes in metal finishing
technology and products' end use requirements.

2.2 Mechanical Processes (5)

2.2.1 Sand Blasting

Sand blasting, or more properly abrasive blasting, is a process
where abrasive materials are directed at parts in order to clean
them, give them a better finish, or otherwise change the surface
characteristics. The wide range of abrasives used indicates that
the method is no longer limited to the use of sand as an abrasive.
The abrasives may be applied dry, either mechanically or by air, or
wet in a slurry. The operation is generally carried out in a
cabinet and will range from infrequent cleaning or honing of tools
to very high volume production. The materials used for dry
blasting will include steel shot; slag products; aluminium oxide;
silicon carbide; natural products such as garnet and pumice;
agricultural products, such as ground corn cobs; and glass beads.
Dry blasting is usually preceded by a cleaning operation to prevent
too frequent disposal of the abrasive. In wet blasting the
abrasive is suspended in a slurry which will contain wetting
agent, rust inhibitors, and anti-settling agents. As in dry
blasting, pre-cleaning of the work pieces is usually done to
minimize disposal frequency.

2.2.2 Tumbling

Tumbling or burnishing is a process performed by placing the work
in a barrel and rotating i t with or without abrasives, dry or wet.
I ts purposes are to deburr, descale, polish, burnish or to dry
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production parts. Submerged tumbling barrels are perforated and
rotate in an open tank containing water, wetting and cleaning
agents. Disposal of this liquid with accumulated soil is
necessary periodically, with the frequency dependent on production
rates and amount of soil.

2.2.3 Vibratory Finishing

When the volume of production permits, or particular shape of
finish demands it, vibratory finishing is used as a preference to
tumbling. As with tumbling the work being finished may be
plastic, rubber, metal or ceramic. Vibratory machines give an
oscillating motion to the entire load which consists of the parts,
abrasive media, water and chemical compounds. The media used in
both tumbling and vibratory finishing including aluminium
oxide; silicon carbide; steel balls, and other steel
shapes; corundum, and other natural abrasives; granite; limestone;
and quartzite. The liquids used in both tumbling and vibratory
machines will vary in pH from 1 to 14. The acidic compounds are
used for descaling or derusting. Alkaline liquids are used when
metal removal by mechanical action is desired; neutral liquids are
used when burnishng is required.

2.2.4 Polishing and Buffing

These processes, along with grinding, describe the operations
performed on workpieces using wheels and abrasives. Grinding
removes substantial quantities of material from the workpiece,
polishing removes some material but leaves fine lines and buffing
smooths the work and leaves a lustre. Grinding operations use
hard fabricated wheels containing a variety of abrasives, both
natural and synthetic. The operation generates particles of grit
from the wheel as it wears metal from the workpiece. Polishing is
performed by wheels made of muslin, canvas, felt, or leather.
Abrasive grains are attached to the wheel by proprietary adhesives
or hide glues. The most widely used abrasives for both polishing
and grinding are aluminium oxide and silicon carbide. Some
natural grits such as emery are used for specific purposes.
Continuous belts made of woven cloth with factory applied abrasives
are widely used with the belt running over a cushioned contact
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wheel. Buffing wheels may be made of sisal, muslin, flannel, and
occasionally wool. Chemical treatments are applied to the
material to impart cutting characteristics or to increase
wearability. Abrasives used include natural products such as
tripoli and synthetic aluminium oxide and silicon carbide. In
each of the above operations substantial exhaust systems are
required and particles of abrasives, metal, cloth and lubricants
are carried to cyclones or water scrubbers for removal. In the
instance of scrubbers the resultant slurry must be discharged.

2.3 Physical Metal Coating (6)

Galvanizing or hot dip zinc coating is the most widely used
physical process since it provides an inexpensive corrosion
resistant surface. Aluminium coating of steel is finding
increasing use, and lead and tin are also used. In all of these
applications the metal is prepared by a cleaning processes that may
include alkaline cleaners and will include hydrochloric and/or
sulphuric acid for pickling and cleaning. A typical sequence for
galvanising would be two 102 sulphuric acid dips, water rinse, zinc
ammonium chloride flux dip and galvanize.

2.4 Non-Metall ic Coating (6)

Painting is the most widely used metal finishing process and its
application is well understood. The various preliminary cleaning
and precoat processes are covered below under chemical processes.
Plastic powder coatings have been finding increased usage and in
many applications are replacing paint or metallic coatings.
Preparation of the workpiece is similar to that for paint in its
use of chemicals for cleaning and surface preparation. Each of
these processes has potential disposal problems in materials
retained by wash water spray booths.
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2.5 Chemical Processes (6)

2.5.1 Chemical Cleaning

Vapour degreasing is a process used to remove soils soluble in a
solvent and other foreign matter which may be entrapped but which
will be loosened by the solvent and washed away by the liquid
action as the vapour condenses. The solvents most frequently used
are trichlorethylene, perchlorethylene, and methylene chloride.

The accumulation of soil necessitates periodic cleanout of sludge.
If the volume is sufficient, the contaminated solvent may be
recovered by distillation.

Four classes of soak cleaning can be used:-

(a) Emulsifiable solvents, emulsion cleaners and diphase cleaners
are used to remove gross soil from the work. These contain
petroleum or organic solvents. The operation is performed
in tanks and the cleaners function by emulsifying and
dissolving the solids, which settle to the bottom of the
tank.

(b) Detergents which contain buffering salts, sequestering
agents, dispersants, inhibitors, wetting agents and/or soaps
are a second category of cleaners. Detergents wet,
emulsify, disperse and solubilize the soil.

(c) Alkaline cleaners contain sodium hydroxide, silicates, and
carbonates along with the dispersing agents and surface
active agents.

(d) Acid cleaners are used to remove oil and metal oxides and to
produce light phosphate coatings. They may be either
inorganic or organic, such as phosphoric acid or gluconic
acid. They are used with water miscible solvents, and
organic wetting and emulsifying agents.
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Pickling is primarily used to remove scale, rust and solder from a

variety of metals. Acids used include nitric, hydrochloric,

hydrofluoric, sulphuric, chromic, acetic, and phosphoric acids.

Inhibitors are frequently used to minimize attack on the metal.

Concentrations will vary from 5% to 50? by volume. Scale

loosening may be performed by solutions of potassium permanganate

and caustic soda or soda ash followed by pickling.

2.5.2 Stripping of metallic coatings

This operation is used to salvage parts which have been rejected as

a result of the faulty application of a finish. Chemicals are

chosen which will remove the coating quickly with a minimum attack

on the basic metal. Reverse electric current is frequently used

in conjunction with the desired chemical.

Typical stripping baths include:

(a) Hydrochloric or sulphuric acid;

tb) Sodium hydroxide and sodium carbonate;

(c) Phosphoric acid with triethanolamine;

(d) Sodium cyanide and sodium hydroxide;

(e) Nitric acid;
(f) Phosphoric acid and chromic acid;

(g) Nitric acid and hydrofluoric acid.

2.5.3 Phosphating

Phosphating is a process designed to change a relatively unstable

metallic surface into a stable, absorptive, non-metallic surface.

The surface will also be non-conductive, an important factor in

reducing corrosion.

The industrial applications are:

(a) To improve corrosion resistance under paint and to provide a

superior bonding surface.

(d) To improve metal forming capability such as in extrusions,

and to provide a base for lubricants.
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(c) To improve the corrosion resistance of metals by providing a

base for waxes and oils.

The basic chemicals used are zinc and iron phosphates with
phosphoric acid. Manganese phosphates are occasionally used for
extreme conditions. Concentrations vary from 5-10* by volume.

2.5.4 Chromating

Chromating is used on certain metals to produce a coating that is
corrosion resistant, a good base for painting, or a decorative
finish.

The bath is always acidic, containing hexavalent chromium compounds
such as chromic acid plus organic or inorganic compounds which
serve as activators or catalysts. The pH of the baths will range
from less than 1 to 3. As the dissolved metal and trivalent
chromium contamination increases it is periodically necessary under
present technology to dispose of the bath. The frequency of
disposal is influenced by the attention given to bath control,

2.5.5 Electroless plating

Immersion plating is the simplest form of electroless plating and

the best known application is t inning. A great variety of

household utensils are treated with this process and i t is widely

used industr ia l ly . Electroless plating may also take place by

chemical reduction or auto-catalytic reduction. The lat ter

process is now widely used in depositing a metal layer on plastic

so that the part may be subsequently electroplated. Of the metals

that may be deposited this way the largest application is with

copper and nickel. In addit ion, copper is used as a deposit on

c i r cu i t boards, and nickel on moulds or dies. In the la t ter case

nickel imparts hardness, natural lubr ic i ty and anti-gal l ing

characteristics.

In the application of either copper or nickel as the substrate in

the plating of p last ics, a pre-plate procedure is required. This

process includes the application of strong etchants, such as
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chromic acid, acid neutralisers, catalysts and accelerators. The

catalyst will most likely be palladium chloride and the accelerator

a stannous chloride solution. The copper plating bath will

probably be an alkaline copper nitrate with formaldehyde as a major

component. The nickel bath will be nickel chloride with a

hypophosphite and a glycollate and it will be strongly acid.

2.5.6 Bright Dipping

Bright dipping is a special application of pickling, performed on

aluminium, cadmium, copper, steel, zinc and stainless steel.

Because of the vigorous chemical action of pickling and bright

dipping, a heavy metal load accumulates in the baths and periodic

disposal is required.

Mild acid baths with a concentration of 5% or less are used for

light etching to improve adhesion of coatings and for surface

activation.

2.5.7 Metal Colouring

A wide variety of colouring effects are obtained on metals by using

dips, e.g., antiqueing and the blueing of gun barrels

Host of the antiqueing effects are obtained from alkaline sulphide

solutions and thiosulphates. One formula for gun blueing contains

copper sulphate, mercuric chloride, ferric chloride, nitric acid

and denatured alcohol.

If present in any quantity in an effluent the sulphides may

interfere with waste treatment.
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2.6 Electrolyt ic Processes (6)

2.6.1 Electrocleaning

Electrocleaning is a process used as a final preparation of parts
after heavy soil has been removed by any of the cleaning processes
mentioned above. The operation takes place in a heavy duty
alkaline solution and the work may be anodic, cathodic or
alternating between each condition. As in all the electrochemical
processes that will be described the electrical source will be
direct current at relatively low voltages and high amperages. The
function of electrocleaning is to remove remaining soil and to make
the surface chemically active.

2.6.2 Anodizing

Anodizing is a process used to produce an oxide on a metal in a
controlled manner. Its purpose is to give the base metal a
corrosion resistant surface with some capability for resisting
abrasion. It will also present a surface capable of accepting
other finishes and, particularly in the case of aluminium, for
accepting dyes. While some limited anodizing is performed on
zinc, by far the greatest amount is done on aluminium. For alloys
of aluminium with less than 5% copper the operation will take place
in a chromic acid solution and for those with more than 5% copper
it will take place in sulphuric acid. A typical chromic acid bath
will have 50 - 100 g/1 of chromic acid with some chloride and
sulphate ions present. A sulphuric acid bath will have 15-20S
sulphuric acid. The work is anodic and the anodizing may be
followed by a sealing bath containing 45 g/1 sodium dichromate.
A typical process sequence for anodizing might be: vapour or
alkaline soak degreasing - electroclean - acid dip - electropolish
- or chemical polish - anodise and seal; with appropriate rinsing
between each stage. The chemical polish will be 85% phosphoric
and 15% nitric acid.
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2,6.3 Electroplating

Electroplating is the electro-deposition of an adherent metallic
coating upon an electrode, which is the workpiece, for the purpose
of obtaining a surface with properties or dimensions different from
those of the basic metal. These properties may include
improvement of appearance, corrosion protection, wear resistance,
etc. The operation takes place in aqueous solutions containing
the metal ion to be plated. The work piece is cathodic and in
most instances the metal ion is constantly replenished from an
anode containing the metal. A notable exception is chromium where
the anode is insoluble and metal ions are replenished by additions
of chromic acid.

Electroplating must be preceded by cleaning and activating
operations and a typical sequence would be:
(a) vapour degrease or soak clean in an emulsion or detergent

cleaner

(b) spray clean in a detergent cleaner
(c) electroclean in an alkaline cleaner

(d) sulphuric acid dip
(e) electroplate
(f) electroclean
(g) sulphuric acid dip
(h) second electroplate

Rinsing would follow each process stage except (a).

There may be a single electroplate only and it may or may not be

followed by a chemical dip such as sodium dichromate or an

oxidising agent. The former would be most likely on zinc or cadium

and the latter on copper or brass. Additional layers of

electroplate may also be applied. For example in the plating of

zinc die castings, two layers of copper, and one or two layers of

nickel and chromium are applied.

Typical acid plating baths are shown below in Table 2.1.
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TABLE 2.1 Typical Acid Plating Baths 16)

Chromic Acid

Sulphuric Acid

Metal Sulphate

Metal CM or Ida

Copper Flouborata

Boric Acid

Phenol Sulphonlc Acid

Sodium Acetate

Aluminium chloride

Sodium Chloride

Br1gh+ener

Temperature °C

Chromium

200

1.5

40-50

Copper 1

60

200

organic

room

N1 eke 1

350

45

40

organic

45-60

Copper 2

350

20-50

Zinc 1

1B0

45

25-50

Zinc 2

140

25

250

room

Tin

55

40

40

tconcentrations expressed In g/U

The following notes apply to acid plating baths:-

ta) the above chromic acid bath would contain traces of fluoride
and some baths may be operated with up to 400 g/1 chromic
acid.

(b) black chromium is finding increasing application for
non-reflecting surfaces and for this acetic acid is used in a
1:1 ratio with chromic acid.

(c) hard chromium plating differs from decorative plating only in
the thickness of the plate. In order to impart this hardness
over softer metals, the thickness must be over 0,04 mm.

(d) acid copper plating is finding increasing use as new
developments improving levelling action make i t useful in
plating unbuffed plastic and other parts.



(e) the brighteners used in nickel plating impart the appearance
characteristics and grain structure of the deposit. While
low in concentration, their organic nature may interfere with
a waste treatment or recovery system.

(f) nickel is also plated from a sulphamate bath where control of
internal stress and fatigue is important.

{g) nickel plating is one of the most widely used and is most
often found as part of a multi-layer system. It has the
combined characteristics of hardness, appearance and
corrosion resistance.

(h) zinc plated from cyanide baths has a better appearance than
that plated from acid baths, but the acid bath is cheaper to
operate. Sulphate baths are used to plate on malleable iron
and strip steel. Chloride and alkaline baths are now on the
market. They give a good appearance and are being offered
as substitutes for cyanide zinc plating.

(i) tin plating from acid baths finds its main application in
strip and wire plating.

Typical cyanide plating baths are shown in Table 2.2.
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TABLE 2.2 Cyanide Pla t ing Baths (6)

Metal Cyanide

Cadmium Oxide

Sodium Hydroxide

Potassium

Hydroxide

Roche 1le Salt

Sodium Carbonate

Potassium

Carbonate

Potassium

Stannate

Tin Metal

Polysulphtdo

Sodium Cyanide

Potassium

Cyanide

Brlghteners

Tenperature OQ

Low CN

Zinc

75

no

40

Org./

Met.

Room

Zinc

12

90

4

Org./

Met.

Room

Cadmium

22

15

30-75

1

80

Org./

Met.

Room

Copper 1

25

4

45

35

Organic

60

Copper 2

75

30

100

Organic

60

High Speed

Gold

2

7

01 pot

Phos

65

SI Iver

75

3

15

90

35-50

T i n

25

400

160

80

(concentrations expressed In g/1)
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The following notes apply to cyanide plating baths:

(a) zinc plating from cyanide baths is one of the most used
plating operations. While it is primarily used for
corrosion protection, post-plating treatments can produce a
decorative appearance.

(b) low cyanide baths require more care in operation.

(c) Cadmium, while more expensive than zinc is used where
superior corrosion protection is required. Improvements in
the corrosion resistance of zinc and the use of chemical
treatment systems has, in some cases, made cadmium plating
unnecessary, since equivalent corrosion protection can be
provided.

(d) cadmium has not lent itself readily to low cyanide
formulations.

(e) copper plating from cyanide baths is always used in plating
zinc die castings.

(f) the two formulations of copper, (1) and (2) above, are
frequently found in successive baths with no rinse between.

(g) brass plating is a mixture of zinc and copper solutions.
Cyanide levels tend to be higher.

(h) gold's application as a decorative plate is well known and
the formulation shown is for this type. Industrial uses are
increasing rapidly and production line techniques are being
introduced.

(i) silver is also finding increasing industrial application in
the electronics field.

Zinc is also plated from alkaline non-cyanide baths. This process
has not widely replaced the traditional cyanide baths because of
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the greater difficulty In cleaning, especially in older

facilities.

Copper is plated from pyrophosphate baths as a substitute for the
higher concentration cyanide copper bath.

2.6.4 Electropolishing

This process, which is the reverse of plating, removes metal from
the working surface. The effect is to smooth and brighten the
surface and in some applications it is used for deburring.

Baths contain a variety of chemicals, depending on the metal being
polished and the desired effect.

The bath may contain any of the following chemicals:
(a) Fluoboric acid {Alzac process on aluminium)
(b) Sulphuric and hydrofluoric acid
(c) Phosphoric acid
(d) Chromic acid
(e) Arsenic acid

(f) Tri-sodium phosphate
(g) Ammonium phosphate
(h) Nickel sulphate

(i) Hydrochloric acid and glycerine

2.6.5 Electrocoating

Electrocoating or electrophoresis is a process in which an organic
coating Is deposited electrolytically. When dc current is applied
in a bath where the work is cathodic there is a migration of
pigment and resin particles to the part. The excess paint is
washed from the surface of the part as in other chemical
treatments. Paints used will include 8-10? solids, surfactants
and possibly organic solvents. The pH will be between 7 and 10.

2.6.6 Electroforming

Electroforming is a process using plating solutions to deposit a

layer of metal of such thickness as to have structural strength of
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its own. It is used for paint masks and other applications where
a configuration must be closely followed.

2.6.7 Composition and Lifetime of Plating Baths

Tables 2.3 to 2.7 (27) indicate the nature and range of metals and
other toxic substances in plating solutions. Where the acid
radicals are not toxic, only the metal concentrations are given.
In Table 2.3 the concentration of cyanide is expressed as CN and
includes both simple and complex cyanide. Chromium plating
solutions (Table 2.4) contain hexavalent chrome (chromic acid) and
catylists (sulphuric acid and sodium fluosilicate). Acid plating
solutions (Table 2.5) are based principally on sulphates or
chlorides. The free acid concentrations are indicated where they
are high. Fluoborate based solutions (Table 2.6), are used for
depositing cadmium, copper, lead, nickel, tin, zinc and a number of
alloys. These solutions are only used for special purposes. The
composition of acid anodising baths is given in Table 2.7, they are
all very acidic.

Certain concentrated bath have limited lifetime and must be
discarded periodically (Table 2.8). Procedures are available (18)
to clean most contaminated plating solutions.
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TABLE 2.3 Cyanide-Based Solutions (7)

Plating Solutions

Copper

Zinc

Cadmiurn

Si lver

Brass

Bronze

Tin-Zinc

General range

Total cyanide as

15 to 52

4 to 64

20 to 67

12 to 60

16 to 48

40 to 40

12 to 18

of concentration

g/1 CN metal

7
8

15

13

Cu 6

Zn 2

Cu 30

Sn 15

Sn 25

Zn 1

of

in

to

to

to

to

to

to

to

to

to

to

g/ i

40

50

25

45

25

13

35

20

30

2

TABLE 2.4 Chromium-plating Solutions (7)

Type of solution

Bright chromium-plating

Hard chromium-plating

Concentration in g/1

Chromic acid

192 to 520

270 to 308

as Cr

100 to 270

140 to 160
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TABLE 2.5 Acid-Plat ing Solut ions (7)

Plating solution

Copper

Zinc

Nickel

Tin

Zinc chloride

General

free acid

45

60

as

to

to

range

H2S04

55

138

of

in

concentration

g/i metal

50

70

40

21

131

of

in

to

to

to

to

to

g/i

52

80

90

34

145

TABLE 2.6 Fluoborate-Based Solutions (7)

Type of solution

Tin
Lead

Tin-lead

Zinc

General

fluoborate

160

125

125

255

range

as BF4

to 210

to 184

to 150

to 265

of concentration

in g/1 metal

75
90

Sn 7

Pb 25

80

of

in

to
to

to

to

to

g/i

85

100

60

88

85
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TABLE 2.7 Typical Anodizing Solutions (7)

Constituent

Sulphuric acid (H2S04)
or Oxalic acid (H2C2O4)
or Chromic acid (as CrO3)

Chlorides (as Cl~)

Aluminium, dissolved (as Al)

Concentration

100 to 275 g/1

30 to 100 g/1

80 to 100 g/1

max. 20 mg/l

max. 15 to 18 g/1
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TABLE 2.8 Typical Lifetimes of Cconcentrated Plating Solutions (7)

Bath

Alkaline cleaners

Chromic/Nitric

Acid Passivation

of Galvanising

Acid dip

(Zinc die castings)

Zinc and Copper

Cyanide

Chromic acid

Plating solutions

Nickel

Anodising baths

Life

4-6 weeks

2-3 weeks

1-2 months

up to 25 years

up to 25 years

up to 25 years

depends on application

Comments

cyanides could be
present

2-4 g/1 Zn

failure to remove

carbonates will

reduce bath life

the following

contaminants will

reduce life if not

removed :-

reducing agents,

foreign cations

(Fe, Zn etc)

chlorides and

sulphates

can be cleaned

life determined by
aluminium limit of

12 to 45 g/1
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2.7 Effluent Sources and Characteristics (9)

Contaminants in the effluent from electroplating shops originate in
several ways. The most obvious source of pollution is the
drag-out of various processing baths into subsequent rinses. The
amount of pollutants contributed by drag-out is a function of such
factors as the design of the racks or barrels carrying the parts to
be plated, the shape of the parts, plating procedures and several
interrelated parameters of the process solution, including
concentration of toxic chemicals, temperature, viscosity and
surface tension.

With conventional rinsing tehniques, drag-out losses from process
solutions result in large volumes of rinse water contaminated with
relatively dilute concentrations of cyanide and metals. Rinse
waters that follow plating solutions typically contain 15 mg/1 to
100 mg/1 of the metal being plated (Table 2.9).

Most job shops operate several plating lines that contain different
types of cleaning and electroplating baths, such as zinc, copper,
nickel, cadmium and chromium. The combined rinse waters dilute
the concentrations of individual metals, usually to less than 50
mg/1. The results of a survey of effluent from 22 electroplaters
in the Cleveland (USA) area are presented in Table 2.10 (10).

The iflO (11) have issued the following guidelines (Table 2.11 and
Table 2.12) for calculating the effluent from electroplating
installations.

