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ASSTRACT

A survey on water management and effluent treatment in the South African
wetal finishing 1industry 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 MWater Research Commission so that they could
initiate, on a priority basis, research and development programmes far
the solution of identified probliems,

Literature surveys wer2 prepared on the wmetal finishing industry,
effluent treatment methods for this industry and the effluent discharge
legisiation as applied to this industry 1n South Africa, the United
States of America, Camada and Europe,

A survey of municipalities and Tocal authorities receiving metal
finishing metd) effluent was conducted by means of a questionnaire with
the objectives of :-

(1) 1dentifying and collating problems being associated by sewage
works by the discharge of wastewaters containing heavy metals
into sewage systems,

(11) collecting basic data on sewage discharge by-laws and the
acceptability of metal finishing into sewage works,

(111) assessing the fmpact of the metal finishing effluents on sludge
disposal techniques,

Ind{vidual metal finishing firms were contacted and basic information
was collected on water usage, chemical usage, effluent ¢haracteristics,
effluent treatment and conditions of discharge.

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

8 800 M1/year producing & 800 M1/vear 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

(1)

(11)

(11i)

{iv)

the volume of effivent should be reduced by inhouse measures in
that the metal Toad after conventional treatment by precipitation
{s proportional to effluent volume,

conventiona)l affluent 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 1isolated from the sewer
SYSTems,

consideration should be given to not enly demonstrating existing
and innovative <tachnology but to the upgrading of existing
facilities,

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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INTRODUCT SON
1. General
1.1 The Pollution Research Group, Department of Chemical Engineering of

the University of Hatal were appointed by the Mater Research
Commission 4n 1982 to dnvestigate water usage, wastewater
management, effiuent reclamaticon and pollution control in the metal
finishing industry within the Republic of South Africa.

Terms of Reference

The Terms of reference for the study were to :-

{1) ¢oltate the existing knowledge on water and effiuent
problems of the metal finishing {ndustry,

(1i) survey water usage, chemical wusage and effluent
proeduction within the meta) finishing industry,

(ii3) study the techmiques of the metal finishing industry and
the establishment of the quantity and quality of process
sireams to determine thea scope for the recovery of water
and by-products and possible wmethods 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 1impact of advanced wastewater management
techniques, including closed Toop recycle systams.

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




3.1

3.2

3.3

Mathod of Approach

A survey of Municipalities receiving metal finishing effluent was
conducted by means of a questionnaire,
The main aobjectives of this survey were 1o

(1) identify and collate problems being experienced by sewage
works by the discharge of wastewaters containing heavy
matals 1nto sewerage systems,

{1i) collect basic data on effluent discharge by-laws and the
acceptability of metal finishing effluent into sewage
warks,

(iii) assess the impact of metal Ffinishing effluent on sludge
disposal technigues,

Individual metal Finishing firms were contacted and basic
information collected on watar usage, fimishing, chemical usage,
effiuent characteristics, effluent treatment and discharge point.

Literature surveys were preparad on the metal finishing industry,
efftuent treatment methods For this industry and effluent discharge
Tegisliation as applied to this industry of South Africa, USA, Canada
and Europe.




CHAPTER 1. PLANNING FOR INOUSTRIAL WASTEMATER REUSE AND RECLAMATION

South Africa 15 a relatively arid country with an average rainfall of under
500 em 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 1ess than 300 mm,

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

Tha effective use of frash water supplfes is befng impaired through quality
deterforation brought about by the discharge of partially treated
wastewaters and po¥lution from nom-point sources, Industry, in general,
discharges many substances which are resistant to degradation by
conventional biclogical 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 reciamation systems,

The Commission of Enquiry (2) into Water Matters estimated that 8 700
million m3/a could be saved by improved utfifsation of irrigation water
(17%) and by water reclamation and rsuse schemes (83%), The ratio of
industrial to domestic water usage 1s about 60 : 40. For these reasons, it
is evident that, in the future, industry has a major role to play in the
South ATrican water economy.

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

{1} water recycling
(i) reglamation of industrial wastewaters
{iif} reclamation of sewage for use in

ta) drrigation

(b} cooling systems

(e} 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
gquantities of public water for municipal, urban and industrial
purposes, and the siting of industries using water, to be stri¢tly
contralled, The Act {s administered by the Department of
Environment Affairs, in consultation with the Department of Health
and the South African Bureau of Standards, specjalists 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 raduction of spegific
water use. raflure to comply with any conditions of the permit
could result, as a last rasort, in the supply uf water (regardless
aof source) to be suspended,

After a permit has been jssued the permit holder is ohliged to
furnish the Department with detalls of actual water intake on a
reqular basis, In the event of new technology within a reasonable
time,

In terms of Section 12 of tha HWater Amendment Act, 1984 any
undertaking wnose daily water intake from ali 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.




1.2

1.2.1

Embodfied in the Water Amendmant Act is the philosophy that :-

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

{fi} the industrial activities of the upstream user sheuid not be
to the detriment of the downstream user,

In this way 1t is endeavoured tfo obtain maximum use from the
country's limited water resources.

Effiuent Discharge by Industry

The disposal of industrial effluents may be managed by three main
methods;-

() discharge to public streams

(i1} discharge to municipal sewers

{ii1) industry based treatment and recycle

A1 discharges of effluents, whether permit holders or not, are
obliged to submit regular reports on the quantity and quality of
effluent discharged.

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.