Another source of effluent contamination is discarded process
solutions. These solutions are primarily spend alkaline and acid
cleaners used for surface preparation of parts before
electroplating. The solutions are not usually made up of metals,
however, there are a few cleaners that contain cyanide. Plating
baths and other process solutions containing high metal
concentrations, such as chromate solutions, are rarely discarded.



TABLE 2.9 Principal Const!-tuenis and Concentrations In 1he

Untreoied Ef f luent from Metal F Ininshlng Processes (6)

34

Constl tuent

Cu2+

N.2 +

Cr5+

Cr3 +

Zn2+

Cd2+

Sn2+

GIT1

so4"2

o f 1

CO3-2

s io3"2

P O 4 " 3

OrganIcs

PI a ting on

steel

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

PI a ting on

Zinc

X

X

X

X

X

X

X

X

X

X

X .

X

Plat ing on

Brass

X

X

X

X

X

X

X

X

X

X

X

Plat ing on

Plastics

X

X

X

X

X

X

X

X

X

Anodlstng

X

X

X

X

X

Cone

mg/l

1 - 10

5 - 5 0

2 - 1 5

10 - 120

0,1 - 1,0

10 - 50

10 - 50

0,1 - 20

1 - 50

15 - 25

1 - 250

10 - 50

3 0 - 5 0

20 - 50

0,1 - 1,0
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TABLE 2.10 Effluent Characteristics of 22 Cleveland (USA)
Electroplating Shops (12)

Pollutant

Cyanide, total

Copper

Nickel

Chromium, total

Zinc

Lead

Cadmi urn

Effluent concentration (mg/1)

Minimum

0.1

0,1

0.1

0,1

0,4

0.1

0,1

Maximum

95,9

47,2 •

52,2

17B.0

101.4

3,0

24.3

Average

14,4

4.7

5.7

20,2

19,3

0.4

4.3

TABLE 2.11 Raw Waste Calculation from Quantity of Anode
Used (11)

Cu

Ni
Cr2°3
Zn

Cd

Sn

Waste Volume

nr / ton metal plated

1 403

1 519

36 300

1 815

883

1 125

Waste Mass

kg/ton metal plated

9,77 Cu and 20 CM^1J

3,98 Ni

743 C r ( t o t a l ) and 297 Cr6+

224 Zn and 32.5 CN

Unknown Cd and 12,7 CN

Unknown Sn

(1) if a cyanide bath is used
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TABLE 2.12 Effluent Production based on Electricity Consumed or,Area Plated (ll)

Bath

Copper

Nickel

Chrome

Zinc

Cyanide

(any metal)

Waste Volume

(m3/Amp-h)

1,67

1,66

1,66

1,52

Dry Waste

(mg/Amp-h)

11,6

4,35

13,6 Cr+6 +

34 Cr (total)

205

23,8

Waste Volume
(m3/m2 plated)

94

103

95

93

Dry Waste

(mg/m2 plated)

658

270

918 Cr+6 +

1 946 total Cr

1 333
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The amount of pollutants contributed to the total pollution load by discarded
process solutions varies considerably among plating shops. It is not
uncommon to find cyanide and heavy metals in concentrations of several
thousand milligrams per liter of spend solutions. This contamination is
caused by drag-in from previous process cycles and attack of the basic metals
by the chemicals in the cleaning solutions. Tables 2.13, 2.14 and 2.15
presents an analysis of typical process solutions.

TABLE 2.13 Analysis of Typical Process Solutions that are

Dumped Periodically (12)

Pollutant or Parameter

Volume (kl>

Cyanide, total (mg/1)

Cadmium lmg/1)

Chromium, total lrng/1)

Copper tmg/1)

Nickel (mg/1)

Lead (mg/1)

Zinc (mg/1)

AlkalIns Cleaner

1

1,26

2,5

0,2

40,0

58,1

6,9

4,4

1,2

2

1,35

85,5

2,6

19,4

0,9

74,0

3

1,32

2,8

0,4

0,1

10,9

0,7

162,0

Electrocleaner

1,52

1,3

0,8

36,5

1.9

5,2

1,9

10,5

i

0,25

6,4

39,2

12,1

128,0

11,6

365,0

tatd Dip

2

0,20

0,1

10,8

0,1

0,6

0,1

5 240,0

3

0,64

1 990,0



38

TABLE 2.14 Composition of Raw Waste Stream from Common

Metal Plating (12)

Constituent

Copper

Nickel

Chromium

Total

Hexavalent

Zinc

Cyanide

Total

Amenable to chlor inat ion

Fluorides

Cadmiurn

Lead

Iron

Tin

Phosphorous

Total Suspended Solids

Range

0,032

0,019

0,088

0,005

0,112

0,005

0,003

0,022

0,007

0,663

0,41

0,060

0,020

0,100

(rag/1)

- 272,5

- 2 954

- 526

- 335

- 252

- 150

- 130

- 142

21,6

25,4

- 1 482

- 103

- 144

- 9 970

TABLE 2.15 Aluminium Anodising - Eff luent Analysis (13)

Total solids

Suspended solids

Zinc

Aluminium

COD

Chloride

Iron

Sulphate

1 200

150

0,07

180

17

22

2

93

- 2 500

- 890

0,18

- 200

35

48

46

- 5 200

Al l values in mg/1
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Accidental spills, leaks and drips of process solutions also can
contribute significantly to effluent contamination. The plating
room usually is laid out so that the entire area drains on the
floor, which is only an extension of the sewer system leaving the
facility. Although it is not common for a tank to spring a leak
that would allow the entire solution to leak away undetected, a
slow leak amounting to a solution loss of 38 to 76 1/d could go
undetected for months in many shops. Also, it is not unusual to
compensate for evaporation losses in a process tank by adding water
to a process solution with an unattended hose that causes overflow
of the solution to the floor drains.

In some shops, the dropping of plated parts is a significant source
of pollution. Process solution tanks and rinse tanks often are
separated by a distance of several meters or more. Carrying the
racks of parts between tanks will cause plating solution or
drag-out to drip on the floor and enter the drain system.

Other sources of contaminants from electroplating shops exist ;
however, they are not as universally present as the preceding waste
sources. Additional pollution sources include sludges from the
bottom of plating baths generated during chemical purification,
backwash from plating tank filter systems, and stripping
solutions.

The percentage contributed by each pollution source to the
pollutant concentration of the final effluent can vary
substantially among electroplating shops. For shops whose primary
process is chrome plating (copper-nickel-chromium), drag-out
usually will be the major cause of metal loss. At facilities that
engage in large nickel plating operations, more nickel is lost from
the operation of the chemical purification filters and through the
discharge of sludge from the bottom of tanks after purification of
the plating solution than through normal drag-out. The main
contribution to the effluent metal concentration in zinc or cadmium
plating is the metal that is either stripped off the danglers or
crack tips in the acid dip step of the cleaning cycle or removed
from the work in dichromating.
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Although some shops may have a higher contribution of pollutants

from other sources, in almost every case, the most significant

pollution problem is drag-out and the resultant contaminated rinse

water. The size and cost of pollution control equipment depend

primarily on wastewater volumetric flow rate. Because the volumes

of rinse water are overwhelmingly larger than the volumes of all

other waste sources, it follows that contaminated rinse water is

the major source of pollution. A survey in Cleveland showed that

the average rate of rinse water discharged from 22 electroplating

shops was 70 000 1/d, whereas spent process solution accounted for

only 230 1/d (10).

Electroplating shops should concentrate on drag-out and rinse

waters during the planning stages of pollution control.

The amount of metal sludges produced after precipitation by sodium

hydroxide are given in Table 2.16 (14).

TABLE 2.16 Sludge Generated and Sludge Disposal Volume for

Electroplating Waste Treatment System (14)

Waste Metal

Components

Aluminium

Cadminium

Chromium

Copper

Iron

Nickel

Zinc

Dry Solids

kg/kg metal
precipitated

2,89

1,30

1,98

1,53

1,61

1,58

1,52

Sludge

(gal/lb metal

Generated

3% solids

11,2

5,0

7,7
5,9

6,2

6,1

5,9

precipitated)

Dewatered

259S solids

1,14

0,51

0,79

0,60

0,63

0,62

0,60

Using sodium hydroxide
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CHAPTER 3. LITERATURE SURVEY - EFFLUENT TREATMENT PROCESSES

3.1 Conventional Method

The effluent can be divided into two classifications for treatment

(a) continuous flows - all rinses, small swills and washes
(b) periodic dumps - process solution dumps, filter cleaning and

ion exchange regeneration.

All effluent streams that are of a relatively high concentration or
are discharged at high rates should be stored in buffer tanks prior

to pretreatment or gradual discharge into the final treatment
system.

Individual effluents are segregated (Figure 3.1) and certain
streams are pretreated prior to release to the final precipitation
plant.

(a) non toxic rinses and washes flow directly to the final

treatment plant

(b) non toxic dumps are released at a controlled rate to the final

treatment plant.

(c) toxic dumps and rinses are pretreated prior to controlled

release to the final treatment plant.

The Best Practical Technology (BPT) for the treatment of metal
finishing effluent (15) consists of :-

segregation and destruction of oxidisable cyanide,
segregation and reduction of hexavalent chrome,
equalisation of the different streams and precipitation of the

metals
settling of suspended solids

separation and disposal of the sludges.



Chrome waste
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CHROMIUM REDUCTION

Acid/alkali
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Metals and other contaminants in the supernatant and final effluent

are expected to be at or below the levels shown in Table 3.1 (15,

16 and 17).

The current trend towards chelating agents and the more extensive

use of brighteners has resulted in the need for alternative

effluent treatment systems in order to reduce heavy metal

concentrations to acceptable limits.

TABLE 3.1 Expected Levels of Contaminants in Final Effluent
after Chemical Treatment (17)

pH
Total Suspended

Cd
Cr+6

Cr (total)

Cu
N i •

Pb

Zn
Fe
CN (oxidisable)

CN (total)

6.0 - 9,5

Solids 20 - 50

Total

(dissolved and undissolved)

1,5

0,5

1,0

1,0

2.0

1,5

2,0

2,0

0,1

1,0

Dissolved

0,2

0,1

0,5

0,5

1,0
0,5

1,0

1,0

0,1

0,1

All values except pH, in mg/1
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3.1.1 Rinsing and Drag-out Control

The size and cost of pol lut ion control equipment depends primarily

on wastewater volumetric flowrate. Rinse water flows are much

greater than any other eff luent source in a plating factory.

In addit ion, the plating solution entering the rinse tanks in many

cases can represent as much as 50 - 90S of the plating solution

consumed in the plating process. The concentration of the dragout

entering the f i r s t rinse tank is identical to the plating bath

solution. Consequently the reduction of drag-out and rinse water

usage is the f i r s t phase in the insta l lat ion of any effluent

treatment system.

Typical figures of dragout associated with di f ferent shapes and

draining times are given in Table 3.2 below:

TABLE 3.2 Plating Drag-Out (8)

Vertical parts ;

Vertical parts ;

Vertical parts ;

Horizontal parts;

Horizontal parts;

Cup shaped parts;

well drained

poorly drained

very

well

very

very

poorly drained

drained

poorly drained

poorly drained

ml/m2

15

80

160

30

400

325-1000

Assuming good rinsing ef f ic iency, the concentration of dragout from

a rinse tank is the same as the concentration of rinse water in

that tank. The concentration of dragout can be ' decreased

sat isfactor i ly using one rinse tank and a high rinse water flow

rate; however additional rinse tanks are usually included to reduce

the quantity of rinse water used.
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The volume of rinse water will depend on many factors, such as
volume and concentration of dragout, number of counter-current
rinse tanks, rinsing efficiency and the final concentration of
plating chemicals permissible on the product after rinsing.
Usually the concentration of plating chemicals adhering to the work
piece after final rinsing will be in the range 5 to 50 mg/1,
although some plating operations require final concentrations of
dissolved solids as low as 1 mg/1. Typical concentrations of
total dissolved solids in final rinses are 16 mg/1 for chrome
plating, 45 mg/1 for nickel plating and 50 mg/1 for cyanide
plating.

The arrangement and number of rinse tanks is usually dependent on
economics and space limitations. Typically, one to five rinse
tanks are used. For a given number of rinse tanks, a counter
current rinse system will minimise the consumption of rinse water.
In this arrangement, the first rinse tank has the highest
concentration of plating chemicals.

The ratio of rinse water volumetric flow rate to dragout volumetric
flow rate is defined as the rinse ratio (r). The relationship
between the number of rinse tanks, the rinse ratio and the
resultant dilution in the rinse tanks is (8, 29) :-

(1)

Where number of rinse tanks

p plating bath concentration
C n concentration in the last rinse bath
r rinse ratio

This relationship is shown in Figure 3.2 which also shows the
potential recovery of dragout chemicals if the rinse water were to
be recycled.
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The percentage potential recovery is given by :-

percentage potential recovery =

1 - x 100 (2)
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a Cn- concentration in final rinse;
Cp = concentration in process bath;
n = number of rinse tanks.

i^inse ratfo=gal rinse water/gal
drag—out

Note.—This graph shows rinse ratios
for countercurrent rinse systems.
For series rinse systems, multiply the
rinse ratio for a countercurrent
arrangement with the same number
of tanks, e.g., two—stage countercurrent
rinse with Cp /Cn = 104 has a rinse ratio
of 100 gal/gal. But, with the two—stage
series the required rinse ratio is
100 X 2 = 200 (gaf rinse water/gal drag-out).

tlgwie. 3.2 : Estimating, fiin^e. Ratio* BaAed on D/iag-0ut and tinal
Ri Con.centM.atJ.oa fLo/t Multiple.-1ank flinsie S t



The different levels of potential chemical recovery over a range of

rinse ratios and for one and two counter rinse tanks is shown in

Figure 3.3. For example, if chemical recovery were from one rinse

tank only and the rinse ratio were 10 then the potential plating

chemicals that could be recovered is 90S. If the rinse ratio were

to be raised to 40 only an additional 7,5J potential recovery would

be possible. If two counter current rinse tanks were used then at

a rinse ratio of 10 the potential chemical recovery would be 991.

If the product quality (concentration of plating chemicals adhering

on the work piece) is fixed then the relation between rinse ratio

and number of rinse tanks is given by :-

(3)

Assume a chrome plating tank operating at 300 g/1 and a final rinse

concentration of 15 mg/1, (Cp/cn) would be 20 000. The effect of

increasing the number of counter current rinse baths on the rinse

ratio required to meet the required product specification is given

in Table 3.3.

TABLE 3.3 The Effect of the Number of Rinse Tanks

on the Rinse Water Requirements

Rinse Tanks

1

2

3

4

5

Rinse

20

Ratios

000

141

27

12

7
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Recycle Rinse Ratio (r)

3r — recycle rinse (gal/h) - drag-out (ga!/h).
;— r (recycle rinse flow) = surface evaporation from bath.

n = number of counterflow rinse tanks in recovery use.
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The total mass flow of pollutants requiring treatment would remain

constant, however, the volume of eff luent requiring treatment would

be greatly reduced as the number of rinse tanks increases. The

physical size of the eff luent treatment equipment could be

decreased and the cost of pH adjustment chemicals would be

reduced.

The mass flow of pollutants from a relat ively valuable plating

solution can be decreased by drag-out recovery system. The use of

drag-out tanks usually results in less water savings than i f that

tank were used in either series or counter-current r insing, however

the mass of pollutant discharged is decreased. The hotter the

plating bath ( i . e . the greater the evaporation rate) the more

attract ive drag-out recovery becomes. A total of f i f teen

di f ferent rinsing configurations (Figure 3.4) have been evaluated

by the US EPA (18) for water usage and eff luent loadings. The

results of the analysis of Watts Nickel system are reproduced in

Table 3.4. The following conclusions were drawn from the above

analysis.

(1) Single overflow rinses require extremely high flow rates to
meet good rinsing c r i te r ia even at low drag-out rates.

( i i ) Multiple rinse tanks can produce s igni f icant cost savings,

( i i i ) With low recycle ratios (1,37 or less) drag-out recovery is

impractical because of high water requirements, unless three

or more drag-out tanks are used or series rinsing follows

drag-out,

( iv) With recycle ratios of 2,75 or greater a l l additional tanks

should be used as drag-out tanks rather than in parallel or

series arrangements.

(v) Drag-in/drag-out systems usually must include series

r insing. The series systems become cost effective at

recycle rates or below 1,25.

(vi) Plating baths that operate at lower temperatures have lower

evaporation rates and offer fewer opportunities for rinsing
recovery.

( v i i ) When the evaporation rate in the plat ing bath is low the

most cost effect solution may be the concentration of the

drag-out rinse i t s e l f , such as by evaporation, ion exchange,

reverse osmosis etc before replacement in the plating tank.
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ONE RINSE TANK

T
Conflgurailon 1:

Single overflow

THREE RINSE TANKS

Can figuration 5:

Throe— stage parallel

FOUR RINSE TANKS

1
T
Configuration 10:

Foui—aiaga porailal

TWO RINSE TANKS

Configuration 2:

Two—at age parallel

Configuration 3:

Two-staga aortas

Configuration 6:
Three— stage series

i 1

VtVtl

\

«*IVT
C.v.

Configuration 7:

Two drag—out, on*
overflow

ru
Configuration 8:

One drag—out, two—stage
series

Configuration 11:
Four-Btage Bonos

Configuration 12:

Three drag-out, on«
overflew

1
T

Configuration 13:
Two drag—out, two—stage

series

Configuration 4:

One drag-out, one

overflow
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Drag—In/drag—out, one

overflow

Configuration 14:

One drag—out, throe— stags
series

I T
Configuration 15;

Drag-fn/drag—out, two—stags
aeries

Note.—Decreasing heights of shading show that metals
concentrations decrease.

(•-Lgwie. 3 A : 'RinAlng. Conp.gwiati.on
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TABLE 3.4 Evaluation of Watts Nickel Plating System

Configuration

1

2

3

4
5

6

7
8

9

10
11
12
13
14
15

Water

Usage

gal/h

28,9

1,4

0,7

6.4 .
0,6

0,2

2,0

0,4

6,2

'0,4

0,1

0,9
0,3

0,2

0,3

Plating Chemicals

Lost

lb/yr

2 950

2 950

2 950

650

2 950

2 950

177

650

649

2 950

2 950

91

177

650

649

Total Cost

$/year

38 598

23 668

23 284

9 819

23 469

23 248

4 024

6 773

9 989

23 598

23 432

2 995

3 325

6 903

6 958

Parameter for the above analysis :

Plating bath concentration

Operating Temperature

Surface Area of Plating bath

Max. cone, in final rinse

Cost of water and sewage ($/l 000 US gal)

Cost of a rinse tank ($/year)

Cost of treatment chemicals ($/lb Mi)

($/l 000 gal effluent) 0,21

Cost of sludge disposal ($/lb Ni) 1,15

Plating chemicals ($/lb Ni) 6,35

Deionised Water ($/year) 1 080

(All costs are 1981 US dollars)

85 g/1

60 °C

2,5 m2

50 mg/1

$2,00

240

0,18
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The factors that influence the rate of drag-out include :-

(i) the velocity at which the work pieces are withdrawn from

the plating tanks.

(ii) the geometry of the work pieces,

(iii) the positioning of the work pieces on the rack.

(iv) the drainage time allowed over the tank,

(v) the viscosity and density of the process solutions,

(vi) the temperature of the solution.

Adherance to the following points will reduce drag-out to a

minimum :-

(i) the use of the minimum concentration of all plating

chemicals that will enable the proper operations of the

plating bath.

(ii) the operation of the bath at as a high a temperatures as

is possible,

(iii) if there is a choice of two chemicals use the one with

the greatest density and lowest surface tension.

(iv) the use of wetting agents,

(v) long time intervals are more profitably spent on a slow

withdrawal from a plating bath rather than on a long

draining period,

{vi) the racking objects such as to minimise drag-out.

3.1.2 Cyanide Removal

All effluent streams containing cyanide pass to the cyanide

oxidation plant. The usual oxidation process is achieved by

alkaline chlorination

2NaCN + 5C12 + 12NaOH = 2Na2C03 + IQNaCl + N2 + 6H2O

The chlorine can be supplied as a gas or as a sodium

hypochlorite solution, small installations would utilise sodium

hypochlorite solutions which while being more expensive than

chlorine gas is more convenient to use. The high capital cost
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of a chlorine gas insta l la t ion is offset by low running costs in

larger plants.

3.1.3 Hexavalent Chrome Removal

Hexavalent chrome (Cr(6))is far more toxic and d i f f i c u l t to

remove by conventional precipitat ion than t r iva lent chrome hence

a l l streams containing hexavalent chrome are reduced to

t r iva lent chrome prior to subsequent treatment in the

precipitat ion plant.

The reduction of hexavalent chrome is carried out in acid

solutions with a variety of chemicals.

(a) Sulphur dioxide gas

2CrO3 + 3so2 =

(b) Sodium metabisulphite and sulphuric acid

2CrO3 + 3Na2S2O5 + 3H20 = 3Na2S04 + 2Cr2(504)3 + 3H

(c) Sodium bisulphite and sulphuric acid

4Crt>3 + 6NaHSO3 + 3H2S04 . 3Na2S04 + 2 C r0 2 ( s 0 4 ) 3 • 6H2O

(d) Sodium sulphite and sulphuric acid

2CrO3 + 3M32S03 + 3H2SO4 = 3Na2S04 + Cr2(S04)3 + 3H20

(e) Ferrous sulphate and sulphuric acid

2Cr03+6FeS047H20+6H2S04 = 3Fe2(S04)3+Cr2(S04)3+48H20

The chemical cost of the last process is approximately double

that of the other four (19).

The hexavalent chrome can be reduced in an alkaline medium (at a

high cost) by using
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(f) sodium hydrosulphite and sodium hydroxide.

+ 6NaOH = 6NazS03 + 2Cr(0H)3

The chemical cost of the above process is about 4 times that of
the processes (a) to (d).

3.1.4 Heavy Metal precipitation

Metal salts from simple inorganic compounds will tend to become
insoluble in the neutral pH range, but not all metals will
precipitate on neutralization and not all metals will
precipitate at the same pH point and to the same extent. In
view of the low discharge limits with regard to soluble metal
content of a metal-finishing effluent, the initial problem is
the selection of the optimum pH for precipitation. Some of
metals are amphoteric, and therefore are soluble at alkaline pH
values; examples of such metals are aluminium and zinc. Other
metals require a relatively high pH to reach minimum solubility;
this category would include nickel and copper.

With mixed waste streams, the best pH for the most complete
separation will be that which limits the content of the most
toxic of the metal salts and for which the regulatory limits are
the most stringent. To meet regulatory requirements, it may be
necessary to segregate streams to allow the best pH conditions
for the particular metals to be precipitated. As a general
rule, pH 8.0-8.5 is better (although not truly neutral) than is
a pH closer to 7.00. Figure 3.5 shows some typical examples of
the pH conditions at which the particular metals will be found
at minimum concentration (9).