AVl water seeping out or draining from land is considered as an
effluent and has to comply with the gquality standards ({or
exemptions) as the Minister may consider appropriate fo grant in
each instance,  Any discharges into stormwater drains which <an
cause pollution of water are the responsibiiity of the Tlocal
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 measura to isclate polluted effluent from the water
environment, This method of disposal must be phased out with the
‘begst pacticable' means to treat those effluents to acceptable
standards becomes available,

The standards that must be achieved for the discharge to pudlic
streams are prescribed by the Department of Environment Affairs and
comprise 1~

{i} a general standard
(i1) 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

Paramates Guanasal Standard Spacisl S1andyrd
Cofour, odowr, teate nif ni
pH 55— 535 56 - 78
Dixzsabead Oxygen 4] «7s < 7
Temperatury (°£] .1 > 25
Typesl Fascal Cellforms (per 100 mdy il nit
Chennicsl Quypoen Demand (g > >N
Owyper: Absothed img i > 10 *>» 5
Tatal Dissolved Solids > 500 mg/r abave intake 7 155 mbawve intake
Suspended Solids img/f > 25 = 10
Sedium imng /it > 390 showe intake » 5l showve inrake
Soap, of, grasse Img/1 > 38 ni
Rexidudl Chigrine — a3 Ci Img/n » 0 ni
Frag and Spine amwnonia — 25 N (mg/n > 10 > 1
Nitratg — 23 N Impih not spocified 15
Arspnic Imgii » 06 > 0
Beton (mg/i > 10 * 35
Chromium = toas! {mg i > 0% > BOS
Cappar Img/ht » 1.0 » 0,02
Phanol Img/ _ > 81 » 00
Lagd Imp/n > 1.0 > 01
Capper Img /1t » 05 , = 0,02
Eulphides -~ a5 5 Img/it » 10 > 008
Fluawine img /it » L0 > 1.0
2inc Imgin » 50D *»03
Fhasphats — ioml az P imafn Aot specifed® » 20"
won img il non speciied » 01
Manpaness (mg ' Mol apecified » 01
Cvanide — as CH Img/A not spacifiyd » 45

* Inwwmns o Governmant Motice Ko, 7159 of 1 Augost T80, eHivents draining 10 cenam $ensing Jeas sl hawe solubde orthophos-
phete {ax Pl concentrations of less than 1.0 mgf©
4 )n temis ol Gavarnment Notce Me. 7188 of 1 Augusy 1980 this figura has besn amended 1o nol gresrer than 1 mg!f of schobie gnho-

phoaphsie (85 Fl.




1.2.1.1 Exemption from Compliance

1.2.1.2

1,2,2

Section 21(5) of the wWater Amendment Act covers the case where it
would be impractical for an industry to purify its 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.

(ii} the efficiency and * operation of treatment sSystams
available,

(i1} the availability of proven new technology.

{iv} ‘the expected fmpact 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 straam of
arigin. 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 15 subject to revision, medification or
cancellatjon 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.

Sea Discharges

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

Gischarge to Municipal Sewers

The municipalities may accept {industrial effluents into their
sewerage systems and sewage wWorks. The responstbiltity for

effluent purification and dispesal then rests with the
municipality. The municipal use of water is, under the terms of
the Hater Amendment Act, classed as an industria) use and hence al)l
municipal discharges must comply with the relevant standards,




The wunicipalities promulgate their own discharge regulatians (7)
with which industry must comply and charge tariffs for accepiing

industrial effluent. Exampltes of municipal discharge regulations
are given in Tabie 1.2.
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TABLE 1.7 CTOMPARISON OF MUNICIPAL DRAINAGE REGULATIONS WITH WATER ACT "GEMEAAL STANDARD

pH

Faecal coh
Taacived O,
T anae

Chamscal ozygen demand (COM

4h04a
TDS

Elgctricat conductivity ImSrm}

Suspendid solids
Sodhrn [as Ha)

Snap, ol and greass
Subziences noy in solyon

Incl. far, ok, graase, waxes,

ne.l

Substancaa sokibla in petro-

|aum gthar
Chiarides

Frea CI

Frgw and galine MH,
SHver tax Agl

Iron S35 Fel
Cheormiyen {os Lo
Coppor lixs Cul
Nieksl 123 M

Zine (as 20}
Cadmivm las Cd)
Arsanic (az Sa)
Garan [az B}

Lead {ag Fhi
S&lanium (a5 Sal
Marcury laz Hgt
Suiphider las 5)
Flunrades (3s Fl
Phanois
Farmaldehyoe
Cydmides las CHI
Toial sugars and sarch
Tar and 1ar oils nar soluble
If WELES

Caicium carbida
Tatal sulphares

H 5 = Notspecded

Warer Acx Mo,

54, 1958

Ganeral
Standards

565 =95
il
= 15%
-
Fi)
Q

| Mot ncreasing
mare ihan 500

abowe infake
M5,
max, F5

Mot mark than
90 abowe intake

man. 25
NS

M5
M5
maxn. {1

10
M5
H.5.

05
1.0
MNE
5.0
NS,
05
1.0
14
N5,
N.5.
1.4
14
0.1
NS
.5
N 5.

N5

N3

Johanneszburg

= 8.0
M.5.
N3

N5
N5,
} 200
M.5.