The presence of other dissolved salts affect the solubility of
the metal hydroxides. Table 3.5 lists the metal content at
various pH values if the precipitation occurs in either
distilled water or hard water. Some of the metals may form
more insoluble compounds when precipitated as carbonates rather
than as the hydroxides. Chelating agents, organic acid salts,
and the various wetting agents sometimes encountered in a mixed
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rinse-water stream may make the quantitative precipitation of

the various metals impossible.

100

1 2 3 4- 5 6 7 a 9 10 11 12

pH

SOURCE: U.S. Environmental Protection Agency, Waste Treatment:
Upgrading Matai—Finishing Facilities To Reduce Pollution,
EPA 625/3-73-002. July 1973.

F-Lgwie. 3.5 : ffie.cJLpLtakJLon. of. Metal Salt* VGA-UIA pH
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TABLE 3.5 Metal Residue after precipitation in Distilled and

Hard Water (20)

pH

6.5

7.0

8,0

8.5

9.0

10,0

F*

Distilled

mg/l

0

0

0

0

0

0

Hard

mg/i

0.B

,4

0

0

0

0

u\

Distilled

mg/|

18

16,5

12,5

3,5

2

0

Hard

mg/l

19,2

18,9

10,8

2,3

,6

0

Cr3

Distilled

mg/l

18

15

5,3

1,5

,4

0

Precipitation

Hard

mg/l

17,B

13,7

7,1

5

3,4

,3

Zn

Distilled

mg/l

19

18

3,3

0

1,5

19,5

Hard

mg/l

18,5

17,8

9,1

1,6

1,5

3,4

Cd

DIstilled

ng/l

19

18,5

15

3,5

,7

,3

Hard

mg/l

19,2

18,4

15,2

4,8

,9

0

Distilled

mg/l

B

1,3

,5

,2

0

0

Hard

mg/l

11

5,8

2,4

1,7

1,2

,4

3.1.5 Centralised Waste Treatment System

The United State EPA has conducted a study on treating metal
finishing effluents in centralised facilities (21). These
centralised treatment schemes may assume various forms. One
alternative is regionalised central treatment, in which all platers
economically capable of shipping their waste use a facility
designed to serve their region. Another alternative, group
treatment, involves a facility owned and operated by a relatively
small number of platers in close proximity. In the "plating city"
centralised concept several platers may move into new facilities
incorporating equipment for joint treatment of waste water.
Various methods are available to individual plating shops for
interacting with a centralised treatment facility.

Although many factors effect the economics, generalised studies
show that substantial savings can be attained when more than 10
facilities are combined.
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Previous studies of group treatment have shown that intercompany

and other institutional barriers have interfered with firms

reaching a mutually satisfactory joint arrangement. Questions

related to allocating basic waste loads, allocating costs and

appropriate siting, interfered with the implementation of these

plans. However new US government financing alternatives and the

increased likelihood of significant pretreatment requirements

combined with toxic sludge discharge regulations have all increased

the incentives for this system.

The projected investment required with and without group treatment

for the 10 firms were given as follows (1980 US $)

In-plant investment without

group treatment 1 229 864

In-plant investment with

group treatment 215 673

Capital cost of group

treatment plant 287 991

503 664

Capital Saving 726 200

The capital cost of the group treatment facility was broken down as

follows:

Chemical Oxidation

Physico-chemical treatment

Sludge dewatering

Storage

Laboratory, shelter, etc.

Total

23

72

42

36

113

$287

059

496

772

066

598

991
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3.2 Specialised Methods

3.2.1 Cementation

Cementation (22) is the displacement of a metal from solution by a
metal higher in the electromotive series, the definition can be
expanded to cover reduction of any ionic species by contact with a
metal of higher oxidation potential whether the reduced species is
precipitated or not.

It can be used for precipitating silver from photographic
processing solutions, the precipitation of copper from printed
circuit etching solutions, the reduction of hexavalent chrome in
waste streams from chrome plating, iriditing and chrome-inhibited
cooling water blow-down. Zinc, aluminium and other metals having
relatively high oxidation potentials may be utilised as reactants
in place of iron. Alloys of certain alkaline earth metals
(calcium, magnesium and barium) have been used (23).

Batch reactors using iron shot and feed solutions of 100 mg/1
copper or 100 mg/1 Cr(6) at a loading of 450 g copper or Cr(6) per
m2 area of iron reduced the concentration of Cu and Cr(6) by 99* in
less than 10 minutes

Continuous reactors with a residence time of 20 minutes achieved a
99$ reduction in both copper and hexavalent chrome for feed
solutions containing 100 mg/1 of copper or hexavalent chrome (24).

3.2.2 Sulphide Precipitation

Sulphide precipitation has been demonstrated to be an effective
alternative to hydroxide precipitation (25) for removing various
heavy metals from industrial waste waters. The high reactivity of
sulphides with heavy metal ions and the insolubility of the heavy
metal sulphides over a broad pH range are attractive features
compared with the hydroxide precipitation process Figure 3.6.
Sulphide precipitation can also achieve low metal solubilities in
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the presence of certain complexing and chelating agents. There

are two methods of adding the sulphide to the waste water.

(a) soluble sulphide precipitation (SSP)
(b) s l ight ly soluble sulphide precipitation (SSSP)

In the soluble sulphide precipitation process the sulphide is added

to the waste water in the form of a water soluble sulphide reagent

such as sodium sulphide (Na2S) or SOdium hydrosulphide (NaHS).

Operational problems with this process in controlling reagent

demand so as to prevent overdose and the associated odour problem

have been overcome by the use of a sulphide ion selective electrode

to control the addition of the soluble sulphide. In addition the

formulation of polyelectrolyte conditioners that effectively

flocculate the fine metal sulphide particles has eliminated the

difficulty in separating the precipitants from the discharge and

has resulted in sludges that are easily dewatered.

The slightly soluble sulphide precipitation process uses a freshly

prepared ferrous sulphide solution (prepared by reacting FeSO^ anci

NaHS) as the source of sulphide ions needed to precipitate the

metals from the wastewater. The process operates on the principle

that FeS will dissociate into ferrous ions and sulphide ions to the

degree predicted by its solubility product. As sulphide ions are

consumed, additional FeS will dissociate to maintain the

equilibrium concentration of sulphide ions. In alkaline solutions

the ferrous ions will precipitate as ferrous hydroxide. Because

most heavy metals have sulphides less soluble than ferrous

sulphide, they will precipitate as metal sulphides.
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An advantages of the SSSP is the absence of any detectable hydrogen
sulphide odour. Secondly, the SSSP will reduce hexavalent chrome
to the trivalent state under the same conditions required for metal
precipitation thus eliminating the need to segregate and pretreat
chrome waste streams.

Disadvantages of SSSP is that the process requires considerably
greater than stoichiometric reagent consumption and produces a
significantly greater volume of sludge than either the hydroxide or
SSP processes.

Figure 3.7 compares typical process flow diagrams of a hydroxide
treatment system and both types of sulphide systems. Most of the
elements of the sulphide system are common to the hydroxide

precipitation treatment process. The sulphide treatment process

also can be used as a polishing system after a conventional

hydroxide precipitation/clarification process to significantly

reduce the consumption of sulphide reagent.

The final disposal of the sludge is an open question in that
although the metal ion Teachability is lower for sulphides than
hydroxides the long term effects of weathering and bacterial and
air oxidation of sulphide sludges has not been evaluated.

The potential hazard of sulphides coming in contact with acids with
the evolution of toxic Hgs fumes emphasises the need to control a
low sulphide residual in the discharge.

3.2.3 Lancy Integrated System

The integrated system (26, 27) consists of a recirculated chemical

treatment wash solution integrated into the metal fnishing process

line. Parts being removed from a toxic process solution are

rinsed in this treatment wash solution before being rinsed in water

(Figure 3.8). This approach greatly reduces the input of

dissolved salts to the rinse water (compared to conventional

rinsing) hence far less water is required to accomplish

satisfactory rinsing and reductions in rinse water usage of up to
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80S can be achieved. As the toxic dragout solutions are not
diluted and the neutralisation takes place in the presence of a
high excess of treatment chemicals the resulting precipitates are
more dense and settle faster compared to the usual method of
settling similar precipitates from dilute rinse water.
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The treatment wash solutions must be chemically formulated to suit
the particular contaminant for which it is intended and separate
closed loop systems must be provided for each type of contaminant.
The following types of contaminants can be treated :

(i) Cyanide compounds such as sodium and potassim cyanide and
also their metal complexes with zinc, cadmium, copper,
silver and gold,

(ii) Chromic acid wastes containing high concentrations of
chromic acid.

(iii) Chromate compounds containing low concentrations of
chromate chemicals.

(iv) Nickel from sulphate and chloride based solutions,
(v) Copper from acid solutions such as sulphuric/nitric bright

dips, acid copper plating solutions, and chelated copper
complex plating solutions as used in the plating of
plastics.

The chemistry of these systems is as follows:

Cyanide

2NaCN + BNaOH + 5C12 = 10Naci + 2C02 + N2 + 4H20

Chromium I

2H2cr04 + 3S02 = Cr2(S04)3 + 2H20

Chromium II

+2H20 = Cr2(0H)4C03 + 3Na2S04 + 2C02

and

2Na2CrO4 + 3Na2S2O4 + Na2CO3 + 2H20 = Cr2(0H)4C03 +
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Nickel

2MiS04 + 2NaOH + Na2C03 = Ni2(0H)2C03 + Na2S04

Copper

CuS04 + H2SO4 + Na2S204 + BNaOH =

The Chrome II treatment solution contains both reducing and

neutralising chemicals. It is used as a single step treatment

wash after low concentration chromate dips. The Chrome I

treatment solution is operated at a low pH range and can thus use a

much less expensive reducing agent than can the Chrome II system.

Following highly concentrated chrome processing solutions, the

Chrome I treatment wash is used first to accomplish reduction of

the hexavalent chrome solution economically. The Chrome II wash,

which follows, then neutralises the acidic Chrome I film and

precipitates the trivalent chrome as the basic carbonate. The

system is summarised in Table 3.6.
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TABLE 3.6 Summary of Integrated Treatment Systems

System

Cyanide

Chrome I

Chrome II

Nickel

Copper

Process Treated

Zinc, Cadmium

Copper, Silver and

Gold plating

Chromium plating

Etching of Plastics

Chromium plating

chromate dipping

of Zinc, Cadmium

and aluminium ;

Etching of Plastics ;

Chromic acid

anodising

Nickel plating

Acid copper plating

Copper and Brass

bright dipping

Treatment Chemicals

and Concentration

Chlorine gas

800 - 2 500 mg/1

Caustic Soda

pH 11 - 12,8

Sulphur dioxide gas

1 000 - 2 500 mg/1

Sodium Hydro sulphite

200 - 500 mg/1
Sodium Carbonate

pH 7,5 - 8,5

Sodium Carbonate

pH 8,5 - 9,5

Sodium Hydroxide

Sodium Hydrosulphite

500 - 700 mg/1

Caustic Soda

pH 8,5 - 9,5

Metals

Precipitated

Zinc Cadmium

Copper Gold

Chromium

Zinc

Cadmi urn

Aluminium

Nickel

Copper

Zinc
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The total dissolved solids concentration in the integrated
treatment solutions (typically 75-120 g/1) is much lower than in
the preceding process baths {typically 250-400 g/1) and the volume
of the solution film carried on a given work piece is the same when
it emerges from either solution. The TDS of the effluent from a
plating shop which incorporates an Integrated System is lower than
the TDS in the effluent from a similar stjop which treats its
effluent in the conventional manner. This is because the volume
of effluent treated in the latter case is much larger than in the
Integrated System and although both systems require an excess of
reagents (acids, bases, precipitants etc) the larger volumes which
are associated with the conventional treatement plant results in a
greater mass of reagent addition. The actual TDS load from the
Integrated System is about 25S of that from a conventional system.

Modifications to the process include adding harmless cations such
as calcium and magnesium to preferential displace cadmium or copper
from certain chelating containing rinses and the substitution of
the more stable hydrazine hydrate in place of sodium hydrosulfite
as the reducing agent.

The average effluent analysis over a year following the

implementation of the Integrated system is given in Table 3.7.

TABLE 3.7 Average Effluent Analysis after
Treatment by the Integrated System

PH

CN

Cr (iv)
Cr ( i i i )

Cu
Ni

Zn
Cd

7,8

0,03
0.02

0,01

0.09
0.21

1,12
0.25

All values, except pH, in mg/1
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3.2.4 Ozone Treatment

Ozone can be used as an alternative to chlorine in the oxidation of

cyanide (28). The cyanide ion is oxidised to cyanate which is

then hydrolysed to carbon dioxide and ammonia.

CN" + 0 3 a CNO- + °2

CNO- + 2H2o = C02 + NH3 + 0H~

The use of ozone has been hampered by both the equipment used for

treatment and the nature of ozone itself. The advantages of ozone

over chlorine are :-

(i) no reagent storage necessary

(ii) operation at ambient temperature

(iii) process is well suited to automation.

A case study has been presented (28) in which mixed effluent from a

bumper refurbishing and recycling plating shop was treated by ozone

and rotary vacuum filtration. The effluent contained nickel,

chrome, copper, cyanide and iron. The hexavalent chrome was

reduced to trivalent chrome with sodium bisulfite and the pH was

increased to 10,5 to 11,5 by lime addition. The effluent

containing suspended metal hydroxides and cyanide was then

contacted with ozone in a spinning bowl reactor. The high speed

of the bowl (40 000 rpm) atomised the effluent increasing the

contact surface area between the effluent and the ozone. The

suspended solids were removed on a rotary vacuum filter. The high

solids content of the sludge (75%) was due to the formation of

metal oxides which had a lower degree of hydration compared to the

corresponding metal hydroxide. The effluent on which the system

was evaluated was very dilute and data on more concentrated

effluent was unobtainable. A summary of operating results are

presented in Table 3.8.
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Table 3.8 Effluent Treatment using Lime and Ozone

Cyanide

Total Chrome

Copper

Nickel

TSS

pH

Influent

1,02

1,41

9,45

20,32

135

6,4

Effluent

0,08

0,40

0,05

0,13

11,6

8,4

% Removal

92

72

99

99

91

All concentrations except pH in mg/1.

The capital costs (1980) of a 5,85 m3/h and 23,4 m3/h plant were

given as $200 000 and $250 000 (4 800 hours/year operation). The

operating costs were calculated to be $56 650 and $89 190 per year

or $2,02 and $0,79 per m3 respectively.

3.3 Evaporation

Evaporation achieves recovery by distilling waste water until there
is a sufficient concentration of plating chemicals to allow reuse
In the plating operation. Because of the thermal energy costs of
the operation, evaporators are not usually considered for recovery
of plating chemicals from diluted waste waters. Reverse osmosis
can be used to preconcentrate the rinse wter prior to evaporation.
Four types of evaporators are used by the electroplating industry
(29):-

(a) rising film evaporators
(b) flash evaporators using waste heat

(c) submerged tube evaporators
(d) atmospheric evaporators
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Site specific conditions and the mode of operation influence the
selection of one system over another. The steam requirements can
be significantly reduced by installing multiple effect evaporators
or by using mechanical recompression. Vacuum evaporators lower
the boiling point of the solution and therefore decreases the rate
of cyanide decomposition. It also reduced the amount of carbon
dioxide absorption and air entrainment.

3.3.1 Rising Film Evaporators

Rising film evaporators consists of a reboiler, seperator and
condensor. The reboiler is a shell-and-tube heat exchanger in
which heat from low pressure steam or hot water is transfered to
the wastewater Figure 3.9. Because plating chemicals are
susceptible to degradation at high temperatures the evaporation is
carried out under a vacuum such that the boiling temperature of 40°
to 85°C is achieved. The fast rate at which heat is transferred
to the thin film minimises crystalisation and precipitation on the
heat exchange surfaces resulting in lower maintenance and higher
heat transfer efficiency. The wastewater leaves the reboiler as a
vapour droplet mixture which enters the separator which separates
the two phases. The vapour is then condensed and removed from the
system as distillate. The liquid phase is recirculated through
the reboiler until the concentration of the plating solution
reaches a preset level. The evaporator can operate in either a
continuous or batch mode.
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3.3.2 Flash Evaporators

Flash evaporators are of the same basic design as rising film
evaporators. The main difference is that plating solution from
the plating batch is recirculated continuously through the
evaporator. During the plating operation the temperature of the
plating bath increases because of the electrolytic process. As an
alternative to the installation of cooling coils, the recirculation
of the contents of the plating bath through the flash evaporator
provides most of the energy required for evaporation of the
wastewater and cools the plating bath solution as well. Because
the quantity of heat provided by the flash cooling of the plating
bath solution is small compared to the latent heat provided by
steam heating, flash evaporation usually is limited to large, high
temperature installations.

3.3.3 Submerged Tube Evaporator

Submerged tube evaporators operate on a slightly different
principle from that of film or flash evaporators for supplying
thermal energy to the wastewater. A single effect unit consists
of one vessel that includes internal heating coils for evaporation,
a moisture separator and cooling coils for condensing water vapour.
Figure 3.10 The wastewater is not recirculated, unlike that of
rising film and flash evaporators. The reduced operating pressure
is created by diverting some of the cooling water through an
eductor. The cost for submerged tube evaporators is lower than
that for rising film or flash untis primarily because of the
integrated evaporation/condensation single-unit design. although
the thermal demand is the same as rising film units the cooling
water requirement are greater.

3.3.4 Atmospheric Evaporation

Atmospheric evaporators Figure 3.11 do not recover distillate for

reuse nor operate under a vacuum. Wastewater is evaporated by
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allowing it to humidify air passing through a packed tower. The
humidified air is exhausted to atmosphere eliminating the need for
cooling water and a condenser. The concentrate from the reservoir
is recirculated through the packed tower after passing through a
heat exchange which raises the temperature to about 70°C. Because
the exhaust air removes some of the heat supplied by the wastewater
heat exchanger this type of unit requires approximately 20S more
steam than do evaporators of other designs. Deionised water must
be used in the rinse tanks to minimise scale deposits during
evaporation.

The payback period for closed loop treatment of chromic acid
plating dragout (7,57 1/h at 300 g/1 and 5 000 hour/year) assuming
a rinse water flow of 187 1/h was 4,9 years. If the evaporator
was used to concentrate the static dragout tank only the payback
would be 3,4 years and the untreated effluent flow would be 257 1/h
at 750 mg/1 chromic acid.
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3.4 Membrane Processes

Membrane processes of commercial interest are : -

(a) pressure-driven

( i ) Hyperf i l t rat ion (HF) or Reverse Osmosis (RO) is used

for the desalination of water i .e . the removal of

sal ts. Two main types of membrane are available :

those for brackish water (2-8 g/1 TDS) and those for

seawater (35 g/1 TDS).

( i i ) U l t r a f i l t r a t i o n (UF) is used for the'separation of a

range of macromolecules (nominal molecular weight

cut-offs of 1 000 up to 300 000.). The operating

pressures are below 1 MPa.

( i i i ) Cross-flow microf i l t ra t ion (CFMF) for the

separation of col loidal and large macromolecular

solutions. These membranes pass smaller molecules

and the solvent (aqueous) phase. Normally low

pressures, below 1 MPa, are used.

(b) Electrically-Driven

(i) Electrodialysis (ED) uses ion exchange membranes for
the transport of ions through the membrane under a
dc electric field, normally ED is used for brackish
water desalination, but is also capable of
concentrating highly saline solutions (200 g/1
TDS).

(ii) Reversal Electrodialysis (EDR) uses changes in

polarity and flow at periodic intervals so that

salts are transferred in opposite directions across

the membranes. This overcomes many scaling and

fouling problems.
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3.4.1 Reverse Osmosis

In reverse osmosis a pressurised saline solution is separated from
the solutes and flows through an appropriate membrane. The permeate
(product), which generally emerges at near atmospheric pressure, is
reduced in salt content while the feed solution concommitantly
increases in salt concentration. For brackish waters the operating
pressure is generally 2,5 to 4,0 MPa and for seawater 5,5 to 6,5
MPa. These pressures are used to provide reasonable membrane flux
rates and to overcome osmotic back pressure Figure 3.12. The flux
equation is :-

J = k.A. ( A P - Air )

where

J = membrane flux (eg l/m3h)

k = membrane permeability constant
A - membrane area
A P - applied pressure gradient
&n = osmotic pressure gradient.

The elements of the process are shown in Figure 3.13. The
cross-flow nature of the system produces two streams - permeate and
brine or concentrate and prevents the build-up of the rejected
species at the separation surface.

The following types of membranes are available:

( i ) Cellulose Acetate

Normally cellulose di-acetate is used and an assymetric

membrane with a dense skin is produced. This is the
rejection surface and is usually 0,2-0,5 % of the total

membrane thickness.

Available in spiral, hollow f ine-f ibre, plate and frame and
tubular configurations. Although i t has several
limitations, i t is s t i l l the most widely used membrane
material.
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Physical limits are a temperature of about 30"C and a pH
range of 4-7, but the membrane has reasonable chlorine
resistance. It is subject to compaction and microbial
attack and does not have a high rejection for organic
species, it can only be cleaned with mild chemical
solutions.

(ii) Polyamide Hollow Fine-Fibre

This is used in the Dupont Permasep module and although the
membrane has a low permeability, it has a very high packing
density. The modules have similar production rates to
spiral modules on both a cost and physical space basis.

Temperature limit is 40 °C and the pH range is 4-10. The

membrane has zero chlorine resistance.

(iii) Thin Film Composites (TFC)

This membrane technology was pioneered by UOP Fluid Systems
in 1977 and consists of a porous support (usually
polysulphone) onto which is laid a separate rejection layer
by polymerisation. The UOP PA-300 membrane is only 0,00005
mm thick compared to the 0.05 mm of the base layer. This
membrane has a temperature limit of 45 "C and a pH range of
3-10. It has no chlorine resistance. Rejection of organics
is relatively good.

Several other companies are now producing similar

membranes :-

FilmTec FT30 (which claims chlorine resistance)
Teijin PBIL
Tor ay
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(iv) Dynamic Membranes

These are formed in situ by solution chemistry on porous
tubes (e.g. stainless steel). They have not been widely
developed on a commercial basis and have been mainly used
for industrial effluent applications. They may have
potential for the treatment of highly fouling wastewaters
as the membranes are easily replaced at low cost.

Reverse osmosis offers potential in the following metal finishing
applications: reclamation of plating salts; treatment of total
plant effluent; recovery of Cl specific solutes; production of
pure water; and alkali cleaner recovery.