50
N.5.
N5

N.5.
200

L
MN.5.
160
M5,
N5,
|
| tqtet cancen-
| wyvian of sl
| merals 5;
| indhividual
Irmmal 20
]
| rotel of mil
1 ramtals 49;
1 individusl
] meral B
0
5
NS,
50
xn
1 %00

N5,
Nil
1504

Ciry drainaga by-laws

Fretorla Durban Cups Town
B — 10 = B0 .5 -~ 120
N.5. M5 LR
N.S. N.S. N.S.
H.5. Fio N 43 *L
S 0 MN.5. N.5.
200 MN.4G. N.S.
2 000 N.S. 1000 — 2000
M.5. M.5. 300 ~ SO0
4.1 2 000 1000
M5, M5 N5
400 L g
N5 NS, MN.5.
#.5. M.5. M.5.
M.5, 1006 MN.5.
N.5. M.S5. M.5.
N5, N.5. NS,
il M5, 5.
NS N.S M.5.
o 50 §
20 L1 |
20 5) |
20 50 | 1ol nae
n 50 : 19 axgesd
N.5 N5, I L u|
N.S H.5. |
N.5 NS, 1
M5 M.5. |
NS, M.5. |
o] %0 =0
M5 NS N5,
MN.S. NS N5
M5, NS M.S.
10 2 i
R 1 500 1 500
1] L3 4] - 1]
Hil Wil Nil
00 200+ 800

*Sulphate o schaban
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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 1into municipal sewers does
not exempt the discharger from the reguirements of the Water
Amendment Act in respect of the quality of the water discharged,
This implias 1Intar alia that the Minister may prescribe
pretreatmant of effiuents before discharge to sewer,

Industry Based Recycling and Reclamation

Industry based reclamiation 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-dedined and being relatfvely
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:-

{1} 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
angther process requiring only Tlow 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-1ine mixed factory effluent treatment and reuse,
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(v) <closed Joop treatment and recycle of wastewater from a
particular source for direct reuse fn the process. This is
often accompanied by recovery of process chemicals,
hy-products and heat energy.

Future Trends

Municipalities planning sewage reclamation schemes will have to
agsess critically their industrial effluents 1in order to preclude
those pollutants that are undasirable, In general it can be
expected that mumicipal discharge requliations will be tightened
aspecially with respect to colour, dissolved saits, heavy metals
and intractable organic compounds,

In the future it can be expected that:-
(¥} discharge conditions will become more strict,

(1i) exemption permits will be examined critically in the light of
new tachnoiogy,

(141} new dams, water works, reticulation systems and seﬁhge warks
will have to become self-fimancing resulting in higher
charges for fresh water and effluent discharge,

1n the longer term, the introduction of a Water Levy Aci is being
considered (5). This proposes that dischargers pay a levy based
on the number of “harmfuiness units" present fin their annual
discharge. The oprogressivaely Jncreasing Jevy s aifmed at
providing an economic incentive to limprove effluents and to
facilitate long term economic planning. -
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CHAPTER 2, LITERATURE SURYEY - METAL FINISHING INOUSTRY

2.1

Introduction

Matal finishing is used to improve the surface of a base material
by:-

- ¢leaning it

- hardening or softening it

- smoothing ar roughing it

- dapositing another metal on jt by chemical exchange '

- electroplating another metal or series of metals, on it
- ¢converting its surface by chemical deposition

- ¢oating it with organic materials

- oxidising 1t by electrolysis

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

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

- corroston resistange

= durability

- asthetic appearance

= alagtrical conductivity

Such processes also fill many special engineering requiremants of
industry such as stress relief, ductility, heat resistance or the
ability to stamp and form metal objects.

The metal finfshing 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




2.2

2.2,1

2.2.2
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product requires metal finished products in quantity, These shops
ara 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 dafly production and chemical consumption,
The small captive shops are usually minor adjuncts to their parent
industries., Their role is to supply metal finished incident2ls to
the principal products. The job shops exists solely on profits
accrued from meta)l 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 a1} changes in metal finishing
technology and products’ end use requirements,

Mechanical Pracesses (5)

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 15 no longer limited to the use of sand as an abrasive.
Tha abrasives may be applied dry, either mechanically or by air, or
wat in a slurry. The operation is generally carried out in 2
cabinet and will range from infrequent cleaning or honing of tools
to very high wolume 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 preducts, such as ground corn cobs; and glass heads.
Dry blasting {s usually preceded by a cleaning operation to prevent
too frequent disposal of the abrastve, In wet blasting the
abrasive 1s suspended in a slurry which will contain wetting
agent, rust inhibitors, and anti-settling agents. As in dry
blasting, pre-cieaning of the work pieces {is usuzlly done to
miniwmize disposal frequency.

Tumbling

Tumbling or burnishing is a process performed by placing the work
in a-barrel and rotating it with or without abrasives, dry or wet,
Its 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, )

yibratory Finishing

When the volume of production per@its, ar particular shape of
fintsh 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. Yibratory machines give an
ns:i1la;1ng motion ta the entire load which consists of the parts,
abrasive media, watier and chemical compounds., The media used in
both tumbling and vibratory finishing including aluminfum
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 tiquids are used when
metal removal by mechanical action 1s desired; neutral liquids are
used when burnishng is required.

Palishing and Buffing

These processes, along with grinding, describe the operations
parformed on workpieces using wheels and abrasives, Grinding
ramovas substantial quantities of material from the workpiece,
palishing remaves some material but leaves fine lines and buffing
simaaths the work and leaves a lustre, Grinding operations use
hard fabricated wheels containing a variety of abrasivas, 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 hida glues, The most widely used abrasives for Doth polishing
and grinding are aluminium oxide and si{licon 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, muslfn, flanngl, and
occasionally wool. Chemical treatments are appltied ta the
material to diapart cutting characteristics or to in¢reases
wearabitity. Abrasives used include matural products such as
tripoli and synthetic aluminium oxide and silicon carbide, In
gach of the above operations substantial exhaust systems are
required and particles of abrasives, metal, cloth and lubricants
are carriad to cyclenes or water scrubbers for removal., In the
instance of scrubbers the resultant slurry must be discharged.

Physical Matal Coating {6)

Galunizi’ng or hot dip zinc coating is the most widely used
physical process since it provides an inexpensive corrosion
resistant surface, Atuminfum coatfng 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 c¢leaners 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,

Horn-Metallic Coating (6)

painting is the most widely used metal finishing process and its
application is well understood. The various prelimimary 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 orocesses has potential disposal problems in materials
reu‘ined by wash water spray booths,
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Chemical Processas (6)

Chemical Cleaning

yapour degreasing is a process used to remove s50ils soluble in a
solvent and other foreign matter which may be entrapped but which
willt be loosened by the solvent and washed away by the 1iguid
action as the vapour condenses, TJhe solvents mosi fregquently used
are trichlorethylene, perchlorethylene, and methylene chloride,

The accumulation of s0i1 necessitates periodic cleancut of sludge,
If the volume is sufficient, the contaminated solvent may be
recovered by distillation.

Four classes of sgak cleaning can be used:-

{a) Emulsifiable solvents, emulsion cleaners and diphase cleaners
are used to remove gross s5oil from the work. These contain
petroleum or organic solvents. The operation is performed
in tanks and the cleaners function by emulsifying and
dissolving tha' solids, which settle to the bottom of the
tank,

(b} Detergents which contain buffering salts, sequestaring
agents, dispersants, inhibftors, wetting agents and/or soaps
are a second category of cleaners. Detergents wet,
emulsify, disparse 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 01 and meta) oxides and to
produce Jight phosphate coatings. They may he e&ither
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 s primarily used to remove scale, rust and solder from a
varfety of metals.  Acids used include nitric, hydrochloric,
hydrofiuoric, 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.

Stripping of metallic coatings

This operation is used tc 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;

{b) Sodium hydroxide and sodium carbonate;
(¢} Phosphoric acid with triethanolamine;
{d) Socdium cyanide and sodium hydroxide;
(e) Nitric acld;

{f) Phosphoric acid and chromic acid;

{g) Nitric acid ard hydrefluoric acid,

Phosphating

Phosphating 45 a process designed to change a relatively unstable
metalli¢c 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 meta)l forming capability such a5 in extrusions,
and to provide a base for lubricants,




2.5.4

2 '5.5

13

() To improve the corrosion resistance of metals by providing a
base for waxes and oils,

The hasic chemicals used are 2zinC and iron pheosphates with
phesphoric acid, Manganese phosphates are occasionally used for
extreme conditions. Concentrations vary from 5-10% by volume,

Chromating

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

The bath is always acidic, ¢ontaining hexavalent chromium campounds
such as chromi¢ 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 batn. The freguency of
disposal 1s influenced by the attention given to bath control,

Electroless plating

Ismersion plating is the simplest form of electroless plating and
the best known applicatjon is tinning, A great variety of
household utensils are treated with this process and it is widely
used findustrially. Electroless plating may also take place by
¢hemical reduction or auto-catalytic reduction, The Tlatier
pracess is now widely used in depositing a metal layer aon plastic
50 that the part may be subsequently electroplated. OF the metals
that may be deposited this way the Tlargest application is with
capper and nickeT, In addition, copper {5 used as a deposit on
circuit boards, and nickel on moulds or dies, [0 the latter case
nickel {mparts hardness, natural Jlubricity and anti-galling
characteristics,

In the application of either copper or nickel as the substrate in
the plating of pltastics, a pre-plate procedure {5 required, This
process includes the application of strong etcaants, such as
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chromic acid, acid neutralisers, catalysts and accelerators, The
catalyst will most 11kely be palladium chioride and the accelerator
a stannous <¢hioride solution. The copper plating bath will
probapTy 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.

Bright Dipping

Bright dipping is & special application of pickling, performed on
aluminiym, cadmium, cnppeﬁ, steel, zinc and stainless steel,
Because of the vigorous chemical action of pickling and bright
ﬁipping,'a heavy metal load accumulates in the baths and periodic
disposal is required,

Mild acid baths with & concentration of 3% or tess are used Tor
light etching to improve adhesion of coatings and for surface
activation,

Matal Colouring

A wide variety of colouring effects are obtained on metals by usfng
dips, e.q9,, antiqueing and the blueing of yun barrels

Most of the antiqueing effects are obtained from alkaline sulphide
solutions and thiosulphates. One formula for gun bluaing cantains
copper sulphate, mercuric chloride, ferri¢ chloride, nitric acid
and denatured alcohal,

If present fin any quantity in an effluent the sulpnides may
Tnterfere with waste freatment,
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Electrolytic Processes (&)

Elactrocleaning

Electrocleaning is a process used as a final preparation of parts
after heavy sopil 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, A5 in all the electrochemical
processes that will be described the electrical source will be
direct current at reilatively low voltages and high amperages., The
function of electrocleaning is to remove remaining soil and to make
the surface chemically active,