Plating salts in the rinse effluent can be concentrated by reverse
osmosis and returned to the plating bath. The concentration at
which the plating chemicals are recycled is limited by the osmotic
pressure of the solution hence in practice RO has to be used in
conjunction with evaporation. The natural evaporation from hot
baths (e.g. Watts nickel) is sufficient and supplementary
evaporation is not required.

Because RO membranes reject most organic brighteners along with, the

plating salts, RO cannot be used for dual nickel applications.

The capital cost (34) of an RO system for recovering nickel rinse
water (2250 mg/1 nickel salts) is $600 per cubic meter per day
(1980 prices). Operating costs range from $0,20 to $0,54 per
cubic meter of feed water.

The complete factory effluent can be treated by reverse osmosis.

The salts and organic chemicals can be concentrated 20 fold and the

permeate recycled to the rinse baths.

The volume of concentrate produced from the reverse osmosis plant
would be about 5* of the feed volume and could be treated by
hydroxide or sulphide precipitation. The filtered sludge would be
suitable for disposal in an approved land fill site and the
filtrate recycled to the reverse osmosis plant.
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The advantages of reverse osmosis for the end of line treatment of

plating effluents are:-

(i) both free and chelated metals are rejected and concentrated

by the membrane,

(ii) the permeate could be reused in the plating process,

(iii) the amount of chemicals required for the hydroxide or
sulphide precipitation of the concentrate would be
reduced.

A series of experiments were conducted for the US EPA to evaluate
the application of R.O. to plating chemical recovery (30, 31).
These experiments examined the performance and life of membranes
that were commercially available, as well as advanced membranes
with promising applicability.

A summary of the tests using commercially available membranes
(1976) is presented in Table 3.9. More recent tests carried out
with the FilmTec FT 30 membrane on zinc and silver cyanide electro
plating rinse water over a pH range of 8 to 12 indicate a cation
rejection of 98 to 99%. Cyanide rejections at pH 11 to 12 were 92
to 95%. The advantage of the FT 30 membrane over the earlier
membranes is its higher flux, wider pH tolerance, higher salt
rejection and higher temperature stability. This membrane is
susceptible to "poisoning" by nonionic and cationic detergents and
class 2 nickel bath brighteners (32).



84

Table 3.9 Existing Demonstrated Commercial Application of R.O. in
Metal Finishing Industry
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of filtration in gravity flltarv vacuum DE tiltan and 5 um eartndgi lillar.
pH ad|uitm«n: to S-6 t>nw to RO laad. Oangnad loriaro diicnargi to

ar. Plant ttart-un approximataty March. 1977.

Ufa wai a minimum ol IB montni. At'
ttwugti fagulady bacn-tluiriad, than n t grtdua.1 loul-
tog ol mantorena. Eiparwncad cormtlon innde w
ban itatl lhall ot prauura maal . SnouM t» italn-
M o ataai, plastic, or llbanjsai.

No lion ol marnbma fouling ao far. Normal oparal-
Ing tlma is 1S-J4 hr»d*y. Cumuiilhra ooarallng tlma
ainca ita/I-up i l ran hour). Haplaca oraliltars avtry
3-4 day*. No pnwlam at algaa growth In nnH tanM.

Addtlnc

Coppar cyanlda

Brlgrit nlcfca*

Acidcopotf

PolyarmdaJ
beJiow libar

Polyamidaf
hollow libar

PotyimldAl
hollow tlbar

PotyainirJaJ
hollow ItUtr

g appnnrmatarv 13-16 montnt mam-
brana Ilia. Uilng cttma acid bullarad ammonium hy-
droiida to waah aach ilasa onca a waak. lunhar back
Ituahlng la dona on aach moouH av«ry rnontn. Avar-
aga oparuing lima n about 13 hounMay. Uuimum
lampaniunt n 85 "F.

Avaraga oparatlng lima about 72 hnJday.

Appmlmata nwnsrana Ilia I* SVt yaan. No bade
HuaMnn dona al all. Raolacn prallllari anea par
wa«h on lha avaraga, Awtnga oparalion t hn/d«y. a
daynMraaak.

Manibnna Ilia approiknataly S yaari. Ho
tluahtng dona. Haplacat prallllan onca par
Avaraga ooa ration B hnMay. S d*mV*aa*i.

Opantlan 11 hr/dar mailmum. bactana ana Hffw
growtn n a proolam. Ciaanlng wtin lormKoattrda it
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Hypochhxita adutlon uaad vraty 2-3 montni to con-
trol lurthar algaa growtn.

Mambnna Ilia aoaroitmatalr 3 v a n . Normal ooara-
tkm Id ftnJoay. i dayafwaak. ociaratlDn sv ona angi-
naaf par mitt plua ona laborar. no maior pruolami

A review of existing reverse osmosis installations (1983) has been

compiled (34) and is reproduced below.

3.4.1.1 Nickel Installations (33)

There are at least 150 systems operating on various nickel baths,

mostly utilizing cellulose acetate membrane elements and with

recoveries in the range of 90 - 97*. The relatively high

evaporation rate resulting from the elevated bath temperature

generally allows complete recycle of the concentrate stream as well

as the permeate stream.



TABLE 3.10 Recovery of Nickel by Reverse Osmosis (33)
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Type
of

Bath

Watts

Watts

Watts

Watts

Watts

Watts

Watts

Watts

Watts

Watts

Watts

Bright
Nickel

Bright
Nickel

Bright
Nickel

Membrane
Element

Spiral Cellulose
Acetate

Spiral Cellulose
Acetate

Spiral Cellulose
Acetate

Spiral Cellulose
Acetate

Spiral Cellulose
Acetate

Spiral Cellulose
Acetate

Spiral Cellulose
Acetate

Spiral Cellulose
Acetate

Spiral Cellulose
Acetate

Spiral Cellulose
Acetate

Spiral Cellulose
Acetate

Spiral Cellulose
Acetate

Spiral Cellulose
Acetate

Spiral Cellulose
Acetate

Membrane
Life

2 years

1 year

1 year

1 year

1.5
years

1,5
years

1 year

2 years

4 years

3 years

1,5
years

1,5
years

2 years

1.5
years

System
Payback

12 months

12 months

16 months

24 months

36 months

24 months

30 months

8 months

11 months

8 months

18 months

14 months

36 months

12 months

Years of
System

Operation

4

5

5

5

7

8

5

6

8

9

6

11

4

5

Items
Plated

Luggage
Hardware

Wire
Shelving

Wire
Shelving

Steel
Stamping

Job Shop

Job Shop

N/A

Electr ical
Devices

Plumbing
Hardware

Steel
Furni ture

Electr ical
Devices

Plumbing
Hardware

N/A

Automoti ve
Bumpers



TABLE 3.10 (continued)
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Type
of

Bath

Bright
Nickel

Bright
Mickel

Sulfamate

Sulfamate

Membrane
Element

Spiral Cellulose
Acetate

Spiral Cellulose
Acetate

Spiral Cellulose
Acetate

Spiral Cellulose
Poly amide

Membrane
Li fe

2 years

1.5
years

2 years

1,5
years

System
Payback

8 months

20 months

13 months

N/A

Years of
System

Operation

9

8

5

3

Items
Plated

Hard Tools

Brass
Stampings

Electrical
Terminals

P.C. Board
Contacts
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3.4.1.2 Copper Sulphate Installations (33)

Approximately 12 reverse osmosis systems are operating on rinses
from proprietary copper foil manufacturing processes,

TABLE 3.11 Recovery of Copper by Reverse Osmosis (33)

Number

of

Systems

10

2

Feed

Flow

(m3/h)

14

9.5

Membrane

Element

Hollow

Fibre,

Polyamide

and

Cellulose

Triacetate

Spiral

wound,

Thin Film

Composite

Concentration

Composite

Waste

Treatment

Reuse

5ystem

Recovery

75%

87.5%

Membrane

Life

1 - 3 years

1 year

Years of

System

Operation

5

7

Pretreatment requirements :

Hollow fibre polyamide element - 1 micron filter catridge

Hollow fibre cellulose triacetate element - 3 micron filter cartridge

Spiral wound thin film composite element - 5 micron filter cartridge
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3.4.1.3 Zinc Sulphate Installations (33)

One reverse osmosis plant is operating on the zinc sulphate rinse
from a proprietary copper foil manufacturing process. The system
utilizes spiral wound thin film composite membrane elements with a
feed rate of 10,5 m3/h and recovery of 87.5X. Although the system
has been in for more than seven years, the thin film composite
element has been in for just over a year and is working well.

The concentrate stream is further reduced in volume in an

evaporator (operating at 90S recovery) and returned to the bath.

3,4.1.4 Brass Cyanide Installations (33)

Approximately five reverse osmosis systems are operating on the

brass cyanide rinses from a proprietary copper foil manufacturing

process. Both polyamide and cellulose triacetate hollow fibre

membrane elements are utilized. Feed rate is approximately 15

m3/h per system at a recovery of 90S. The systems have been

operating for five years and the membrane element life is 3 - 4

years. Pretreatment is one micron filter catridges for the

polyamide elements and 3 micron filter cartridges for the cellulose

triacetate elements.

3.4.1.5 Copper Cyanide Installations (33)

A reverse osmosis plant is operating at a printed circuit contact
plating application in which the first flowing rinse is fed̂  to a
polyamide hollow fibre membrane element at a flowrate of
approximately 50 m3/h. The system operates at approximately 90S
recovery, with a portion of the concentrate recycled to the plating
bath and remainder to the waste treatment system. All of the
permeate Is reused in the rinse stream. The system has been
operating for more than three years. Pretreatment is one micron
filter cartridge followed by activated carbon. Membrane elements
have lasted for 2,5 to 3 years.
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At a medical device plating application with a lead brass substrate
the first rinse fed to a polyamide hollow fibre membrane element.
The system operates at 93S recovery, with approximately one-half of
the concentrate recycled to the plating bath and the rest to the
waste treatment system. All of the permeate is reused in the
rinse stream. The system has been in operation for more than
seven years. Pretreatment is by 1.2 micron filter cartridges
followed by 0,45 micron membrane filters, and the membrane life is
about 4,5 years.

3.4.1.6 Chrome Installations (33)

A copper foil manufacturer has been investigating the use of spiral
wound thin film composite membrane elements for use 1n recovering
hexavalent chrome from the rinses in a proprietary manufacturing
process. Hollow fibre membrane elements lasted only 1 - 2 months
before irreversible fouling, occured spiral wound elements have
performed satisfactorily for over 6 months. Pretreatment
consisted of 5 micron cartridge filtration.

3.4.1.7 Anodising Dye Recovery

The dye rinse water (pH 1 to 2) from the anodic oxidation of
aluminium has been concentrated and recycle for a year using Teijin
PBIL reverse osmosis membranes (45). The pay back period was
given as 2 years. The same type membranes have been used to
preconcentrate rinse water from the plating of silver, gold and
brass.
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3.4.2 Ultrafiltration

Ultrafiltration is a low pressure membrane filtration process used
for separating macro-molecules, colloids, emulsions and suspended
solids from water. A semi-permeable microporous membrane performs
the separation. Water and low molecular weight solutes pass
through the membrane and are removed as permeate. The feed stream
flows parallel to the membrane surface. This cross-flow
characteristic differs from the perpendicular flow of ordinary
filtration. For ordinary filtration, a filter cake builds up on
the filter septum, resulting in frequent filter replacement or
cleaning. In ultrafiltration, the cross-flow conditions prevent
filter cake build up and high filtration rates or fluxes can be
maintained continuously.

Emulsified oils from rinse baths following degreasing (35) or
phosphating tanks can be concentrated by ultrafiltration. The
oily concentrate can be incinerated while the permeate can be
recycled. In certain cases the alkaline cleaner will pass through
the membrane and can be returned back to the process with the
recovered water.

Charged membrane ultrafiltration is a technique for the separation
and concentration of inorganic salts present in aqueous solutions.
The Donnan exclusion mechanism is responsible for salt rejection.
For a membrane containing fixed negative groups, the effect of the
Donnan potential is to repel anions (co-ions) from the membrane,
cations are thus rejected in order to maintain electroneutrality
across the membrane. The rejection of salts is h'igh at low salt
concentrations and decreases at higher salt concentrations. This
process is appropriate for industrial applications requiring water
recycling and reuse in which complete water demineralisation is not
warranted.

The use of Millipore PSAL membranes (negatively charged sulfonic
acid functional groups) for the ultrafiltration metal salts has
been described (36, 37). The projected removal of metal salts
from copper smelting scrubber blowdown at the 90 and 95S water
recovery is given in Table 3.12.
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TABLE 3.12 Removal of Metal Salts from Copper Smelting Scrubber

Blowdown

pH
Suspended Solids

As

Se
Cd

Zn
Cu

Fe

Pb

Hg
Ca

Feed

4,5
600 mg/1

100 mg/1

20 mg/1

10,5 mg/1

86 mg/1

297 mg/1

149 mg/1

39 mg/1

2 mg/1

625 mg/1

90S Water Recovery

0.93

0,90

0,77

0,77

0,86

0,98

0,98

0,93

0,75

Rejection

95S Water Recovery

0,91

0,89

0,73

0,73

0,83

0,97

0,97

0,91

0,71

The estimated net operating cost for a two stage ultrafiltration

system to treat 3m3/h of rinse water (59 mg/1 Ni) from a Watts

nickel bath would be $72O/m3 (1979). The water recovery of 911 and

a nickel rejection 83? would enable both the nickel concentrate and

the permeate to be recycled.

Millipore PTAL negatively-charged membranes were used to remove

charged heavy metal complexes from plating effluent (46). The

rejection of metal is highly dependent on the size and charge of

the complex metal species. The rejections range between 77 to 95%

and decrease as follows:
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Zn(CN)42- > ZntCNhl- and

Cu(EDTA)2- > Cu(CN)32- > CU(C2Q4)2-1.

3.4.3 Cross-Flow Microfiltration (CFMF)

Cross-flow microfiltration differs from conventional barrier
f i l t ra t ion in that the feed flow is parallel to the f i l t e r septum
hence the accumulation of the solids on the f i l t e r medium can be
controlled by the shearing action of the flow (38, 39, 40). Thus,
CFMF offers the possibility of a quasi steady state operation with
nearly constant flux when the driving pressure differential is held
constant. Cross-flow tnicrofiltration removes suspended solids
whereas ul t raf i l t rat ion and reverse osmosis removes macromolecules
or macromolecules and ions in addition to suspended solids. The
f i l t e r tubes can be constructed from porous plastic, fibre glass,
sintered ceramics, metal carbon or woven fabric.

Results obtained (38) using porous plastic tubes for the f i l t rat ion
of effluent produced by the manufacture of lead-acid batteries
indicate that the suspended solids are reduced from 150 g/1 to 3
mg/1, lead from 200 mg/1 to 0,1 mg/1 and similar rejections for
copper, nickel, zinc, arsenic and antimony. Average permeate
fluxes of 401 /m2n were obtained for a water recovery of 85S, the
resulting sludge contained 20-35% w/w suspended solids.

The installation of a cross-flow microfilter results in a self
contained effluent clarif ication system that does not require the
space, liquid flow or retention time associated with typical
clarif ication systems. In a f ie ld evaluation (40) a Hydroperm
system was operated in parallel with a clar i f ier at a metal
finishing firm. The in let pressure to the unit was 140 kPa and
the feed flowrate through the tubes was 2 m/sec. The tubes were
thick walled (1 mm) hollow tubes (6 mm ID) made of thermoplastic
containing micron sized pores. The steady state permeate fluxes
ranged from 170 to 680 l/m2h. The suspended solids in the
permeate was generally below 10 mg/1 and the concentration of
cadmium was less than 0,5 mg/1 (when the pH control was correctly
maintained).
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Cross-flow u l t r a f i l t r a t i o n using micro porous membranes (Memtek)

reduce dissolved metals to 0,05 mg/1. Lancy have introduced a

polypropylene membrane coated with a propr ietory inorganic powder

and is used a f te r sulphide p rec ip i ta t ion to reduce metals to below

0,05 mg/1 (41).

3.4.4 Electrodialysis

Electrodialysis is based on the following points :-

(a) Host of the salts dissolved in water are ionic,

(b) These positive or negatively charged salts are attracted by

an opposite electrical charge, and

(c) menibranes can be devised which will be selective to the type

of charged ion which they will pass c reject i.e. membranes

which pass anions but reject cations ;s an anionic-permeable

membrane.

The electrodialysis process is illustrated in Figure 3.14.

Cothod* (-)

©1

(4) Anoda

j. 1k

ED membranes are flat sheets usually made of a plastic film which

is bondeo to a fabric backing to provide strength. Ion transfer

sites are added to the membrane to give the ionic characteristics.
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Two types of membranes are current ly produced : homogeneous ana

heterogeneous. The former, made by Ion ics , has sites uniformally

d is t r i bu ted through the membrane and the l a t t e r (such as made ty

Mitsubishi ) has discrete charge s i t es .

Membranes come in various sizes and a typ ica l production size is

1 020 x 460 mm. Holes are precut in the membrane to form flow

channels and assembly holes.

Several d i f f e ren t membrane types are produced with varyinc, charge

densi ty , suscep t i b i l i t y to anionic membrane foul ing and tightness

to water f low.

The membrane stack is i l l u s t r a t e d in Figure 3.15 showing d i f f e ren t

stack arrangements. The stack consists of membrane sheets and

spacers to give a l ternate concentrating and d i l u t i ng c e l l s . The

number of stacks, stages and electrodes used is determined by the

design.

Feed In
Concentrate

In
Electrode
Food

( - } Cothoda

(-(-) Anods

Electroda
Feed

Electrode
Waste

Cation Transfer
Membrane

Oemtneraltzed

Flo* Spacer

Concentrate
Flow Spacer

An Ion Transfer
Membrane

Electrode
Waste

Product

Con can trots
Out

3.15 : €-Lec&iocU.cUy.4L4 fliemb/taae Stack
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Electrodes are generally constructed of niobium or titanium with a
platinum coating. Electrode reactions produce hydrogen ions and
oxygen and/or chlorine gas at the anode (positive electrode) and
hydrogen gas and hydroxyl ions at the cathode. A separate stream
is generally used in the space next to the electrodes in each stack
and the by-products of the reactions are confined to these
streams.

In the electrodialysis reversal process the anode and cathode are
electrically reversed several times an hour.

An electrodialysis (ED) system (41) using Ionac MA 3475 and HA 3470
membranes was used to recover and recycle copper cyanide.
Limitations in the concentration ratio that could be achieved
necessitated a two stage ED system linked into a two stage static
rinse system. Each stage maintained a concentration ratio of
128 : 1 i.e. with a plating bath at 52,1 g/1 cyanide the rinse
baths operated at 407 mg/1 and 3,2 mg/1 respectively. All the
cyanide, metal and impurities are returned to the plating bath
necessitating periodic replacement or continuous purification.

The membrane flux was 1,4 l/m2h for a concentration gradient of
16 500 : 1 in a two stage system. The capital cost of the system
to treat 3,78 1/h dragout was $1 600 (1973) and the total power
consumption was 4 kW based on a volt drop of 6 volts per cell
pair.

The electro osmotic transport of water and the transport of counter
ions limit the maximum obtainable copper cyanide concentration to
85 g/1. If the plating bath were operated at an elevated
temperature then evaporation losses would enable a plating bath
concentration of 120 g/1 copper cyanide. The use of anionic
brighteners caused membrane fouling. These results would be
applicable to cyanide baths of zinc, cadmium, silver and gold.

Electrodialysis has been used to recycle dragout from Watts Nickel
plating baths using Neosepta membranes supplied by Tokuyama Soda Co
(42). Two static dragout tanks followed the plating tank.
Electrodialysis treatment of each of the static dragout tanks
maintained the nickel concentration at 2-3 g/1 in the first tank
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and at 0,3 g/1 in the second tank. The concentrate from both
electrodialysis systems was returned to the plating bath. The
nickel concentration in the concentrates were 52 g/1 and 23 g/1
respectively. The usage of raw materials and destruct chemicals
were reduced by over 90S. The payback time for a system operating
for 5 000 h/year would be 2,8 years.

The advantage of ED over R0 is that concentration ration of 50 to
100 fold can be achieved permitting direct return of the
concentrate to the plating bath with out the need for evaporation.
ED is a continuous process and requires no interruption for
regeneration of ion exchange material or disposal of regeneration
solutions as in conventional ion exchange systems.

Teflon based ion exchange membranes (Nafion, Flemion) have enabled

electrodialysis to be carried out under extreme oxidising

conditions. A process has been developed by the US Bureau of

Mines (43) for the one step purification and reoxidation of spent

chromic acid solutions.

The effluent from the sodium dichromate/sulphuric acid pickling of
brass forgings containing copper, zinc and ferric ions together
with trivalent and hexavalent chrome. The cation exchange resin
rejects the chromium ions while allowing the passage of mono and
divalent cations. Under the influence of a dc current the metal
ions are either accumulated and concentrated (zinc, iron) or plated
out as metal on the cathode (copper). The lead alloy anode
oxidises the trivalent chrome to hexavalent chrome as in a plating
bath. The chromic solution is continuously recirculated through
the cell. The installation of the system has resulted in the
pickling solution lasting for over 18 months, previously it was
dumped daily. The payback time was estimated to be 26 months.

A second study (28) indicated that the system exhibited a reliable

performance on a continuous unattended basis over the several days

of monitoring and successfully recovered and returned to the

plating tank all chrome other than that plated on the work piece.

The sludge production was very low. Economically the system is

much more attractive than evaporation (Table 3.13).
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A similar type of membrane system has been developed (44) to

regenerate printed circuit board etching solutions (cupric

chloride). The cation exchange membrane permits copper ions to

pass through to the cathode where they are deposited; the

regenerated etchant can then be recycled back to the etching line.

TABLE 3.13 Comparison of Treatment Costs (28) of Chrome

Rinse Water by Evaporation and Ion Transfer

Total Installed Cost (75 1/h)

Annual Operating Costs

Labour

Maintenance

Plant Overheads

Steam (@ $4/106Btu)

Cooling Water (1 000 US gal/h

at $0,58 / 1 000 gal)

Utilities

Replacement Membranes

Annual Fixed Costs

Depreciation (10S of investment)

Taxes and Insurance

Total Annualised Operating Costs

Costs (US

Evaporation

35 850

525

2 150

690

2 020

560

750

6 695

3 585

360

10 640

$ 1980)

Ion Transfer

13 000

390

1 260

575

250

500

2 975

1 300

130

4 405
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The savings in chemicals, water and effluent charges for both

systems would be the same.

Ion-exchange membranes can be used in Donnan dialysers Figure 3.16.

If solutions of to electrolytes are separated by a cation ion

exchange membrane the anion composition of the two solutions must

remain constant since the membrane is impermeable to anions. The

cations will redistribute between the two solutions until

equilibrium is reached (see 3.4.5 Coupled Transport). The US EPA

is funding research into the removal of metal cyanide complex ions

from electroplating process wash waters.