Anodizing

Anodizing {5 a process used to produce an oxide ¢n a metal in a
controlled manner, Its purpase is to give the base metal a
corrosion resistant surface with some capability for resisting
abrasjon. It will also present a surface capable of accepting
other finishes and, particularly in the case of aluwminium, for
accepting dyes, Wnile some lYimited anodizing 1is performed an
zinc, by far the greatest amount is done on aluminimm, For alioys
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 2acid hkath will have 15-20%
sulphuric asid. The war¥ s anodic and the anodizing may be
followed by a szealing Dath containing 45 g9/1 sodium dichromate.
A typical process sequence for anodizfng might be: vapour or
alkalfne soak degreasing - electroclean - acid dip - electropolish
- of 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-depositicn of an adhersnt metallic
coating upon an electrode, which is the workpiece, for the purpose
of obtaining a surface with properties or dimensions djfferent from
those of the basic metal, These properties wmay include
improvement of appearance, corrosion protection, wear resistance,
etc. The operation takes place in aqueocus solutions containing
the metal jon to be plated, The work piece is cathodic and in
most instances the metal 1ion 1is constantly rveplenished from an
anode containing the metal. A notable exception 15 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 %fyplical sequence would be:

{a) vapour dagrease or scak clean in an emulsion or detergent
cleaner

{b} spray clean in a detergent cleaner

{c) electrociean 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 Jlatter on copper Or brass, Additional layers of
electroplate may also be applied. For example in the plating of
zinc die castings, itwo 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 (6)

chromlum | Gopper 1 | Mickel | Copper 2 | Zinc 1 Zlec 2 Tin
Chromic Acid 200
Sulphuric Acld 1,5 60 55
Metal Sulphate 200 350 180 a0
Mwtal Chicrlde 4% 140
Coppar Flouborats 50
Boric Acld 40
Phenc:| Sulphonle Ackd 40
Sodlum Acetatw 45
Alumlnlum chlorlde 2%
Sodluws Chioride 250
Brlghtone arganic | erganic
Tataparaturs oC £0=50 F 0w 45= 60 20=50 25=50 bl )

(concentrations sxpresgsed in 971}

The following notes apply to acid plating baths;-

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

chromium s finding increasing application for
non-reflecting surfaces and for this acetic acid is used in a

1:1 ratio with chromic acid,

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 mw.

(a}

acid,
{b) black
{¢)
{d)

acid copper plating 1is finding increasing use as new
developments improving levelling action make it useful in

plating unbuffed plastic and other parts.




(e}

(£}

{g9)

(h}

(1)
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the brighteners used in nickel plating impart the appearance
characteristics and grain structure of ihe deposit. White
low 1n concentration, their organic mature may interfere with
a waste treatment Or recovery system.

nickel is also plated from a sulphamate bath where control of
internal stress and fatigue is important,

nicke! plating is one of the most widely used and is5 most
often found as part of a multi-layer system, 1t has the
cambined charactaristics of hardness, appearance and
corrosion resistance,

zinc plated from ¢yanide baths has a better appearance than
that plated from acid baths, but the acid bath {s cheaper to
operate, Sulphate baths are used to plate on malleable iron
and strip steel. Chloride and alkatine baths are now oh the
markeg, They give a good appearance and are being offered
as substitutes far cyanide zing plating.

tin plating from acid baths finds its main application In
strip and wire plating,

Typical cyanide plating baths are shown in Table 2.2.




TABLE 2.2

Cyanide Plating Baths (6)

Low ON High Spesd
Zine [Zinc | {adwivm [ Copper ! | Coppar 2 Gold 5hivar Tin

Metai Cyanlde 75 12 25 75 2 1
Codnlum Ox]ds 22
Sodlum Hydrox]de 110 S0 15 4 a0
Patess|un

Hydroxida 3 25
Fochelle Salt 45
Sodlum Cerbonate 73
Potssslum

Cerbonate 1%
Patasslun

Stannote 400
Tin Hatal 160
Palysulphide i
sodium Cyenlde 40 4 a0 35 100
Fotoaslum

Gyan)de T =
Brightwmers org.’ lorg./ ot O1pat

Mat, | Mat. Mat. grganic | Orgamric| Phos

Tesperatyre o3 fooa | foom Rooa &0 ] 85 35-46 80

(eoncentrations spressed In ¢/ 1)




The following notes apply to cyanide plating baths:

(a)

(b}

{c}

{d)

(e}

{f}

(g}

{h}

{1)

zinc plating from cyanide Daths is one of the most used
plating operations, while it is primarily used for
corresion protection, post-plating treatments can produce a
decorative appearance,

1ow cyanide baths require more care in operation,

Cadmium, while more expensive than zint is used where
superior corrosion protection s required. [mprovements 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,

cadmium has not Jent itself readily to low cyanide
formulations.

copper plating from cyanide baths is always used in plating
zinc die castings,

the two formulations of copper, {1} and (2} above, are
frequently found in successive baths with no rinse batween,

brass plating is a mixture of zinc apd copper solutions.
Cyanide levels tend to be higher.

gold's appiication as a decorative plate is well known and
the forsulation shown is for this type. Industrial usas are
increasing rapidly and production linme technfques are being
introduced,

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 bacause of
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the ﬁreatnr difficulty 1in cleaning, especially in older
facilities,

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

Electropolishing

This process, which 1§ the reverss 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 wvarjety 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 an aluminium}
{b) Sulphuri¢ and hydrofluoric agid