Cation — Exchange
Membrane

Cu -H- Enriched
Effluent

cr-

H*-

0.07M HCt

Cu ++ Depleted
Effluent

cr

O.OO1 M CuCI2

h-Lgiuie. j . 16 : ftzchajzLdm. of. Donnan Oi.
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3.4.5 Coupled Transport Systems

In a coupled transport membrane, the flow of the permeant of
interest is coupled to the flow of some second species. Under the
right conditions, the flow of this second species can force the
permeant of interest to flow against its own concentration gradient
thereby, for example, separating this species from other species
and concentrating it as well. These membranes can thus be
considered as a kind of selective chemical pump. Two types of
membranes are available.

(i) a suitable liquid complex!ng agent constrained by capillary
forces to the pores of a microporous membrane.

(ii) a charged semi-permeable membrane.

In the case of a liquid membrane, the liquid complex!ng agent is
specific for the permeant of interest under certain conditions.
The desired permeant is complexed at one interface of the membrane
and the external solution. The complex diffuses across the liquid
membrane to the downstream interface where the reaction is reversed
because of some appropriate change in conditions . The free
complexing agent then diffuses back across the membrane where it
picks up more of the desired permeant. The complexing agent thus
acts as a shuttle, carrying both the desired permeant and some
second, coupled species across the membrane.

In the recovery of metals the coupled species is the hydrogen ion.
This ion can either cross the membrane in the same direction as the
metal of interest (co-transport) or opposite to the metal ion
(counter-transport). Because of the requirement to maintain
electro neutrality across the membrane, the hydrogen ion must move
in the same direction as the metal ion if the metal is present in
the anionic form eg. chromium as chromate. On the other hand with
free metal ions such as copper or nickel in solution, the flow of
hydrogen ions must be counter the flow of metal ions.

Tests were carried out (45, 46) on a range of complexing liquids to
determine membranes and conditions that would be suitable for
plating effluents containing chromium, copper and nickel.
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Substantial savings could be realised for chromium recovery, copper
recovery would be marginally economic while nickel recovery would
not be economic. The completing liquid in these cases was a
tricaprylyl amine. (Alamine 336, Henkel).

The payback time for various chromium recovery systems has been
calculated to be:-

3,9 years - coupled transport
5,2 years - ion exchange
4,9 years - evaporation

At that time R.O. was not suitable for chromium recovery however
the payback time for the recovery of nickel plating effluents by RO
was calculated to be 4,3 years.

3.5 Activated Carbon

Activated carbon has been used to remove heavy metals such as
copper, cadmium, iron (3), chrome (6) and chrome (3) (49, 5Q, 51).

Hexavalent chrome is both adsorbed and reduced on activated carbon.

The maximum Cr(6) adsorptive capacity is at pH 2,5 and decreases

rapidly between pH 2,5 and 7,1. Below pH 2,5 the Cr(6) is reduced

to Cr(3).

If the pH conditions are unfavourable for Cr(6) to Cr{3) reduction,
then the chrome can be eluted from the carbon with caustic soda and
recycled.

The adsorptive capacity of the carbon was in the range 870-180
mole/g for a pH range of 2,5-6,5. The carbon dose required to
remove 992 of a sodium chromate solution as a function of solution
concentration and pH is shown in Figure 3.17 '(the rate of
adsorption to reduction is 50 : 1).

Elution of the carbon with 34 bed volumes of 1 Molar caustic soda

resulted in a 3,8 Molar Cr(6) stream which represented a

concentration factor of 38 for a feed condition of 1 X 10"3 M

Na2Cr04. The carbon losses were estimated at 2% per cycle.
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The chen.ical cos t (1979) to reduce 34 m3/day of 168 n,g/l of

disodium chromate were given as $0,51 for sulphur dioxide and 5C,4£

for ac t i va t ed carbon.

10CH

in
O

a
co

XI
a
o

50 H

4.5

3. 17 : ike. canton do^e. lequuied {.on. 99% tn.eatmejzt of. a

1 K 10 ft Na CnO. -toJjutLon QA a function of. pH

and NaJlnD, in the. head
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3.6 Ion Exchange

Ion exchange is a versatile separation process with potential for
broad application in the metal finishing industry (52), both for
raw material recovery and reuse and for water pollution control.
Three main areas of application have been demonstrated:

(a) wastewater purification and recycle
(b) end-of-pipe pollution control
(c) chemical recovery

Ion exchange units are compact and easy to automate compared to
conventional precipitation systems.

3.6.1 Water Purification and Recycle

Mixed rinse solutions are treated to permit reuse of the treated

water. The contaminants in the rinses are concentrated into the

small volume purge streams and are thereby made more economical to

treat. Advantages of ion exchange are that it separates dilute

solutions of ionic compounds from water solutions. The process

can provide high purity water over a broad range of loading

conditions. The resins are durable in severe chemical

environments.

3.6.2 End-of-Pipe Pollution Control

Ion exchange is used to remove only the toxic heavy metals and
metal cyanide complexes from combined waste streams before
discharge. The non-toxic ionic compounds are allowed to remain in
solution. This process can either follow conventional hydroxide
precipitation to lower the metal concentration in the discharge or
else it can be used to directly treat wastewaters to remove heavy
metals and metal cyanide pollutants.
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TABLE 3.14 Amine-Borane Resin Select iv i ty for Metal

Ion Species

Metal

Au3+

Pt2+

Pt4+

Pd2+

Ag+
Ir3+

Rh3+

Hgl+

Hg2+

CH2H

As3+

Sb3+

B13+

React ive
Ion Source

AuCl4 -

p tc i 4 -

PtCl6-
PdCl2
AgN03

I r C l 2

RhCl2

Hg2Cl2
H93Cl2

g+ CH3HgCl
As203
Sb2o3

Bi(N03)3

Non-reacti

Metal Ion

Group 1A

Group 11A

Group 111A

Group 1VA
Cr3+

Mn2+

Fe2+

Fe3+

Co2+

Ni2+

Cu+

Cu2+

Zn2+

Cd2+

Ru3+
Sn4+

Pb2+

T13+

ve

Source

Chloride sal ts

Chloride sal ts

Chloride sa l ts

Oxides & n i t ra tes

CrCl3

MnCl2

FeCl2

FeCl3

CoCl2

NiCl 2

CuCl

CuCl2

ZnCl2

CdCl2

RuCl
SnCl4

Pb(NO3)2

TKS04)3

TABLE 3.15 Saturated Capacities of Amine-Borane Resins

Metal

Platinum

platinum

Gold

palladium

Source

*2PtCl6

K3PtCU
HAuCl4
PdCl2

Grams

g

of

of

0

1

0

0

metal per

dry resin

,6

,2

.8

,64
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Conventional hydroxide precipitation is usually sufficient
treatment to comply with most discharge regulations however when
unusually strict limits are placed on effluent metal concentrations
or where metals are completed with chemical constituents that
interfere with their precipitation as metal hydroxides,
conventional treatment may not be reliable for compliance with the
discharge limits. Ion exchange can provide a relatively
inexpensive method for upgrading the system performance.

Ion exchange has been used in a limited extent to remove the toxic
pollutants selectively from an untreated wastewater while allowing
most of the non-toxic ions to pass through. Heavy metals and
other divalent cations can be removed from a stream with a high
concentration of sodium ions with a weak acid cation resin. Heavy
metals can be removed from a stream containing sodium, calcium and
magnesium ions with a heavy-metal-selective weak acid or chelating
cation exchange resin.

Heavy metal and metal cyanide complex ions can be removed from

solution while allowing most of the wastewater ionic components to

pass through by a stratified bed containing strong and weak acid

cation and strong base anion resins.

3.6.3 Chemical Recovery

In the chemical recovery application, segregated plating rinse
waters are treated to concentrate the plating chemicals for recycle
to the plating bath, the purified rinse waters are also recycled.
This method is suitable when the rinse water feed has a relatively
dilute concentration of plating chemicals and a relatively low
degree of concentration is required for recycle of the concentrate.
Ion exchange has been demonstrated commercially for the recovery of
plating chemicals from acid-copper, acid-zinc, nickel, tin, cobalt
and chromium plating baths. The process has also been used to
recover spent acid solutions and to purify plating solutions for
longer service life. The payback time for the treatment of a
chromic acid bath would be 5,2 years.
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A new class of Amine borane resins have been developed for the
recovery of precious metals (53). These resins are mild reducing
agents and they combine high capacity (Table 3.14) with excellent
selectivity (Table 3.15) for precious metals in the presence of
base metals. The ionic metals are removed from the solution by
redution and immobilized within the porous resin head. The metals
are recovered by roasting the resin at 500 - 800°C in the presence
of air.

3.7 Electrolytic Process

Electrolytic techniques can be used to plate out dissolved metals,
oxidise cyanide or reduce chromium from waste waters. Electrical
power needed to supply the current is the major operating cost and
no chemical treatment is required. The major problem is that
dilute solutions of electrolytes have a high electrical resistance
consequently treatment of dilute waste streams becomes prohibitive
because of high electricity costs. Recent investigations have
therefore, centred on development of an electrolytic method that
could treat dilute solutions and overcome the high electrical
resistance of the cell. The use of low voltages in plating baths
is a common method of plating out unwanted ions and hence
renovating plating solutions.

Electrochemical reduction units (54) for chromium reduction use
consumable iron electrodes and an electrical current to generate
ferrous ions which react with hexavalent chromium to produce
trivaient chromium. The reaction occurs rapidly and requires
minimum retention time. The level of hexavalent chromium leaving
the reactor can be maintained below 0,05 mg/1. The pH of the
effluent usually increases by 0,5 to 1 unit because of the
generation of hydroxide ions. The chemical reduction system has a
combined treatment and sludge disposal cost greater than electro
chemical system when the influent hexavalent chromium concentration
exceeds 5 mg/1.

A demonstration plant using carbon fibres for the' removal and

recovery of heavy metals and simultaneous cyanide oxidation is

being evaluated by the US EPA (54). Another demonstration project

involves the use of semi conductive carbon particles (to reduce



106

electrical resistance) for the reduction of chromium and oxidation

of cyanide in separate cells.

The Electricity Council Research Centre (UK) (55) has developed the
Chemelec cell which enables cations such as copper, nickel,
nickel-iron, zinc, cadmium, cobalt, silver and gold to be recovered
from the first static dragout tank. The fluidised bed promotes
mixing in the cell and thus enables the concentration of heavy
metal in the dragout tank to be maintained at 100 - 250 mg/1. The
total power requirements of the unit amounts to 7,5 - 20 kWn/kg
metal recovered. The recovered metal can either be reused in
plating or sold as scrap. Other types of cathodes such as porous
copper, iron or carbon are also available.

3.8 Biological Methods

Bacteria similar to those used to extract metals from ores are

being used in pilot tests for the recovery of metals from plating

rinse water (44). Cadmium and lead are bioaccumulated by the

micro organisms, which are separated from the effluent and is

burned to recover the elemental metal.

3.9 Sludge Handling

As far as the disposal of sludges to land fill sites are concerned
the only common plating compounds that are included in the EPA
Extraction Procedure toxicity limits are cadmium, chromium and lead
(56). The other metal sludges are considered safe for disposal in
land fill sites.

The cost of disposing of sludges is very much greater than
disposing of solids consequently sludge dewatering is necessary
after ; any precipitation process. The EPA has published a
comparison (56) of the following types of mechanical dewatering
equipment :

pressure filters

vaccum filters

centrifuges

compression filters
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Table 3.16 compares some of the characteristics of the different
equipment types. Table 3.17 summarises the performance of
different dewatering systems for metal finishing sludges in
industrial applications. In general a filter press is the most
costing effective equipment for the dewatering of metal finishing
sludges.

TABLE 3.16 Dewatering Equipment for Electroplating Sludge:
Typical Performance Characteristics

Feed

Equipment R a t e

Igal/mm)

Filter press 2-250
Vacuum filter 1 -250
Precoat vacuum filter 1-250
Basket centrifuge 2-60
Pressure belt filter 5-200

'Feed solids in sludge cake.

°19B1 dollars. Includes auxiliary equipment.

Sahds

weight)

Solids
retention

|K, by
weight)'

Cake solids
concentration
|% by weight)

Installed
cost

(Sl.OOO)"

1-5
3-10

0.5-3
2-5
2-6

95-99
50-99
95-99
50-95
90-95

20-50
15-40
20-50
5-25

20-40

20-200
30-150
30-150
20-175
40-200
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TABLE 3. 17 Performance of Dewatering Equipment for
Electroplating Sludge

Equipment Type and unn size

Sludge
feed
rale _ — _ ^ ^ _ _

Igat.h) Feed Coke

Solids, {% by
weighr|

Cornment

Recessed plate filter press
B.5-113 sludge-holding capacity
10-tl3 sludge-holding capacity

12.5-tt3 sludge-holding capacity

21-h3 sludge-holding capacity

95

300

NA

825

260-rl3 sludge-holding capacity . . 12,000

Vacuum filter* NA

Rotary precaat vacuum filter:
9.4-ft3 Nitration area 100-150
37.7-fl2 filtration area 330

Basket centrifuge:
1 -gal bowl capacity 120

4-gal bowl capacity 120-150
Pressure belt filter: 9.8-ft-wide sludge-

holding capacity 800

3
1-2

NA

5

30

30

40

35-40

3-6 30

3-5 70-75

NA 15
1-5 30

3 12-20

S IB

2-6 NA

NA
Plastic-plating lime

sludge
Chromium hydton-

ide dewatering
Operation attention

2-h shifi. unit
cleaned every 6-8
wk with recircu-
lated 50% HCI

Heat-treated zinc
hydroxide sludge

Metal oiide waste
treatment sludge

Low maintenance
Cloih life 1 yr;

repairs <S200/yr

Satisfactory per-
formance, low
maintenance

High maintenance

Aluminum hydrox-
ide sludge

'Unit size not available.

Note.—NA = not available.
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3.10 Capital Cost of Effluent Treatment Systems

The capital costs of waste water treatment alternatives for the
electroplating industry have been determined by the US EPA (14, 55,
56) and are reproduced in Figures 3.19 - 3.29
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120

50 100 200 250 300

Wastewater Row To Evaporator (gal/h)

Total Installed costs are approximately 10J5

to 25/5 higher than equipment costs.

Nate:-

Submerged tube evaporators cost approximately

30% leas than rising film evaporators.

Example: A 90 gal/h rising film evaporator for

nickel plating processes costs approximately

$48,000 and another $10 000 to install.

A submerged tube evaporator costs approximately

$34,000 and $7,000 to install.

3.25 Capital Co4t of SLngXe.-fi.f-iLe.ct Risking.

FJJm Evapo/tato/14
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3 40
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0 At $0.43/gal for bulk 40.000-lb truckload shipped 300 mi to landfill.
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b At 3% solids by weight.

Note-4.800-h/yr operation.
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0 100 20D 300 400
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3.11 Summary of the Applicability of Treatment/Recycle Techniques

A summary of suitable treatment/recycle techniques is given in

Table 3.18.

TABLE 3.18 Metal Finishing Processes and Effluent Treatment/Recycle
Techniques

Process

Sand blasting
Tumbling
Polishing
Buffing

Chemical
Cleaning

Anodizing

Treatment Technique

settling
filtering

settling
solvent skimming
oxidation of cyanide
neutralisation
ultrafiltration
ion exchange

neutralisation
reverse osmosis

A
Effluent

Treatment

X

X

X

X

X

X

X

X

X

X

pplication
Water

Recycle

X

X

X

Chemical

Recycle

X

X

X
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process

Chrome plating

Acid copper

Treatment Technique

reverse osmosis

electrochemical

chrome reduction

precipitation of chrome

sett l i ng/fi1trati om

activated carbon

cementation

(chrome reduction)

integrated system

ion exchange

evaporation

electrodialysis

Donnan dialysis

precipitation of copper

electrochemical

neutralisation

ion exchange

sett l ing/f i l t rat ion

cementation

integrated system

reverse osmosis

A

Effluent

Treatment

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

pplicatior

Water

Recycle

X

X

X

X

X

X

1

Chemical

Recycle

X

X

X

X

X

X

X

X

X

X



TABLE 3.IB (continued)

120

Process

Acid nickel

Acid zinc

Zinc cyanide

Treatment Technique

neutralisation
precipitation of nickel

electrochemical

se t t l i ng/f i1trat i on

integrated system

reverse osmosis

electrodialysis

ion exchange

neutralisation
chemical percipitation

set t l i ng/f i1trat i on

reverse osmosis

ion exchange

electrochemical

chemical oxidation

of cyanide

precipitation of zinc

set t l i ng/f i1trat i on

electrochemical

integrated system

reverse osmosis

electrodialysis

Application

Effluent

Treatment

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Water

Recycle

X

X

X

X

X

X

Chemical

Recycle

X

X

X

X

X

X

X

X

X

X
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Process

Cadmium cyanide

Copper cyanide

Treatment Technique

chemical oxidation
of cyanide

precipitat ion of

cadmi urn

settl i ng/fi1trati on

electrochemical

integrated system

electrodialysis

neutralisation
chemical oxidation

of cyanide

precipitation of

copper

settl i ng/fi1trati on

integrated system

electrochemical

reverse osmosis

electrodialysis

evaporation

Donnan dialysis

Application

Effluent

Treatment

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Water

Recycle

X

X

X

X

X

Chemical

Recycle

X

X

X

X

X

X

X
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Process

Electropainting

Silver plating
•

Watts Nickel

General factory
effluent

Treatment Technique

ultrafiltration

cementation
ion exchange
reverse osmosis

reverse osmosis

oxidation of
cyanide
reduction of chrome
neutralistion

precipitation of
metals

hyperfiltration

ion exchange
evaporation
activated carbon

ultrafiltration

cross-flow
microfiltration

A
Effluent

Treatment

X

X

X

X

X

X

X

X

X

X

X

X

X

X

plication
Water

Recycle

X

X

X

X

X

X

X

X

Chemical
Recycle

X

X

X

X
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process

Chromic acid

-

Treatment Technique

evaporation
electrodialysis

Donnan dialysis

ion exchange

activated carbon

electrochemical

A
Effluent

Treatment

X

X

X

X

X

X

plication

Water

Recycle

X

X

X

X

X

Chemical

Recycle

X

X

X

X

X

X
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CHAPTER 4. LITERATURE SURVEY - EFFLUENT DISCHARGE LEGISLATION

4,1 U.S. Environmental Protection Agency Regulations

The United States Environmental Protection Agency (EPA) has
prepared detailed regulations and established administrative
procedures for carrying out the laws covering the pollution control
requirements for wastewater and solid residues (57, 58). The
goals of the Clean Water Act of 1972 and 1977 were:

(a) eliminating the discharge of pollutants to waterways by 1985

(b) providing for fishable, swimmable waters by 1983

(c) eliminating the hazards of toxic compounds.

The electroplating industry was classified according to Table 4.1.
Three levels of control were established, viz:

Best Practical Control Technology Currently Available (BPT)
Best Available Technology Economically Achievable (BAT)
New Source Performance Standards (NSPS)

These standards were applicable to plating firms discharging
directly to a waterway and are considered minimum standards and
even more stringent requirements could be invoked for a particular
water course if necessary.

BPT was the base level of control and had to be installed by July
1977, the more stringent level (BAT) had to be installed by July
1983 (later amended to 1984), while NSPS were to be established for
new plants.

BPT limitations are given in Tables 4.2 to 4.4 but they have been
suspended indefinitely. BAT regulations are in preparation but
have not yet been promulgated.
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The EPA has also drawn up pretreatment standards for electroplaters
discharging into Publicly Owned Treatment Works (POTW). They were
intended to :-

(a) prevent the introduction into a POTW of pollutants that will
interfere with its operation,

(b) prevent the introduction into a POTW of pollutants that will
pass through or otherwise be incompatible with the treatment
works,

(c) improve opportunities to recycle and reclaim municipal and
industrial wastewaters and sludges.

Table 4.5 gives the limits for existing electroplating facilities,
more lenient standards were adopted for facilities discharging less
than 10 000 gal/day (37,8 m3/day). For facilities discharging
over 10 000 gal/day two alternative standards (Tables 4.6 and 4.7)
could be adopted after agreement between the POTW and the
industrial user.

An amendment covering an extension for innovative technology has
been passed to encourage wastewater reuse and recycling as well as
other innovations. It provides an opportunity for temporary
relief from some guidelines to parties interested in pursuing
innovative control technology if it will achieve significantly
greater effluent reduction than BAT at a similar cost. The system
must have potential for industry-wide application.

A range of tax incentives for financing alternatives have been made
available by the Federal Government to ease the burden of
compliance with environmental regulations.
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TABLE 4.1 U.S. EPA Classification of Electroplating Industry

Subpart

A

B

C

0

E

F

G
H

Description

Electroplating of common metals (Al, Cd, Cu, Cr, Fe, Ni,
Sn, Pb, Zn, and any combination)
Electroplating of precious metals Au, In, Pt, Rh, and

Ag)
Electroplating of specialty metals
Anodizing (anodizing, acid cleaning, and alkaline

cleaning)
Coatings (colouring, chromating, phosphating, stripping,

immersion plating, acid cleaning, and alkaline

cleaning)

Chemical etching and milling (chemical milling, etching,
bright dipping, acid cleaning, and alkaline cleaning)

Electroless plating
Printed circuit board manufacturing

Note; Subparts A, B, and C may involve stripping,
colouring, phosphating, acid cleaning, and alkaline
cleaning.



TABLE 4.2 U.S. EPA Best Practicable Control Technology Currently Available Efluent Limitations0

(Suspended Indefinitely > : Subparts A and D-FC

Effluent characteristic

Pollutant ( lb/106 f t2 /operatfon):

Copper

N1cka1

Chromium:

Total

Cr+6

Zinc

Cyanide:

Total

Amenable

Fluoride

Cadmium

Lead

Iron

T i n

Phosphorus

Total suspended solids

pH

Eff luent LI mis

Subport A

Dally

Max

32,7

32,7

32,7

3.3

32,7

32,7

3,3

1308

19,2

32,7

65,4

65,4

65,4

1308

6,0-9,5

30-d

Ave

16,4

16,4

16,4

1,6

16,4

16,4

1.6

654

9,6

16,4

32,7

32,7

32,7

654

6,0-9,5

Suboart D

Dally

Max

18,4

18,4

18,4

1.B

18,4

18,4

1,8

738

8,8

( d )

36,8

36,8

36,8

738

6,0-9,5

30-d

Ave

9,2

9,2

9,2

9,2

9,2

9,2

9,2

369

4.4

{ d >

18,4

18,4

18,4

369

6,0-9,5

Subpart E

Dally

Max

16,4

16,4

16,4

1,6

16,4

16,4

1,6

646

9,8

<d>

32,8

32,8

32,8

646

6,0-9,5

30-d

Ave

B,2

8,2

8,2

0,82

8,2

8,2

0,82

323

4 ,9

( d )

16,4

16,4

16,4

323

6,0-9,5

Subport F

Dally

Max

24,6

24,6

24,6

2,4

24,6

24,6

3,8

984

14,8

ld>

49,2

49,2

49,2

984

6,0-9,5

30-d

Ave

12,3

12,3

12,3

1,2

12,3

12,3

1.9

492

7,4

( d )

24,6

24,6

24,6

492

6,0-9,5
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TABLE 4.3 U.S. EPA Best Practicable Control Technology Currently

Available

Effluent Limitationsa (Suspended Indefinitelyb):

Subpart BC

Effluent characteristic

Pollutant (lb/106ft2/operation):

Silver

Gold -

Cyanide:

Total

Amenable

Chromium:

Total

Cr+6

I ndi urn

Osmium

Palladium

Platinum

Rhodium

Ruthenium

Phosphorus

Total suspended sol ids

pH

Efflue

Daily

3,3

3,3

3,3

32,7

32.7

3,3

3,3

3,3

3,3

3,3

3,3

3,3

65,4

1308

6,0-9,5

t l imits

30-d

Ave

1.6

1.6

1.6

16,4

16,4

1.6

1.6

1.6

1,6

1,6

1.6

1.6

32,7

654

6,0-9,5

a plants employing more than 11 persons, discharging more than
2,061 gal/h from metal finishing processes, or having a
production rate greater than 52,7 ft2/h per employee.

b Although these regulations were suspended and are not in
effect, they may be used by permit writers as guidance.

Described in Table 4.1.
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TABLE 4.4 U.S. EPA Best Practicable Control Technology Currently

Available

Effluent Limitations3 (Suspended Indefinitely^):

Subparts A, B, and D-Fc

7

Effluent

characteristic

Cyanide (lb/106ft2/

operation):

Amenable

Total

Flow

PH

Effluent limits

Subparts

A and B

Daily

max

3,3

32,7

6,0-9,9

30-d

ave

1,6

16,4

6,0-9,0

Subparts

D and F

Daily

max

1,8

18,4

Ec

6,0-9,0

30-d

ave

0,92

9,2

lualize...

6,0-9,0

Subpart

E

Daily

max

1.6

16,4

6,0-9,0

30-d

ave

0,82

8,2

6,0-9,0

a Plants employing less than 11 persons, discharging less than 2,061 gal/h

from metal finishing processes, or having a production rate less than

52,7 ft2/h per employee.

b Altnough these regulations were suspended and are not in effect, they

may be used by permit writers as guidance.

Described in Table 4.1
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TABLE 4.5 U.S. EPA Pretreatment Standards for Existing

Sources : Subparts A, B, and D-Ha

Pollutant

Plants discharging less than
10 000 gal/d:

Cyanide, amenable

Lead

Cadmi urn

Plants discharging more than

10 000 gal/d

(Al ternat ive l b ) :

Cyanide, t o ta l

Copper

Nickel

Chromium

Zinc

Lead

Cadmium

Silverc

Al l metals

Pretreatment
standard (mg/1)

Daily 4-d

max ave

5.0 2,7

0.6 0,4

1.2 0,7

1 ,9 1 ,0
4.5 2,7

4,1 2,6

7,0 4,0

4.2 2.6

0,6 0,4

1.2 0.7

1,2 0.7

10.5 6,8

a Described in Table 4.1

Mass-based standards

c Applies only to Subpart B.
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TABLE 4.6 U.S. EPA Pretreatment Standards for Existing Sources:
Alternative lb - Subparts A, B, and D-HC

Pollutant

Silver
Cyanide, total
Copper

Nickel
Chromium

Zinc
Lead

Cadmium
Total metals

Pretreatment
Subparts

Daily
max

(d)

15.2
36

32.8

55,9

33.6

4.7

9,6

84

4-d

ave

(d)

8

21,5

20,5

32

20,9

3,3

5.9

54,7

standard (lb/106ft2/operation)
Subpart B

Daily
max

9.6

15,2
36

32,8

55,9

33,6

4,7

9,6

84

4-d
ave

5,9

8

21,5
20,5

32

20,9

3.3

5.9

54.7

Subpart H
Daily'

max

(d)

13,7
82.1

74,8

127.6

76,6

10.8
21.9

191,5

4-d

ave

(d)

18,2
49,4

46.9

73,1

47.5

7.4
13.3

124,7

a Plants discharging more than 10 000 gal/d

b Mass-based standards. Equivalent to and may apply in place of
standards shown in Table 4.5 on agreement between source and
receiving POTW.

c Described in Table 4.1

d Not applicable
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TABLE 4.7 Pretreatment Stndards for Existing Sources:
a Alternative 2 b - Subparts A, B, and D-Hc

Effluent
characterist ic

Pollutant (mg/1):

Cyanide, tota l

Lead

Cadmiurn

Total suspended solids

pH

Pretreatment standard

Daily

max

1.9

0,6

1,2

20,0

7,5-10,0

4-d

ave

1,0

0,4

0,7

13,4

7,5-10,0

a Plants discharging more than 10 000 gal/d

D Simplified standards. An optional control program that may be
selected by the source with concurrence of the control authority.
Requires the absence of strong chelating agents, reduction of
hexavalent chromium, and neutralization with CaO or Ca(QH)2.

c Described in Table 4.1
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4.2 Canadian Environmental protection Agency

The Canadian EPA has issued guidelines (6, 17, 59, 60) to limit the
discharge of deleterious substances in effluents from the Canadian
metal finishing industry. These guidelines are a national
baseline requirement of what practices will be considered by the
Federal Government to meet the intent of the Fisheries Act, but it
is not a specific Law, they are based on Best Practical
Technology.

(a) In any day the total concentration of specific parameters may
not exceed the values given in Table 4.8.

(b) The pH may not be outside the range 6,0 to 9,5 at any time.

(c) Concentrated residules containing emulsion cleaners,
chlorinated hydrocarbons and effluent treatment sludges
should not be deposited with the effluent.

(d) Concentrated spent processing solutions and residules other
than in (c) should be treated to meet the objectives in (a).

The analysis of samples and the keeping of proper records is the
responsibility of the firm.

A Code of Good Housekeeping Practice has been prepared to indicate
methods and practices which should be followed to assist in meeting
the requirements of the guidelines.
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TABLE 4.8 Canadian Metal Plating Effluent Limits (mg/1)

Pollution

Total suspended matter
Cadmium
Chromium (total)
Copper
Lead

Zinc
Nickel

Cyanide (oxidizable)

Cyanide (total)

Limit

30

1.5

1.0

1.0

1.5

2,0

2.0

0.1
3,0

4.3 United Kingdom Department of the Environment

The British Department of the Environment has published a Technical
Memorandum on Arisings, Treatment and Disposal (including a Code of
Practice) for metal finishing wastes (61).

Conditions for . discharge to public sewers and to rivers are
specified by the water authorities. The conditions have regard to
the absorbing capacity of the immediate environment taking into
account, for example, dilution, removal in treatment processes and
natural processes, effect on treatment processes, use of receiving
water ; consequently the consent conditions vary widely. A survey
of consent conditions for 31 companies discharging to public sewers
is given in Table 4.9.
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TABLE 4.9 Summary of Consent Conditions for 31 Metal Finishing
Companies in the U.K.

Parameter

pH

Total

Total

Total

Metals

Soluble Metals

Suspended Solids

Range

5-12

3-30

5-25

200 -

tng/1

mg/1

- 3 000 mg/1

Comments

6-10 most common'

1 at 100

30 mg/1

1 at 100

10 mg/1

400 mg/1

mg/1 ;

most common

mg/1 ;

most common

most common ;

1 at 3 000 mg/1 ;

1 at 200 mg/1

4.4 Europe

A draft European Council Directive controlling the levels of toxic

metals in sewage sludges applied to land has been recently

introduced (62). Table 4.10 compares the European Economic

Council (EEC) recommended and mandatory values with the British

Department of the Environment's Advisory Guideline values.
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TABLE4.10 EEC and British Limits of Metals in Land-Applied
Sludges (kg/ha/yr based on a 10 year average)

Element

Cd

Cu

Ni

Pb

Zn

As

Cr

Hg

EEC

Recommended

0,10

10

2

10

25

0,35

10

0,40

Mandatory

0,15

12

3

15

30

DE

Guideline

0,17

9,33

2,33

33,33

18,66

0,33

33,33

0,07

4.5 Water Quality Criteria

The available world literature from 27 sources on existing water

quality criteria have been summarised (63) for the 15 main uses of

water.

Tables 4.11 and 4.12 summarises the levels in drinking water and
river/dam water of chemicals of relevance to the metal finishing
industry. Also included in the tables are the categories under
which the contaminants fall.

Table 4.13 lists the South African Bureau of Standards limits (64)
for metals in drinking water. The effluent discharge regulations
for South Africa have been summarised in Chapter 1.

The toxocological properties of compounds associated with the metal

finishing industry are given in Table 4.14.
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TABLE 4.11 Selected Quality Criteria for Drinking Water (63)

Determinant

Aesthetic/Physical

Conductivity
Hydrogen Sulphide
Iron
Oils and Grease
pH

High Tox ic i ty

Antimony
Cadmium
Gold
Lead

Moderate Tox ic i t y

Chromium
Cyanide
Fluoride
Nickel
Silver
Tin

Low Toxicity

Aluminium
Cobalt
Copper

Non-Tox1c

Chloride
Sodium
Sulphate
Zinc

Unit

mS/m
mg/1
mg/1
mg/1
pH un i t s

Mg/1
ug / l
ug/i
Mg/i

pg/i
M9/1
ug/i
ug/i
wn
M9/1

mg/1
mg/1
mg/1

mg/1
mg/1
mg/1
mg/1

Min

30
0
0,050
0
5,0

0,2
1

30

30
10

700
30
10

0.05
0.05
0,01

100
100
100

0,2

Med

100
0.05
0,300
0,200

6.5-9,0

50
10
20
50

50
200

1 500
50
50
50

0,15
1
1

250
270
250

5.0

2
1

1
1

Max

200
0,
1.
0,
9,

50
50

100

500
200
400
000

50

0,
5

10

000
000
500

15,

3
000
500
5

50

0
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TABLE 4.12 Selected Quality Criteria for R1ver/0am Hater
(Protection of Aquatic Life) (63)

Determinant

High Toxicity

Cadmium
Copper
Cyanide
Hydrogen sulphide
Lead
Silver

Moderate Toxicity

Aluminium
Chromium
Fluoride
Iron
Nickel
Zinc

Low Toxicity

Cobalt
Tin

Non-Toxic

Chloride
Sodium
Sulphate

Unit

ilg/i
Eg/i
ug/l
ug/l
jig/i

ug/i
ug/i
ug/i
ug/i
ug/i

mg/l
mg/l

mg/l
mg/l
mg/l

Min

0,1
5
5
2

20

100
10

1 500
200
25
30

50

Med

3
5
5
2

30
10

50
1 500

200
50

100

1
1

500
1 400

Max

30
200

5 000
300
100

1 500
100

1 500
1 000

50
100

400



139

TABLE 4.13 Limit Concentrations for Metals in Drinking

Water (mg/1) (SABS 241)

Metal

Cd

Cr
Cu
Fe

Mn

N1
Pb

In

Desirable

0.05

0.05

1.0

0.3

0.1

N.S.

0.05

5

Permissible

0.05

0.05

1.5

0.7

0.4

N.S.

0.10

15

N.S. not specified.
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TABLE 4.14 Toxological Properties

Finishing (63)

of Compounds Associated with Metal

Aluminium

Cadmi urn

Chromi urn

Copper

Cyanide

Fluoride

Gold

classically regarded as non-toxic beause i t is
insoluble at neutral pH values. I t is potentially
toxic because i t can go into solution under acidic or
basic conditions. Soluble aluminium has been
implicated as a neurotoxin.

highly toxic
life-forms.

and cumulative poison to higher

an essential element in human nutrition but toxic in
high concentrations.

an essential element and only causes toxic symptoms
in high concentrations. Algal species can become
tolerant to copper.

more toxic to fish than humans. I t is rapidly
degraded in the environment by bacterial action, i t
is more toxic at low pH values than at high pH
values. The free cyanide is more toxic than cyanide
complexed to metallic elements (e.g. iron).

an element which helps prevent dental cares but i t
has chronic long term toxicity at concentrations only
slightly above the beneficial level.

in a soluble form i t is highly toxic.

Hydrogen Sulphide although toxic i t imparts an unpleasant taste/smell
to water well below the toxic level.

Iron an essential element, the limits are based on
aesthetic not toxic considerations.
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TABLE 4.14 (continued)

Lead a highly toxic and cumulative poison which effects

nerve tissues. Lead is more toxic at low calcium
concentrations than at high calcium concentrations.

Nickel thought to be essential for animal and plant life.

It can be toxic to certain plants in concentrations

exceeding 0,2 mg/1.

Silver it is only moderately toxic to man, its chief
toxicity is towards aquatic life.

Sulphate non-toxic to animals and human except at very high
concentration levels where it exerts a purgative
effect.

Zinc it is non-toxic to humans, water containing high zinc
concentrations should be screened for the highly
toxic element cadmium which is commonly found in
association with zinc.
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CHAPTER 5. SURVEY OF METAL FINISHING FIRMS IN SOUTH AFRICA

5.1 Survey of Municipalities Receiving Metal Finishing Effluent

A questionaire (Appendix 2) relating to water management and
effluent treatment in the processing of :-

(i) Metals (metal plating, fabrication, machining and
finishing)

(ii) Fermentation products {beer, sorghum beer, distilleries
including wine distilleries and yeast processing
industries)

(iii) Pharmaceutical products (Pharmaceuticals and patent
medicines)

was sent to 118 Municipalities in May 1982 (Table 5.1). The
primary objective of the survey was to collate existing knowledge
on water and effluent problems of the above industries and to
formulate on a co-ordinated basis, the scope for improved effluent
treatment, water management and disposal of effluents.

The information requested included the following:-

(a) Sewage Works

(i) description of the sewage works

(ii) the receiving body of the final effluent

(iii) the method of sludge disposal

(iv) the domestic and industrial flow to the sewage
works

(v) the water and effluent tariffs
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TABLE 5.1 Location of Metal Finishing, Fermentation and PharmacoutI cai Firms

TOWNS

ALBERTON

AMANZIMTOTI

BARBERTON

BEAUFORT WEST

BEDFORDVIEW

BELLVILLE

BENON!

BENONl(RFIELD)

BETH-EHEM

BLOEMFONTEIN

BCKSBURG

BOTHAVILLE

BRACKENFELL

BRAKPAN

BRITS

BRONKHORSTSPRU 1T

BULFONTEIN

CAPE TOWN

ATU.ONE

CAPE FLATS

CARLETONV ILLE

CERES

DESPATCH

DIV COUN C^PE

ATLANTIS

BORCHEROS

DURBAN

CENTRAL

SOUTHERN

NORTHERN

EAST LONDON

ENPANGENl

ERMELO

ESHOWE

ESTCOURT

EVANDER

GEORGE

GERMISTON

WATERVAL

DEKEMA

RONDEBULT

GOODWOOD

GREYTOWN

HARTSWATER

HEIDELBERG

HEILBRON

HENNEMAN

HERMANUS

HOWICK

ISIPINGO

PERM
FIRMS

2
1

2

3

4

2

1

SEWAGE

PROBLEMS MAJOR

LOAD

YES
YES

bypassed

YES

YES YES

PHARM PROBLEMS MAJOR

FIRMS LOADS

1

2

5

1

3

1

PROCESSED BY AMANZIMTOTI

METAL

FIRMS

3
1

2

2

16

2
12

51

?
7

5
•

1
1

6

7
1

5

11

31

PROBLEMS MAJOR

LOAD

YES

YES

YES YES

YES

SEA DISCHARGE

YES

YES YES
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TABLE 5 . 1 ( c o n t i n u e d )

TOWNS

JAN KENPTDORP

J OHANNESBURG

GOUDKCPPIES

ALEXANDRA
OUFANTSVLEI

KESFTON PARK

K1M3ERELY

HOMEVALE
K1MBERLEY

BEACONSF1ELD

KING WILLIAMSTOWN

KLERKSDORP

KNYSNA

KROONSTAD

KUILSRIVIER

LYOENBURG

MESS 1NA

MEYERTON

MIDDELBURG

M1LNERTON

MONTAGU

MOSSELBAAI

NELSPRUIT

NEWCASTLE

NEW GERMANY

NIGEL

H BICKLEY

CF GRUNDLING

MARIEVALE
OUDTSHOORN

PAARL

PAROW

PARYS

PHALABORWA

PIETERMARIT2BURGH
PIETERSBURG

PINETOWN

PORT ELIZABETH

PORT SHEPSTONE

POSTMASBURG

POTCHEFSTROOM

PRETORIA

DASPOORT

BAVIAANSPOORT

ROOIWAL

QUEENSBURG

RANDBURG

RICHARDS

R1VERSDALE

ROBERTSON

ROOOEPORT

RUSTENBURG

FERM PROBLEMS MAJOR

FIRMS LOAD

3 YES YES

1

1 YES YES

1

1

2

1 ( YES

1

2
6 YES

1

1
2

1

2 YES

1

PHARM PROBLEMS MAJOR

FIRMS LOADS

1

1

10

3

1
1

1

METAL

FIRMS

26

8
36
5

1

2

10

3

13

9
19

3
1

. 2

PROBLEMS

YES

YES

YES

YES

YES

MAJOR
LOAD

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES
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TABLE 5 . 1 ( c o n t i n u e d )

TOWNS

SANDTON

SCOTTBURGH

SOMERSET EAST

SOMERSET WEST

SPR1NGS

ANCOR

McCOMB

STANDERTON

STELLENBOSCH

STRAND

TZANEEN

UlTENHAGE

UMKOMAAS

UPINGTON

VEREENIGING

V I R G I N I A

VREDEN8URG

VRYHEID

WELKOM

THERONIA

WITPAN

WELL 1NGTON

WESTONARIA

WITBANK

WITRIV1ER

WQLMARANS

WORCESTER

ZEERUST

TOTAL

FERM PROBLEMS MAJOR PHARM PROBLEMS MAJOR METAL PROBLEMS MAJOR

FIRMS LOAD FIRMS LOADS FIRMS LOAD

3 IB MINOR

1 MINOR

5 YES YES

3 YES

1 YES

2 YES YES

1

54 31 317
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(vi) a copy of the effluent by-laws and proposed
changes

(vii) the number of Metal Finishing, Pharmaceutical and
Fermentation Industries discharging effluent and
whether they caused significant problems to the
operation of the sewage works

(viii) an analysis of raw sewage and the final effluent

(b) Specific Metal Finishing Firms

ti) name of firm

(ii) nature of business
(iii) annual water consumption
(iv) annual effluent and sludge production
(v) effluent analysis
(vi) special requirements for discharge
(vii) description of effluent treatment plant
(viii) specific problems encountered due to the nature of

the effluent.

5.2 Location of Metal Finishing, Fermentation and Pharmaceutical Firms

The location of Metal Finishing, Fermentation and Pharmaceutical
firms is given in Table 5.1. The total number of metal finishing
firms is 317 and they are mainly concentrated on the Reef (46%)
(Boksburg, Germiston, Johannesburg and Springs), Cape Town (16S),
the Durban area (Durban, Pinetown and Mew Germany) (10S) and in
Port Elizabeth (6%). All the metal finishing effluent in East
London is discharged directly to sea.

A total of 13 municipalities stated that metal finishing companies
were a major source of heavy metals and 8 municipalities
experienced problems because of the presence of heavy metals in the
incoming sewage.
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TABLE 5.2 Costs of Water and Effluent Treatment In South Africa (May 1982)

TOWNS

ALBERTON

AMANZIMTOTI

BARBERTON

BENONi

BLOEMFONTE1N

BOKSBURG

BRAKPAN

CAPE TOWN

CARLETONV ILLE

DIV COUN CAPE

DURBAN

GERM1ST0N

HEIDELBERG

HENNEMAN

JOHANNESBURG

KENPTON PARK

K1M3ERELY

KLERKSDORP

KROONSTAD

KUILSRIV tER

LYDENBURG

MIDDELBURG

MILNERTON

NELSPRUIT

NEWCASTLE

NEW GERMANY

NIGEL

OUDTSHOORN

PAARL

PARYS

PIETERMAR1TZBURG

PINETOWN

PORT aiZABETH

POTCHEFSTROOM

PRETORIA

RANDBURG

RUSTENBURG

SCOTTBURG

SPRINGS

STELLENBOSCH

U1TENHAGE

VEREENIGING

VREDENBURG

WELKOM

WESTONARIA

W1TBANK

WORCESTER

ZEERUST

WATER

COST

c / k l

23.68

29

30

25.9

21

23.4

37.6

35.3

20

32

20.4

24.474

31

9.17

32.12

22.57

27.8

23

31

30

30

38

24

31.34

30

25

31.8

21

27.5

20

24

37

32.5

21

27.1

33

19

. 22

65

34.9

30

16

20

11

EFFTNT COMMENTS

COST

c / k l

15 MINIMUM TARIFF

15+3< (S/10+1.5 )+tOA/5O+1.5 ) >

5 + ( 0 . 0 2 5 ^ V ) + (0.04»SS)

NO SPECIAL TRADE EFFLUENT TARIFF

5.26

13

TREATMENT 13.65 CONVEYANCE 8.19

7.3

4+lCOD/1000)*25

10.0+(PV-60)/6

13.7+(.O71*PV)/B0
6*0.08*(PV-50)

12

16

7*tCOD/600)
14.17

5.87+7.26*(CCO/1000)

5.2+O.35*(PV-70)
4.4+(SS/1O)+tOA/25)

11

10.5

7+.047<PV-B0) + 1.7<M-20)/PH M = METALS IN M3/L

IF GREATER THAN 20

6 MIN

9.3+0.116 CPV-80)

.175PV

10.06
3.3+<OA-5O)/91

7.27

5
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5.3 Cost of Water and Effluent Treatment

The cost of raw water and the effluent treatment tariff in
different Municipalities is given in Table 5.2. The cost of water
varied from 9,17 c/ki (Henneman) to 65 c/kl (Vredenburg/Saldanha)
with a median cost of about 30 c/kl.

The effluent tariff generally consisted of a fixed cost which
varied from 5 c/kl (Witbank) to 14,17 c/kl (Qudtshoorn) or else was
dependant on conveyance (3,3 to 15 c/kl) and a permanganate value
(PV) term.

Three municipalities used chemical oxygen demand (COD) in place of
PV while 3 included a suspended solids factor.

Most municipalities had limits on the heavy metal concentration.
Pretoria's tarrif included a charge for heavy metals if they
exceeded 20 mg/1.

5.4 Industrial Effluent Contribution of Sewage Works

The average industrial and domestic inflows to sewage works are
given in Table 5.3.