(¢} Phosphoric acid

(d} Chromic acid

() Arsanic acid

{f} Tri-sodium phosphate

{g) Aamonium phosphate

(hy Nicka) sulphate

(i}  Hydrochloric acid and giycerine

Electrocoating

Electrocoating or electraphoresis 1s a process in which an organic
coating is deposited elactrolytically. When dc current is applied
in a bath where the work s cathodic there js a migration of
ofgment and resin particles to the part, The excess paint s
washed from the surface of the part as in other <chemical
treatpents.  Paints used will include 8-10% solids, surfactants

and possibly organic solvents. The pH will be between 7 and 10.
Electroforming

Electrofarming 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,

Composition and Lifetime of Plating Baths

Tables 2.3 to 2.7 (27} indicate the nature and range of metals and
other toiic substances in plating solutions, Where the acid
radicals are not toxic, only the metal concentrations are given,
In Tabla 2.3 the conceniration of cyanide is expressed as CN and
includes both simple and compler &yanide, Chromiun plating
solutions (Table 2.4} c<ontain hexavalent chrome {chromic acid} and
catylists (sulphuric acid and sodium fluesilicavel. Acid plating
solutions (Table 2.5) are based principally on sulphates or
chiorides, The fras acid concentrations are indicatad where they
are high., Fluoborate based solutions {Table 2.6), are used for
depostting cadmiom, copper, lead, nickel, tin, zinc and a number of
glloys, These solutfons are only used for special purposes. The
compasition of acid anodising baths is given in Table 2.7, they are
all very acidic,

Certain concentrated bath have limited lifetiwe and wust be
discarded periodically (Table 2,8), Procedures are avajlable (18}
to clean most contaminated plating solutions.




TABLE 2.3 Cyanige-Based Solutfons {7}

Genaral range of contentration of
Piating Solutions
Total cyanide as g/1 CH metal in g/1
Copper 15 to 52 7 to 40
Zinc 4 to 64 8 to 50
Cadmium 20 to 67 15 to 25
Silver 12 to 60 13 to 45
Brass 16 to 48 Cu 6 to 25
n 2 to 13
Bronze 40 to 40 Cu 30 % 35
S5n 1% to 20
Tin=Zinc 12 to 18 5n 25 to 30
In I ta 2
TABLE 2,4  Chromium=Plating Solutions {7}
Concantration in g/1
Type of solution
Chromic acid as Lr
Bright chromium=plating 192 to 520 108 to 270
Hard chromium-pilating 270 to 308 140 to 160




TABLE 2.5 Acid-Plating Solutions (7)

Plating solution

General range of concentration of

free acid as Hysgs fn g/1 | metal in g/1
Coppar 45 o 55 50 to 52
Zinc 70 to 80
Hickel 40 to %0
Tin 60 to 138 2l to 34
Zinc chleoride 131 %o 145

TABLE 2.6 Fluoborate-Based Solutions (7}

Type of solution

General range of ¢oncentration of

flucborate as BF4 in g/} metal in g/}

Tin 160 to 210 15 to 85
Lead 125 to 184 90 to 100
Tin=1#ad 125 to 150 sn 7 to 60
Pb 25 to &8

Zinc 255 to 265 80 to 85




TABLE 2.7 Typical Anodizing Selutions {(7)

Constituent

Concentration

Sulphuric acid {Hp504)
or Oxalic acid (Hy(»04)
or Chromic acid {as Cry)

100 to 275 g/l
30 to 100 g/}
80 to 100 g/t

Chlorides (as Ci~}
Aluminium, dissolved {as Al)

max, 20 ng/l
max, 15 to 18 g/1

31
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TABLE 2.8 Typical Lifetimes of Cconcentrated Plating Solutions {7)

{(Zinc die castings)
Zinc and Copper

Cyanide

Chromic acid
Plating solutions

Nickel

Anodizing baths

up to 25 years

up to 25 years

up to 25 years

depends on application

Bath Life Comments
ATkaline cleaners 4-5 weeks ¢yanides could be
present
Chromic/Hitric 2-3 weeks
Acid Passivation
of Galvanising -
Acid dip 1-2 months 2-4 g/1 In

failure to remove
carbonates will
reduce bath 1ife

the following
contaminants will
reduce life if not
removed -
réducing agents,
foreign catiaons
(Fe, Zn etg)
chlorides and
sulphates

can be cleaned
life determined Oy

aluminium limit of
12 to 45 g/t
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Effluent Sources and Characteristics (9)

Contaminants in the effluent from elactroplating shops originate 1in
several ways. The wmost 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
cancentration of toxic chemicals, temperature, viscosity and
surface tension,

With conventional rinsing tennjques, drag-put 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 comtain 15 mg/1 to
100 mg/1 of the metal being platad (Table 2.9).

Most job shops operate several plating Tines 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
mgf1, The results of a survey of effluent from 22 electroplaters
in the Cleveland {USA) area are presented in Table 2,10 {10].