The sewage works with the greatest inflow of industrial effluent
are Durban (Southern sewage works) - 42 Ml/day, Port Elizabeth - 25
Ml/day and Cape Town (Athlone) - 20 Ml/day, A total of 10 sewage
works receive more than 40S of their inflow as industrial
effluent.

The capacity of the Zeerust sewage works is obviously incorrect.
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TABLE 5.3 Domestic and Indust r ia l flow t o Sewage Works

TOWNS

ALBERTON

ALBERTON

AMANZIMTOTI

BARBERTON

BENONt
RYNFIELD

BENONI

BLOEMFONTEIN

BCKSBURG

BRAKPAN

CAPE TOWN

ATHLONE

CAPE FLATS

CARLETONVILLE

DESPATCH

DIV COUNCIL CAPE

ATLANTIS

BORCHERDS

DURBAN

SOUTHERN

CENTRAL

NORTHERN

KWAMASHU-OLD

KWAMASHJ-NEW

GERMISTON

WATERVAL

DEKEMA

RONDEBULT

GOOOWOOO

HEIDELBERG

IS1PINGO

J OHANNESBURG

GOUDKOPPIES

ALEXANDRA

OLIFANTSVLEI

KENPTON PARK

KIM9ERELY

HOMEVALE

KIMBERELY

BEACONSFIELD

KLERKSDORP

TOTAL

Ml/day

24
B

12

2

7

16

40

40

a

80

BB

5

3

3

13

105

69

26

14

13

20

41

40

B4

145

167

223

55

8

3

4

16

DOMESTIC
Ml/day

22

10

2

7
11

39

24

7

60
7

4

3

2

10

64

61

24
14

13

17

24

36

80

132

153

214

36

7

7

7

12

COMMENTS

TO GERMISTON DEKEMA

TO GERMISTON WATERVAL

TO MILNERTON AND CAPE TOWN (ATHLONE)

TO AMANZIMTOTI



TABLE 5.3 (continued)
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1
TOWNS

KROONSTAD

KUIL5RIV1ER

LYDENBURG

M1DDELSURG

MILNERTON

NELSPRUIT

NEW CASTLE

NEW GERMANY

NIGEL

H BICKLEY

CF GRUNDLING

MARIEVALE

OUDTSHOORN

PAARL

PARYS

PIETERMARIT2BURG

PORT ELIZABETH

PRETORIA

DASPOORT

BAVIMNSPOORT

ROOIWAL

QUEENSBURG

RANDBURG

RUSTENBURG

SCOTTBURG

SPRINGS

ANCOR

MCCOM3

STELLENBOSCH

U1TENHAGE

VEREEN1GING

VREDENBURG

VRYHEID

WELKOM

THERONIA

WITPAN

WESTONARIA

WiTBANK

WITRIVIER

WORCESTER

ZEERLJST

TOTAL

TOTAL

Ml/day

3
6

2

8

12

5

6
3

4

2

1

4

IB

2

40

60

76

U

77

1

14

a
l

27

9

25

12
18

1

4

22

23
a

16

1

11

127

2 049

DOMESTIC COMMENTS
Ml/da/

7
6

2

B

12

3

4
2

2

2

1

7

14

1

34

35

6B

10

73
1

14

7

1

22

6

21
7

17
1

1

7

7

8

12

1

6

120

1 615



Sewage Works D e s c r i p t i o n
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TOWNS

AMANZIWTOTIi

BARBERTON

BEN0N1
RYNFIELD

BLOEMFONTE1N

BOKSBURG

BRAKPAN

BULTFONTEIN

CAPE TOWN

ATHLONE

CAPE FLATS

CARLETONVILLE

DESPATCH

DIV COUNCIL CAPE

ATLANTIS

BORCHERDS

DURBAN

SOUTHERN

CENTRAL

NORTHERN
KWAMASHU-aD

KWAMASHU-NEW

EVANDER

GERMISTON

WATERVAL
DEKEMA

RONDEBULT

HARTSWATER

HEIDELBERG

HENNEMAN

HERMANUS
HOW1CK

J OHANNESBURG

GOUDKCPPIES

KILPSPRUIT

ALEXANDRA

NORTHERN

OLIFANTSVLEI

KEWTON PARK

KIMBERELY

HOMEVALE
KIMBERELY

BEACONSFIELD

PRIMARY

SED

Y

Y

Y

Y

Y

Y

Y

Y
Y

Y

Y

Y
Y

Y

Y

Y
Y
Y

Y

Y

Y

Y

Y

Y
Y

BIO

FILTER

Y
Y

Y
Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y
Y

ACTIVATED

SLUDGE

Y

Y

Y

Y

Y

Y
Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

MATN

PONDS

Y

Y

Y

Y

Y

Y
Y
Y

Y
Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y
Y

PRIMARY

DIGN

Y

Y
Y

Y

Y

Y

Y
Y

Y

Y

Y

Y

Y
Y

Y

Y

Y

Y

Y

Y
Y

SECONDARY

DIGN

Y

Y

Y

Y

Y

Y

Y
Y

Y

Y

•>-

Y

Y

Y

Y
Y

DRY

BEDS

Y
Y
Y

Y

Y

Y

Y
Y
Y

Y
Y

Y

Y

Y

Y

Y

Y

Y

Y
Y
Y

OTHER

CENTRIFUGE

FILTRATION

DAF

FILTRATION AND

INCINERATION

FILTRATION

CENTRIFUGE

CENTRIFUGE

CENTRIFUGE AND
INCINERATION

FILTRATION

CENTRIFUGE AND
INCINERATION

FILTRATION

INCINERATION

INCINERATION

CENTRIFUGE AND

INCINERATION

DAF AND

BELT FILTER

DAF AND

BELT FILTER

DAF AND
BELT FILTER



Tflfll F 5.4 (confirmed)
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TOWNS

KLERKSDORP

KROONSTAD

KUILSRIVIER

LYDENBURG

M1DDELBURG

MILNERTON

NEL SPRUIT

NEWCASTLE

NEW GERMANY

NIGEL

H B1CKLEY

CF GRUNDLING

MARIEVALE

OUDTSHOORN

PAARL

PARYS

PlETERMARITZBURGH

PORT ELIZABETH

POTCHEFSTROOM

PRETORIA

DASPOORT

BAVIAANSPOORT

ROOIWAL

QUEENSBURG

RUSTENBURG

SCOTTBURG

SPRINGS

ANCOR

MCCOMB

STELLENBOSCH

UITENHAGE

VEREENIGING

VIRGINIA

VREDENBURG

VRYHEID

WELKOM

THERONIA

WITPAN

WESTONAR1A

W1TBANK

WtTRlVIER

WORCESTER

ZEERLJST

PRIMARY

SED

Y
Y

Y

Y

Y

Y

Y

Y
Y
Y
Y

Y

Y

Y

Y
Y
Y

Y
Y

Y

Y
Y
Y

Y
Y

Y
Y

Y

Y

BIO

FILTER

Y
Y

Y

Y

Y

Y

Y

Y

Y

Y
Y

Y

Y

Y

Y

Y

Y
Y
Y

Y
Y

Y

Y

Y

Y

Y
Y

Y

ACTIVATED

SLUDGE

Y

Y

Y

Y

Y

Y

Y

Y

Y
Y

Y

Y

Y

Y

Y

MATN

PONDS

Y

Y

Y
Y

Y

Y
Y

Y

Y

Y

Y

Y
Y

Y

Y
Y
Y

Y

PRIMARY

DIGN

Y

Y

Y

Y
Y

Y

Y
Y

Y

Y

Y

Y

Y

Y
Y

Y

Y

Y

Y

Y

Y
Y
Y

Y
Y
Y

Y

Y

SECONDARY

DIGN

Y
Y

Y

Y
Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

DRY

BEDS

Y
Y

Y

Y

Y

Y

Y

Y

Y
Y

Y
Y
Y
Y

Y

Y

Y
Y

Y

Y
Y

Y
Y

Y

Y
Y
Y
Y

Y

OTHER

FILTRATION

FILTRATION

FILTRATION

ZIM=RO SLUDGE

CONDITIONING

FILTRATION

FILTRATION

CENTRIFUGE AND

ZIM=R0

CENTRIFUGE

CENTRIFUGE

CENTRIFUGE

FILTRATION
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5.5 Sewage Works Description

The description of the unit operation of the sewage works is given

in Table 5.4.

Of the 13 municipalities (16 sewage works) which stated that metal
finishing factories were a major load of heavy metals,

10 sewage works had biofilters,
10 sewage works had activated sludge plants,
5 sewage works had both biofilters and activated sludge plants,
7 sewage works had maturation ponds,
14 sewage works had primary/secondary digestion.

Of the 8 municipalities {10 sewage works) which stated that heavy
metals from metal finishing factories were a problem,

4 sewage works had biofilters,
6 sewage works had activated sludge,
1 sewage works had both biofilters and activated sludge,
1 sewage works had maturation ponds,

7 sewage works had pri mary/secondary digestion.

5.6 Chemical Analysis of Sewage Works Influent and Effluent

The chemical analysis of the influent and effluent from the
surveyed sewage works is given in Table 5.5.

The pH of the feed to the sewage works varied from 4,5 (Westonaria)
to 7,9 (Vereeniging) while that of the effluent from the sewage
works varied from 6,5 (Welkom - Witpan) to 9,2 (Cape Divisional
Council - Atlantis).

A full chemical analysis was not carried out at all the sewage
works, however, using the results available it was found that of
the inflow to the sewage works :-

- the aluminium in Johannesburg and Boksburg was above 1 mg/1.

- cadmium levels at Rustenburg, Springs, Johannesburg, Helspruit,
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Cape Town and Boksburg were above 0,01 mg/1.

- Hexavaient chrome was above 0,2 mg/1 at Uitenhage, Pretoria
(Roowal and Baviaanspoort), Heidelberg, Johannesburg (Goudkoppies
and Klipspruit), Boksburg and Cape Town (Athlone).

- Chrome III or total chrome was high in Pietermaritzburg (2 mg/1),
Boksburg (1 mg/1} and Cape Town (Cape Flats) (1,67 mg/1).

- Cobalt was lower than 0,1 mg/1 in Springs, Boksburg, Cape Town
(Athlone).

Durban (Southern) and Boksburg had the highest hexavaient chrome in
the effluent (0,197 mg/1 and 0,2 mg/1 respectively).

- Copper exceeded 0,1 mg/1 at Amanzimtoti, Boksburg, Cape Town,
Cape Divisional Council (Atlantis and Borcherds), Johannesburg
(Goudkoppies, Klipspruit and Northern), Port Elizabeth and
Uitenhage.

- Iron exceeded 1 mg/1 at Boksburg, Cape Town, Cape Divisional

Council, Johannesburg, Nigel and Uitenhage.

- Lead exceeded 0,1 mg/1 at Amanzimtoti, Boksburg, Cape Town,
Durban (Southern), Johannesburg (Goudkoppies and Klipspruit),
Port Elizabeth and Uitenhage.

- Managanese exceeded 0,1 mg/1 at Cape Town (Athlone), Johannesburg
(Goudkoppies, Klipspruit), Parys, Port Elizabeth and Rustenburg.

- Nickel exceeded 0,1 mg/1 at Boksburg, Atlantis, Borcherds,
Johannesburg (Goudkoppies and Klipspruit), Pietermaritzburg, Port
Elizabeth, Pretoria (Baviaanspoort, Rooiwal) and Springs.

- Sodium exceeded 150 mg/1 at Cape Town (Athlone) Atlantis,

Borcherds, Kempton Park and Nigel. Sodium was below 50 mg/1 at

Nel spruit.

- Zinc exceeded 1 mg/1 at Amanzimtoti, Boksburg, Cape Town

(Athlone), Atlantis, Borcherds, Johannesburg (Klipspruit,

Alexandria and Northern).



TABLE 5.5 Chemical Ana lys is of Sewage Wortts I n f l u e n t and E f f l u e n t

tAI I values except pH I n mg/l)

Town

AMANZIMTOTI

BENONI

BLOEW^ONTE 1IM

B0K5BURG

BRAKPAN

CAPE TOWN

ATHLONE

CAPE FLATS

CARLETONVILLE

DIV COUNC CAPE

ATLANTIS

BORCHERDS

DURBAN

SOUTHERN

CENTRAL

NORTHERN

KWAVMASHU-OLD

KWAVMASHU-NEW

In
Out

In
Out

In
Out

i n

Out

i n

Out

In

Out

In

Out

In
Out

In
Out

In
Out

In
Out

In
Out

In
Out

In
Out

In

Out

pH

6.6

7.3

7.5

7.6

7.6

7.6

7.6

7.4

7.5

7.1

7.2

7.0

6.7

7.6

9.2

7.2

7.5

7.2
6.9

7.0

7.2

7.2
7.5

Al Cd

1 1

.2 .2

.016

.011

.009

.008

.1

.1

.001

.001

.00!

.001

Crt

0

0

1
.2

.24

.09

.1

.184

.197

.054

.OB

.017

Cr3 Co Cu

.2

.1

1 1 1

.2 .2 .2

.13 .21

.009 .05

1.67 .014 .393

.01 .007 .013

1

.2 .7

.063

.081

.066

.07

.03

Fa

2
2

3.1
1
4

.4

15

4
18

1

Pb

.5

.2

1

.2

.05

.17

.03

.127

.075

.038

.04

.026

Mn

.1
.01

.14

.04

Nl

0

0

1

.08

.07

.025

.01B

.1

.3

.045

.07B

.071

.07

.016

Ha

120

172
164
112
123

199
210
165
174

Sn Zn

2.7
1.6

2
.5

1
.3

.77

.03

3

4

.316

.337

.344

.34

.078

B Cl

117

126

110

150

155

225

195

161

249

290

194
20B

91

162

159

57

57

CN N03

0

.2

0

2

.2

.42

.37

2.5

11.2

0

4.4

6

S04

117
91

129
126
112
120

P04

24

18

13-4

10

3

12

14

9.4

6.3

24.4
4.8

10

10.2

4B
5

40
15

16

TDS

648

300

300

850

790

740

890

750

597

550

982

B70

B56

767

906

957

771

784

SETS

7

B.5

10

0

8

0

8.5
0

8
0

30.7
.1

18
.1
11
.1

7.9

1.3

5.9

.3

9.B

7.1

6.4

SUS

426

174

5

19
12

307
31

629

12

24

494

12

380

16

242

146

271

9B

383

39

304

14

257

14

OA

85

22

70

50

5

65

5

45
7

91

26

85

14

10.5

71
66

76
56

47
6

44

5
42

5

BOD

785

317

42

457

3

477

20

284

368

233

197

4

300

4
292

4

COO

1116

202

BOO

120

650

50

BOO

50

688

65

BBO

181

1128

63

62

1128

55

1023

73

799

37

856

547

580

58

641

33

609

33

Ln
tn



TABLE 5.5 ( con t i nued )

Town

GERHISTOM

WATERVAL

DEKEMA

RONDEBULT

HEIDELBERG

J OHANNESBURG

GOUDKCPPIES

KLIPSPRUIT

ALEXANDRA

NORTHERN

OLIFANTSVLEI

KEtfTON PARK

K tfeERELY

HOMEVALE

KIMBERELY

BEACONSFIELD

KLERKSDORP

In

Out

In
Out

In

Out

In
Out

I n

Out

In

Out

In
Out

In
Out

In

Out

In
Out

In
Out

In
Out

In
Out

In

Out

PH

7.2

7.4

7.3

7.5

6.B

7.3

7.4

7.4

7.4
a.t
7.4

7.8

6.9

a

7.5

B.4

7.6

8.4

7.6

7.7

7.7

Al

.77

.13

3.7

1.1
1
1

.24

.11
.8

.16

Cd

.015

.OOB

.021

.024

.003

.003

0

.001

.005

.005

Cr6 Cr3

1

0

.26

.056

.68

.14

.046

.048

.003

.01 a

.002
0

Co Cu

.42

.16

.a

.24

.11

.11

.12

.011
3
0

Fe

1
0

2.1
.64
9.6

1.2

.98

.98

.26

.23

1
0

Pb

.1
.014

.12

.008

.019

.019
.003

.041

Mn

.2

.12

1.1

.028

.087

.087
.11

.028
.15
.08

.1

Nl

.23

.18

.47

.19
.073
.073
.043

.19
.2

.14

Nd

148

113

96

91

100

89

80

80

84

83

150

150

Sn Zn

.3

0

14
.5

2.1

.78

1.2
1.2
1.2

.22
.2

.08

B Cl

B3

80

130

120

77
67

67

7.6

7.5

1 80
.47 80

145

245

110

CN N03

a.5

6.3

4.7

0

2.6

0
4.4

0

68

0

0

0

6.9

6.1
1 0
1 2.1

.5

6.2

.04

S04

200

1.5

170

250

190

P04

19

4.6

23

13

16

10

17

11

3

7.2
65

3.9

4.8
4.8
4.9

3.6

2.9

10

8.7

TDS

720

583

748

703

1098

807

492

583

610

600

580

530

520

600

1202

1202

950

SETS

9.6

0

10

0

7.1
0

10

0

10
.1

14

0

5

0

7.5

.2

9B0

SUS

16

425

19

315

24

144

.6

240

21

600

78

160

9

250

11
190

22

14

23

OA

79
9

71
9

96

13

53

6

55

8

120

43
6

43

5

48

9

110

8

92

5.4

36

5.4

46

7.2

5.5

BOO

210

11

210

39

120

6

200

6

200

9

5.5

COO

1011
55

930
74

1232
98

680
44

740

55

1300
220

530

47
580

41
570

73
1100

70

1180
70

419

70

504

45
CXI



TABLE 5.5 { con t i nued)

Town

KROONSTAD

KUILSRIVIER

LYDENBURG

NEL SPRUIT

NEWCASTLE

NEW GERMANY

NIGEL

H BICKLEY

CF GRUNDLING

MARIEVALE

PARYS

P 1ETERMAR1TZBURGH

PORT ELIZABETH

INDUSTRIES

DOMESTIC

I n
Out

I n

Out

In

Out

In
Out

I n

Out

In

Out

In

Out

In
Out

In

Out

In
Out

In

Out

In
Out

In

Out

7

6

S

7

6

7
B

7
7

7
7
7
7
7

7

7
6

7

6

7

6

7

PH

.4

.9

.1

.3

.9

.4

.1

.4

.0

.1

.5

.6

.2

.0

.2

.1

.9

.0

.7

.9

.9

. 5 .

Al

.12

.11

.1

Cd

.03

.04

0

0

0

0

0

0

0

0

Cr6

0

0

0

0

0

0

0

0

Cr3

.01
.OOB

.36
.3

2
2

.8

.2

.4

.1

Co Cu

.004 .028

.004 .034

0

0

.2

.1

.1

.1

Fe

.42

.29

.23

.12

1
0

.1
0

0

0

.9

9.6

Pb

.027

.018

.6

.3

.2

.1

Mn

.956

.066

.16

.2

.1

.1

.1

Nl

.015

.012

.5

.1

.1

.1

.1

No

19.7
20.3

192
1B6

141

109

6B

61

66

43

Sn Zn

.076

.098
.54
.35

.3

.2

.1

.1

.1

.1

.2

.1

2.6
.7

1.3
.2

B Cl

48

.02 34.5

.03 37.8

54
54

124

CN N03

4.8

5.2
76
66
4

26

16

0
16
0

12
0

7.2

1
.02
3.9

7.5

6 .8

S04

34

66

7

P04

9.4

5
17
20
78
47
8
B

6.4
6.4
4.2

3.4

2.8

2.B

12
3

TDS

550

364

280

325

280

426
349

1258

1116

726
510
491
382

1000

374
262

SETS

11
.05

2
.5

240
96

9
.5
21

15
0

15
0

7
0

950
45

12

9

sus

10

25
12
35

20.2
70

9

76

13

98

9.4

375

8

201

5

53

189

12

808

129

493

27

OA

9.2
39
11
40

9

35

15

46

9

36

8

6B

12

84

9

18

3

IB
38

5

123

25

59
10

BOD

192
4

41

8

6.4

220
399

COO

60
582
62

488
40
88
10

120
48

172
41

574

82

1080
36

610

31

121

60
38

1448
256

794

101



TABLE 5.5 ( c o n t i n u e d )

Town

PRETORIA

BAV lAANSPOORT

DASPOORT

ROO1WAL

RUSTENBURG

SCOTTBURGH

SPRINGS

ANCOR

MCCOt©

STELLENBOSCH

U1TENHAGE

VEREENIGING

WELKOM

THERONIA

W I I P AN

WESTONARIA

W1TBANK

ZEERUST

In

Out

In

Out

In

Out

In

Out

In

Out

i n

Out
In

Out

In

Out

In

Out

In

Out

In

Out

In

Out

In

Out

In
Out

In

Out

PH

7.7
7.9

7.4

7.9

7.2
7.6

7.5

7.1

6.9

6.8

7.6

7.5

7.7

6.5

7.4

7.3

7.7
7.9

B.O

6.9

6.5

4 .5

7.6

7.5

8.0

A l Cd

.3 .025

.3 .025

.02

.03

Cr6

.13

.07

.2

0

5.4

.05

.14

.11

.4
.02

Cr3

.35

.07

.02

.02

Co

.11

.03

0

0

Cu

.OB

0

.037

.024

.05

.06

.1

. !

Fe

.23

.049

.3

.55

1.7

.5

Pb

.077

.066

.02

.02

.2

.02

Mn Nl

.15

.03

0

0

.11

.08

.109 .019

.058 .016

.3

.13

.13

0 0
0 0

Na

108.
102

100

B5

130

145

113

82

90

Sn Zn

.42

. I B

.4

.12

1.97
.19

.101

.117

.15

.17

0 3
0 .1

B Cl

76
76
63

63

109

109

12 n o
12 94

96

85
67
70

300
360
941
123

126
145
120
120
43
44
63
65

CN N03

2.4
45.7

2.2
25.6

49
13.6
126

13.3

14.5

9.B
50

.01
0 10

.1
22

6

9

0
0

.2
11

S04

118

264
161

183

184

230

240

260

P04

33.9

16.7

21

9.2

28

2B

38

36

8.5

6.8

13

7
13

15

30.4

25.3

26

25

8.6

10.4

2.7

1.8

TDS

461

415

65 8

625

609

486

740

BOO

BOO

B50

894

555

457

SETS

9.6

0

8

0

14.6
0

16
0

14

10
0
7
0

7.2

0
B

0

10

0

9

8.45

4
0

SUS

11

25

14.3
774

5
302

16

16

IB

100
6

15

.02

.02

152

18

202

24

OA

54.2
7.3

37
8.4

51
8.6
100

9
16
7

62

9.4

31

7.2

86

13

54

19

82

11

25
3.5

17

2.8

44

11

BOO

369

4.3

296

20

336

8.6

380

17
520
26

COD

815
58

577
75

784
74

1157
54

623
52

B57
70

550
71

1057
98

740

200

975

83

723

53

470

32

469

6.6

459

116

t24

U l
CD
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- Boron exceeded 1 mg/1 at Rustenburg and Kempton Park.

- Chlorides exceeded 300 mg/1 at Uitenhage.

- Cyanide was only determined at Uitenhage (0,01 mg/1) and Kempton
Park (1 mg/1).

- Nitrates exceeded 50 mg/1 at Nelspruit and Stellenbosch.

- Sulphates exceeded 150 mg/1 at Johannesburg (Goudkoppies,
Olifantsvlei), Kepmton Park, Rustenburg, Springs, Uitenhage and
Vereeniging.

- Phosphates exceeded 20 mg/1 at Amanzimtoti, Cape Town (Cape
Flats), Atlantis, Borcherds, Germiston (Dekema), Newcastle,
Pretoria {Baviaanspoort, Daspoort, Rooiwal), Rustenburg,
Uitenhage and Vereeniging.

- TDS exceeded 1 000 mg/1 at Germiston (Rondebult), Kimberely, Nige
1 (H. Bickley) and Parys.

The quality of the Sewage Works effluent was compared to the
minimum, median and maximum values of international standards for
toxic pollutants in river/dam water and in drinking water*63'
(Tables 5.6 and 5.7).

Maximum values for river water are frequently exceeded. The
maximum values for drinking water are exceeded by :-

Amamzintoti lead

Boksburg cadmium

Pietermaritzburg chrome

Port Elizabeth chrome, lead, nickel
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5.7 South African Electroplating Chemical Consumption

An unsubstantiated estimate of the consumption plating chemicals in
South Africa is given in Table 5.9. Not al l the metal is plated
on the product and the mass of chemicals which enter the effluent
system would depend on the efficiency of the particular plating
process.

5.8 Individual Metal Finishing Firms Effluent Characteristics

The characteristics of 131 individual metal finishing firm's
effluent are given in Table 5.8.*

The total water usage of these firms was 8 800 Ml/year and they
produced 6 880 Ml of effluent and 6 880 cubic metres of sludge.
Two firms were exempted from the municipal bye laws, 34'firms had
problems in treating their effluent to the required standards. A
total of 92 firms had some type of inhouse effluent treatment
system, 22 had no effluent treatment system (information as to the
other 17 was not given). All the metal finishing firms in
Johannesburg discharged directly to sewer. Special discharge
conditions were imposed on 21 firms.

*In order to p r e se rve c o n f i d e n t i a l i t y t a b l e 5.8 has been
removed from th i s edi t ion of the repor t .



TABLE 9.6 Conparlson Between Sewage Worfcs Ef f luent ond River Water Standards (Table 4.12)

Towns

Amanzlmfott
BenonI
Bloemfontei n
Bcksburg
BrApan
Cape Town

Athlone
Cape Fl ats

Carletonvl I le
Dl v Councl 1 Capo

Atlant is
Borcherds

Durban
Southern
Central
Northern
KwoMashu-Old
KwoMashu-New

Germ) ston
Watervol
Dekema
Rondsbu I t

Heldel berg

pH Al Cd Cr 6 Cr 3

A C C

B C
B A

A

Co Cu

B

C

C

B

B

a

Fe Pb

C

C

C
B

B

B

Mn Nl

C

C

B

B

Na Sn Zn B

C

C

C

A

C

C

Cl

A

A

A
A

A
A

A - exceeds mi nl num value
B - exceeds mad) an value
C - exceeds max! num value



TABLE 5.6 (continued)

Towns

Johannesburg
Gouckoppl es
Kllpsprult
Alexandra
Northern
Oil fantsvlel

Keitpton Park.
Kl mberely

Homevale
Kl mberely
Beaconsft eld

K lerksdorp
Kroonstad
Kul Isrl vter
Lydenburg
Nelsprult
Newcastle
New Germany

Nigel
H Bldt ley
CF Grundll ng
Marl evale

pH Al

A

A
A
A

A

A

Cd Cr6

B

B

A
B

C

« >

B

A

A

C

Co Cu

B

B

B

B

B

Fa Pb Mn Nl

C

C
A

C C

c

Na Sn Zn B

C

C

c

A

A

C

c
c
c

Cl

A
A

A

A

A

A

A

A - exceeds mi nl num value
B - exceeds medl an value
C - exceeds max I num value

en



TABLE 5.6 Icontl nued)

Towns

Parys
P1 etermarj tz burg
Port Elizabeth

1 ndustrl es
DomestI c

P re tor i o
Bavl anspoort
Ddspoort
Roolwal

Rustsnburg
Scott burgh
Sprl ngs

Ancor
McComb

Stol lenbosch

L) 1 tenhage
V ereenl gl ng

Wetkom

Theronl a

Wltpan
Westondrl a
Wltbark
Zeerust

pH Al Cd

A B

8

C

Cr6 Cr3

C

c
c

B
B

B

C

A

A

A

Co Cu

B

B

A

A

B

B

B

B

Fe Pb

C

C

B

A
A

A

Mn Nl

C

C

A

C

C

C

Na Sn Zn B

C

c
c

c
c
c
c

c
c

c

Cl

A

A
A
A
A

A

A

A

A

A
A

A

A - exceeds ml nl num value
B - exceeds radian value
C - exceeds max! num value

en



TABLE 5.7 Conporison between Sewage Works Ef f luent and DrlfKIng Water Standards (Table 4.11)

Towns

A ma n j l mtotl
Benonl
B loemfontel n
Bcksburg
Bra\pan
Cape Town

Athlone
Cdpe F 1 dts

Carletonvl 1 le
Dl v Councl 1 Cape

Atlantis
Borcherds

Durban
Southern
Central
Northern ,
KwoMashu-Old
KwaMashu-New

Germi ston
Waterval
Dekema
Rondebu I t

Heidelberg

pH Al Cd

B C

B

A

Cr6 Cr3

B

B

B

B

Co Cu

B

A A

A
A

A

A

Fe Pb

C

B
A

B

A

Mn Nl

B

B

B

No

A

A

A

A
A

A

Sn Zn B

A

A

A

A

A

Cl

A

A

A

A

B

A

A

A

A - exceeds mi nl mjm value
B - exceeds median value
C - exceeds maxlnum value



TABLE 5.7 (continued)

Towns

J ohannestujrg
Gouckoppl es
Kllpsprult
Alexandrd
Northern

Oil fantsvlel
Kenpton ParK
Kl inhere ly

Homevale
Kl mberely
Beuconsf leld

K lerksdorp
Kroonstdd
Ku 1 I srt vl er
Lydenburg
Nelsprult
Newcastle
New Germany
MI gel

H Blckley
CF Gnindll ng
Mart ovale

pH At

A

B

A

A

A

Cd

A

A

A

B

Cr6 Cr3

B

B

B

Co Cu

A

A

A

A

A

Fe Pb Mn Nl

B

B

A

A B
B A

A

A
A

Sn Zn B

A

B

A

A

A

Cl

A

A

A

A - exceeds mlnlmjm value
B - exceeds median value
C - exceeds maximum value

CTl

en



TABLE 5.7 (continued)

Towns

Porys
Pletermorltzburg
Port ElIzabeth

Industries
Domestic

Pretoria
Bovlaonspoort
Daspoort
Rootwal

Rustenburg

Scottburgh
Springs
Ancor
McComb

Stellenbosch
Ultannage
Vereentglng
Wolkom
Theronla
WItpan

Westonarta
Witbank
Zeerust

pH Al Cd Cr6

B B

B
B

Cr3

C

B
B

B
B
B
B

Co Cu

A
A

A

A A
A

A

Fe Pb

C
C

B

Mn HI

B
C

A

B

B
B

No

A

A
A

Sn Zn B Cl

A

A
A

A

B
B

B
B

A - exceeds minimum value
B - exceeds median value
C - exceeds maxI mum value en

01
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In order to preserve confidentiality table 5.8 has been
removed from this edition of the report.
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In order to preserve confidentiality table 5.8 has been
removed from this edition of the report.
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in order to preserve confidentiality table 5.8 has been
removed from this edition of the report.
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in order to preserve confidentiality table 5.8 has been
removed from this edition of the report.
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TABLE 5.9 Estimated Consumption of P la t ing Chemicals

Chemical

Cyanide

Chrome

Cadmi urn

Copper

Nickel

Tin

Form

KCN ; NaCN

Chromic acid

metal

metal

metal

NiS04 ; NiCl2

metal

Annual Consumption

ton/yr

150 - 400

250

50

200

250

200

5 - 5 0
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CHAPTER 6 CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

(i) Legislation exists to control and regulate the use of water

and the discharge of effluents from the plating industry.

Embodied in the legislation are provisions relating to

specific water consumption, the installation of erfluent

treatment systems and exceptance limits for the chemical

consumption (even if discharge into a municipal sewer

system).

(ii) Technology is available to achieve the limits specified by

the US EPA (Table 3.1). Sewage works with well operated

primary and secondary biological treatment have removal

rates for regulated metals (chromium, copper, nickel and

zinc) of between 20 to 70%, BAT (best available technology

economically achievable) is capable of removal levels of

972 or more.

(iii) Technology is available to enable certain plating solutions

to be regenerated and recycled.

(iv) Metal finishing is a major point source of heavy metals.

(v) The presence of heavy metals in the influent to a few

sewage works interfers with the operation of the sewage

works.

(vi) At a number of sewage works the concentration uf heavy

metals in the effluent from the sewage works exceed the

limits laid down in various international standards for

both drinking water and river/dam water. This Could have

serious implications in the reuse of the water either as

return flow or as reclaimed water.

(vii) The accumulation of heavy metals in the sewage sludge could

limit management alternatives as to the disposal of the

sludge.
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(viiO The operation of the effluent treatment plants at metal

finishing factories was very variable as indicated by the

concentration of heavy metals in the effluent.

(ix) Conventional effluent treatment results in a significant

increase in the total dissolved solids content of the

effluent.

(x) The disposal of metal finishing sludges to land fill sites

was not investigated.

6.2 Recommendations

6.2.1 Water Reduction

The first phase for an inhouse effluent treatment programme must be

the reduction of water usage by the introduction of multiple

counter current rise tanks preferably with water addition under

conductivity control. The metal load from a conventional

(precipitation) effluent treatment plant is directly proportional

to the effluent volume hence reduction in water volume will also

achieve a reduction in metal load. In the case of the

installation of advanced effluent treatment/recycling processes,

the reduction of effluent volume will lead to a reduction in both

operating and capital costs.

6.2.2 Effluent Treatment

Conventional (precipitation) treatment is capable of achieving
relatively low concentrations of heavy metals. The system is
unsuitable if there are chelating or complexing agents present.
In addition the salt load of the effluent is increased
significantly. Recent overseas research has concentrated on
resource recycling in preference to pollution abatement. This
approach is suitable for dedicated plating lines but not for
diverse plating operation which take place in jobbing shops. A
number of alternative effluent treatment systems have been
installed overseas with varying degress of success. Encouragement
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must be given to the implementation of inovative technology to

recycle metals and water and eliminate the discharge of effluents

to sewer.

6.2.3 Future Research

Future research should concentrate on reducing or eliminating the
discharge of heavy metal effluents. At the same time attention
should be paid to the reduction in inorganic salt load. The final
objective should be the isolation of metal finishing firms from the
sewage treatment system by the application of closed loop recycling
within the factory. Tne treatment processes that should be
investigated are :

(i) electro-chemical
(i i) membrane
(i i i) electro-membrane

Local research should concentrate on the isolation of metal

finishing firms from the sewage treatment system by closed loop

recycling within the factory.

6.2.4 Technology Transfer

The metal finishing industry is highly fragmented and consists of a
large number of facilities. Consideration should be given not
only to demonstrating existing and inovative technology to the
industry but also in the up grading of existing facilities.

6.2.5 Ultimate Sludge Disposal

Greater provision of suitable sites should be made for the
controlled dumping of potentially toxic sludges from tne metal
finishing industry. Monitoring programmes should be implemented
in order to assess the effects of heavy metals in the agricultural
use of sewage sludge and the effect of heavy metals in aqueous
disposal of treated sewage.
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APPENDIX 1 Some Chemicals Used in the Metal-Finishing Industry (19)

Chemical

Aluminum potassium sulphate1

Aluminum s i l i ca te

Ammonium acetate

Ammonium bif luoride

Ammonium chloride

Ammonium ci t rate

Ammonium hydroxide

Ammonium molybdate

Ammonium ni t rate

Ammonium sulphate

Anisic aldehyde
Antimony potassium tar t rate

Barium carbonate

Barium sulphate

Benzene

Boric acid

Cadmium cyanide

Cadmium sulphate

Calcium nitrate

Chromic acid

Ci t r ic acid

Cobalt carbonate

Cobalt sulphate

Cupric sulphate

PH
adjustment

required

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Cyanide

or
chromi urn

treatment
required

X

X

Waste products!

MS.DS

MS.DS

DS ,NH3

MS ,DS ,NH3

DS ,NH3

DS,NH3,0

DS ,NH3

MS .DS ,NH3

DS.NH3

MS ,DS ,NH3

0

MS ,DS ,0

MS

MS

0

DS

MS,DS

MS ,DS

DS

MS.DS

DS.O

MS

MS.DS

MS.DS

= metal s ludge; NH3 = ammonia; DS = d i s s o l v e d s o l i d s ; 0 = organic matter



APPENDIX 1 (continued)

17 6

Chemical

•

Diammonium phosphate

Ferric nitrate

Fluoboric acid

Formaldehyde

Glue

Glycerine

Hydrazine sulphate

Hydrochloric acid

Hydrofluosilicic

Hydrogen peroxide

Hydroxyacetic acid

Hypophosphorus acid

Indium sulphate

Iron oxide

Isopropanoi

Lard oi l
Lead fluoborate

Lead oxide

Lime (calcium hydroxide)

pH-

adjustment

required

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Cyanide

or

chromium

treatment
required

Waste products!

MS ,DS ,NH3

MS.DS

MS.DS

0

0

0

DS

DS

HS.DS

DS,0

MS ,DS

MS.DS

MS

0

0

MS.DS

MS

MS

IMS = metal sludge; NH3 = ammonia; DS - dissolved solids; 0 = organic matter
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APPENDIX 1 (continued)

Chemical

Magnesium sulphate

Manganese carbonate

Manganese sulphate

Methanol

Monoammonium phosphate

Nickel carbonate

Nickel chloride

Nickel sulphate

Nickel sulfamate

Ni t r ic acid

Oxalic acid

phosphorus acid

Potassium bromate

Potassium ci trate

Potassium chloride

potassium copper cyanide

Potassium cyanide

Potassium ferricyanide

Potassium hydroxide

Potassium phosphate

Potassium stannate

Potassium thiocyanate

PH

adjustment

required

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Cyanide

or

chromium

treatment

required

X

X

X

Waste products*

MS.DS

MS

MS.DS

0

MS ,DS ,NH3

MS

MS.DS

MS.DS

MS ,DS

DS

MS ,DS

MS ,DS

DS

DS.O

DS

MS.DS

MS.DS

MS.DS

DS

MS.DS

MS.DS

DS

IMS = metal sludge; NH3 = ammonia; DS = dissolved solids; 0 = organic matter
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APPENDIX 1 (continued)

Chemical

Sodium acid pyrophosphate

Soda ash (sodium carbonate)

Sodium bicarbonate

Sodium b isu l f i t e
Sodium bi.fluoride

Sodium c i t ra te

Sodium copper cyanide

Sodium cyanide

Sodium dichromate

Sodium fluooborate

Sodium gluconate

Sodium hexametaphosphate

Sodium hypophosphite

Sodium hydrosulfite

Sodium hydroxide (caustic soda)

Sodium metasilicate

Sodium molybdate

Sodium ni trate

Sodium orthosi l icate

Sodium polysulfide

Sodium stannate

Sodium sulphate

Sodium sulfide

Sodium su l f i te

Sodium tripolyphosphate

Stannous fluoborate

Stannous sulphate

P
adjustment

required

X

X

X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X
X

X

X

X

X

Cyanide

or

chromi urn

treatment

required

X

X
X

Waste productsl

MS.DS

DS

OS

DS

MS.DS

DS,0

MS.DS

DS

MS.DS

MS.DS

MS .OS

MS.DS

DS

DS

MS.DS

Ms.DS

DS

MS.DS

MS.DS

MS.DS

DS

MS .OS

DS

MS.DS

MS .DS

MS.DS

= metal sludge; NH3 - ammonia; DS - dissolved solids; 0 = organic matter
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Chemical

Stearic acid
Sulfamic acid

Sulfur ( l iquid)

Sulfuric acid

Tallow glyceride

Tartaric acid

Tetrapotassium pyrophosphate

Tetrasodium pyrophosphate

Toluene

Trichlorethylene

Trichloroethane

Trisodium phosphate

Xylene

Zinc chloride

Zinc cyanide

pH

adjustment

required

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Cyanide

or

chronri urn

treatment

required

X

Waste products!

0

DS

MS

MS.DS

0

0

MS ,DS

MS.DS

0

0

0

MS,OS

0

MS.DS

MS,DS

IMS = metal sludge; NH3 = ammonia; DS = dissolved solids; 0 = organic matter
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APPENDIX 2.

Dear S i r ,

NATIONAL SURVEY INTO WATER MANAGEMENT AND EFFLUENT TREATMENT

The Pol lut ion Research Group of the University of Nata l , Durban is

undertaking an investigation into the water management and ef f luent

treatment in the processing of :

( i ) Metals (metal p la t i ng , fabr icat ion, machining and

finishing),
( i i ) Fermentation products (beer, sorghum beer, dist i l ler ies

including wine dist i l ler ies and yeast processing
industries),

( i i i ) Pharmaceutic Products (Pharmaceuticals and patent
medicines).

The investigation/survey is being undertaken for the Water Research
Commission 1n close cooperation with the Industries, the Department of
Environment Affairs and Local Authorities to identify problems and
areas where improvements can be made.

The primary objective of the project is to collate existing knowledge on
water and effluent problems of the above industries and to formulate, on
a coordinated basis, the scope for improved effluent treatment, water
management and disposal of effluents.

The second objective of the project is to make recommendations to the
Water Research Commission so that they can initiate, on a priority
basis, research and development programmes for the solution of the
identified problems.

It would be appreciated, therefore, if you would complete the attached
questionnaire with reference to industries (i) to (iii), which discharge
into the municipal sewers. If none of the above industries discharge
into the minicipal sewer please fill in the name of the municipality and
return the questionnaire.
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Please be assured that the information w i l l be treated as confidential

and w i l l not be published in any way which would make i t possible to

identi fy an individual company. The information which we are

collecting w i l l be used by the Water Research Commission to plan future

research.

This is in the National interest and I am sure we can look forward to

your cooperation and help.
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APPENDIX 3.

CONFIDENTIAL QUESTIONNAIRE

METAL FINISHING FIRMS DISCHARGING EFFLUENT TO SEVER

(Information supplied is solely for use by the Water Research Commission
to assess the need for future research in the Metal Finishing Industry
and will not be disclosed to any other party.)

Please fill in a separate form for each firm.

1. Name of firm : .

2. Address of firm

3. Nature of Business :

4. Person responsible for effluent control

5. Annual water consumption :

6. Annual volume of effluent produced

7. Volume or mass of sludges produced
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CONFIDENTIAL

8. Tvpical Analysis of Effluent

PH
Aluminium
Cadmium
Chrome (hexavalent)
Chrome ( trivalent)
Cobalt
Copper
Iron
Lead
Manganese

Nickel
Sodium

Tin
Zinc

Boron
Chloride

Cyanide
Nitrate
Sulphate

Phosphate

Total Dissolved Solids
Oils Fats and Greases

Al
Cd
Crvi

Criii

Co
Cu
Fe
Pb
Mn

Mi
Na

Sn

Zn
B

ci-
CN"

N03-
S04=

P04=

9. Does the f irm have exemption from the bye-laws? I f yes, please

specify :

10. Are problems encountered in treating the effluent? I f yes, please

specify :



184

CONFIDENTIAL

11. Does the firm have i t s own eff luent treatment system? If yes ,

name uni t operations or sketch a flow diagram :

12. Are any special conditions required for discharge (e .g . balancing

tanks , analysis prior to discharge) :
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CONFIDENTIAL QUESTIONNAIRE

SURVEY ON METAL FINISHING, FERMENTATION PRODUCTS AND PHARMACEUTICAL
PRODUCTS

(Information supplied is solely for use by the Water Research Commission
to assess the need for future research in these industries and will not
be disclosed to any other party.)

Please fill in a separate form for each sewage works.

1. Name of Municipality :

{Return the questionnaire if none of the above industries discharge
effluent into the municipal sewers.)

2. Sewerage Works

(a) Type of works? Primary sedimentation

Biological f i l t e r

Activated sludge

Maturation ponds

Primary digestion

Secondary digestion

Drying beds

Filtration

Centrifuge

Incineration

Other (specify)

(b) The final effluent is discharged into

The sludge is disposed by :

(c) Total flow to the sewage works
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CONFIDENTIAL

(d) Total flow of domestic sewage :

(e) Water Tar i f f :

(f) Effluent and treatment t a r i f f :

(g) Please attach a copy of the effluent bye-laws and specify i f
any changes to the bye-laws are envisaged.

3. Heavy Metals

(a) Number of firms discharging metal finishing effluents :

(b) Have any problems been encountered because of the presence of

heavy metals in the incoming sewage, i f yes, please specify?

(c) Is metal finishing a major source of heavy metals in the

incoming sewage?
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CONFIDENTIAL

(d) Analysis of Sewage

pH
Aluminium

Cadmium

Chrome (hexavalent)

Chrome (trivalent)

Cobalt

Copper

Iron

Lead

Manganese

Nickel

Sodium

Tin
Zinc

Boron

Chloride

Cyanide

Nitrate

Sulphate

Phosphate

(d) Analysis of Sewage

Effluent

Al

Cd

Crvi

Cr11

Co

Cu

Fe

Pb

Mn
Ni

Na

Sn

Zn

B

ci-
CN-

N03-

$04=

P04=

(continued)

Total dissolved solids

Settleable solids

Suspended solids

Oxygen absorbed

Biological Oxygen Demand

Chemical Oxygen Demand

Raw Sewage Final Effluent

4. Fermentation Products

(a) Number of fermentation firms discharging effluent to the

sewers? :
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(b) Have any problems been encountered because of the presence of

fermentation products in the incoming sewage? If yes, please

specify :

(c) Are effluents from fermentation products a major load in the

incoming sewage ?

5. Pharmaceutical Products

(a) Number of pharmaceutical firms discharging effluent to the
sewer ?

(b) Have any problems been encountered because of the presence of
pharmaceutical products in the incoming sewage? If yes, please
specify.

(c) Are effluents from pharmaceutical products a major load in the
incoming sewage?
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