The WO (11} have fssued the following guidelines (Table 2.11 and
Table 2,12) for calculating the effluent from electroplating
installiations,

Another source of effluent contamination iJs discarded process
sotutions, These solutions are primarily spend alkaline and acid
tleaners wused for surface preparation of parts befare
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,
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TRBLE 2.9  Principal Constltuents and Concentrations in the
Untrsated Efflusnt from Matal 7 Ininshing Processas (6)

Cons ] tyent |Plating on |[Platliag on [Plating on [Plating on |Anodizing Conc

& toel Zlne Brass Pilastics mg/ |
Ferr % o= 10
J:u2+ = x * S - 5
NI2+ x x ® = b 2 = 15
cr®t | *® X X x 10 =120
cr"'"" x x * x o ol - 1,0
InH a x 19 = 50
ce®t x 0 = 50
5n2+ ] x 0,1 - 20
en't x x * 1 = 50
504_2 x x x x » 15 = 25
el x x x 1 - 2%
cn;z o * o X 10 = %5
slir_t;2 ¥ x ® x N - 50
Fu"s x X % x 20 = %0
arganlcs x ® x X 01 - 1.0
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TARLE 2.10 Effluent Characteristics of 22 {levetand (USA)
Electroplating Shops {12)
Effluent concentration (ag/1)
rollutant
M1 ndmum Max{mum Average
Cyanide, total 0,1 95,5 14,4
Copper 0,1 47,2 - 4,1
Nickel 0,1 52,2 5,7
Chromjum, total 0,1 178,0 20,2
Z1inc 0,4 i0l,4 19,3
Lead 0,1 3,0 0,4
Cadmium 0,1 24,3 4,3
TABLE 2.11 Raw Waste Calculation from Quantity of Ancde
Used {11}
Waste Yolume Haste Mass

m /ton metal pla

ted

kg/ton metai plated

Cu 1 403 9,77 Cu and 20 Catd!

Ni 1 519 3,98 Ni

Cry05 36 300 743 Cr{tota)) and 297 Cr®*
Zn 1 815 224 In and 32,5 CN

cd 883 Unknown Cd and 12,7 CK

Sn 1 125 Urknown Sn

{1) if a cyanide bath is used
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TABLE 2.12 Effluent Production based on Electricity Consumed or Area Plated (11)

path Waste Yolume | Dry Waste Waste ¥olume Ory Waste

(m3 /Amp=n) (mg/Amp=h) (m3/m2 plated) | (mg/m plated)
Coppar 1.67 11,6 94 658
Nicke) 1,66 4,35 103 2710
LChrome 1,66 13,6 Crb + 95 918 Crtb +

34 Cr (total) 93 1 946 total Cr

Zinc 1,52 205
GCyanide
{any metal) 23,8 131




£

The amount of pollutants contributed to the total pellution Joad by discarded
process solutfoms varies considerably among plating sheps, It is not
uncommon to find c¢yanide and heavy metals in concentrations of several
thousand milligrams per liter of spend solutions. This contamination i
caused by drag~-in from previous process cycles and attack of the basic metals
by the chemicals in the cleaning s¢lutiens. Tables 2,13, 2.14 and 2,15
presents an analysis of typical process solutions,

JARLE 2.13  Analysis of Typlcal Process Solutlions that are
Dumped Perladlicatiy 112)

Pollutent or Paransier AlkslIns Closna- Elactrocleansr Ackd Dlp
L z 3 I 2 3

Volume (1} 1,26 1,35 § 1,32 1,52 9,25 0,200 0,64
Cyanlics, total (ng/i) 2,9 | 5,5 2,8 1,3

Codelum (mg/1) 02 | .6 0,4 0,8 6,4 0,1 |1 90,0
Chromlum, tota) (mg/1) | 40,8 0.1 36,3 59,2 10,8

Copper Lmg/1} 58,1 19,4 | 10,9 1,9 12,1 0,1

Hlskal (ag/l) 6,9 0,9 o3 5,2 128,0 0,6

Lead tmg/1) 4,4 0,7 1,9 14,6 0,1

Zinc (mg/H) 1,2 | 14,0 62,0 10,5 M50 |5 240,0




TABLE 2.14 Composition of Raw Waste Stream from Common

Metal Plating {12)
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Constituent Range (mg/1}
{opper 0,032 -~ 27125
Nickel {4,019 - 2 954
Chromium

Tatal 2,088 - 526

Hexavalent 0,006 -~ 335
Zinc 0,112 - 252
Cyanide

Total 0,005 « 150

Amenable to chlorination 0,003 - 130
Fluorides 0,022 - 142
Cadmium 0,007 = 21 .6
Laad 0,663 - 25 ,4
Iron 0,41 -1 482
Tin 0,060 - 103
Phosphorous 0,020 - 144
Total Suspended Solids 0,100 - 9 970

TABLE 2,15 Aluminium Anodising - Effluent

analysis {13)

Tota) solids
Suspended sotids
Zinc

Aluminium

CoD

Chloride

Iron

Sulphate

1 200
150
0,07
180
17
22

93

2 500
890
0,18

35

46
5 200

A1l values ia mg/1
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Accidental spiils, leaks and drips of process solutions also can
contribute significantly to effluent contamination. The plating
room usually s laid out so that the entire area drains on the
floor, which 1s only an extension of the sewsr system leaving the
facility. Although {1t is not common for a tank to spring a leak
that would allow the entire sofution to leak away -undetected, a
slow iTeak amounting to a solution Toss of 38 to 76 1/d could go
undetected for months in many sheps. Also, 1t is not unusual to
compensats for evaporation losses in a process tank by adding water
to a process salution 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-gut to drip on the fioor and entar the drain system.

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

Th& percentage . contributed by each poliution source %o the
pollutant concentratian of the final effluent can vary
substantially among £lectroplating 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 tha effluent metal concentration in zinc or cadmiam
plating is the metal that is either stripped off the danglers or
crack tips 1n 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 othar sources, in almost every case, thé 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 overwheimingly 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, wherzas spent process selution accounted for
only 230 1/d {10},

Electroplating shops should concentrate on drag-out and rinse
waters during the plapning 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 Sjudge Generated and Sludge Disposal Yolume for
Electroplating Waste Treatment System {14}

Haste Metal Dry Solids Sludge
Camponents kg/kg metal | (gal/lb metai precipitated)
precipitated Generated | ODewatered

3% solids)] 25% solids

Aluminium 2.89 11,2 1,14
Cadminium 1,30 5,0 0,51
Chromium 1,98 7.7 0,79
Copper 1,53 5.9 0,60
Tron 1,61 6,2 0,63
Hickel 1,58 6,1 0,62
Zinc 1,52 5,9 0,60

Using sodium hydroxide
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CHAPTER 3. LITERATURE SURYEY - EFFLUENT TREATMEKT PROCESSES

3.1

Conventional Method

The affluent can be divided intc twa classifications for treatment

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

A1l effluent streams that are of a relatively high concentration or
are discharged at high rates should be stored in pbuffer tanks prior

te pretreatment or gradual discharge into the final treatment
system,

Individual effluents are segregated (Figure 3,1) apd certain
streams are pratreated 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 Technolegy (BPT) for the treatment of metal
finishing effluent {15) consists of :~

segregation and destruction of oxidisable cyanide,
segregation and reduction of nexavalent chrome,
equatisation of the different streams and precipitation of the
matals

settling of suspended solids
separation and disposal of the sludges.
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Matals and other contaminants in the supernatant and final effluent
are expected to be &t or below the ltevels shown 1n Table 3.1 (15,
16 and 17}).

The currant trend towards c¢helating agents and the more extensive
use of brighteners has resulted in the neged for alternative
effluent treatment systems in grder to reduce heavy meta)
concentrations to acceptable limits.

TABLE 3.1 Expected Levels of Contaminants in Fimal Effluent
after themical Treatment {17}

pH 6,0 - 9.5
Tota) Suspended Soiids 20 - 5D
Total Dissol ved
(dissolved and undf{ssolved)

cd 1,5 G,2
Cr+b 0,5 0,1
Cr {total) 1,0 0.5
Cu 1,0 1,5
N1 - : 2,0 1,0
Pb 1,5 0,5
in 2,0 1,0
Fe 2.0 1.0
CH {oxidisable) 0,1 0,1
CH (fotal) 1,0 a,l1

A1l valuss except pH, in mg/l
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Rinsing and Drag-out Control

The size and cost of pollution control equipment depends primarily
on wastewater volumetric flowrate, Rinse water flows are much
greater than any oiher affluent source in a plating factory.

In addition, the plating solution entering the rinse tanks in many
cases can represent as much as 50 - 90% of the plating solution
¢consumed in the plating process. The concentration of the dragout
entering the first rinse tank is identical to the plating bath
s0lution. Consequently the reduction of drag-out and rinse water
usage is the first phase n the installation of any effluent
treatment system.

Typical figures of dragout associated with different shapes and
draining times are given in Table 3.2 below:

TABLE 3.2 Plating Drag-Qut (8]

m1/m2
Yertical paris ; well drained 15
Vertical parts ; poorly drained 80
yertical parts ; very poorly drafned | 160
Horizontal paris; well drained 30
Horizontal parts; very poorly drained | 400
Cup shaped parts; very poorly drained | 325-1000

Aszuming good rinsing efficiency, 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
satisfactorily 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 fina) 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 soma plating operations require f%na'l concentrations of
dissoived solids as low as ] mg/fi. Typical concentrations of
total dissolved saolids in final rinses are 1§ mg/1 for chrome
plating, 45 w=g/1 for nickel plating and 50 mg/1 for cyanide
plating.

The arrangement and number of rinse tanks s usually dependent on
economics and space Tlimitations. 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
congentration of plating chemicais.

The ratio of rinse water volumetric flow rate to dragout volumetric
flow rate {s defined as the rinse ratio {r). The relationship
between the number of rinse tamks, the rinse ratio and the
resultant 4itution in the rinse tanks is {8, 29) :-

1
n

> | ()

Where n  number of ringe tanks

f-p plating bath concentration

Ch concentration fn the last rinse bath
r rinse ratio

This relationsnip is shown in Figure 3,2 which also shows the
potential recovery of dragout chemicals if the rinse water were to
be recycled.




The percentage potential recovery is given by :~-

percentage potential recovery » Cn
1 - X 100 {2}
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Notae.~This graph shows ringe ratios

for countercurrent rinse systems.

For serias rinse systems, multiply the
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of tanks, e.q., two—~stoge countercurrent

rinse with Cp /Ch = 10* has a rinse ratio

of 100 gal/;ul. But, with the two—stage

series the required rinse ratio is

100 X 2 = 200 (gaf rinse woter/gal drag—out).

Figure 3.2 : Estimating Rinse Ratios Based on Orag-Out and Final
Rinse Concentration fua Multiple-Tank Ringe Sypstams




The differant Jevels 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 pe recovered is 90%, IT the rinse ratic were
to be raised to 40 only an additiona’ 7,5% potential recovery would
be possible, 1f two caunter current rinsze tanks were used then at
a rinse ratio of 10 the potential chemical recovery would be 99%.

1 the product quality (concentration of plating chemicals adhering
on the work piece) is fixed then the relation between rinse ratio
and numbér of rinse tanks is given by :-

C

P
— =0 rn (3}
C

n

Assume a chrome plating tank operating at 300 g/l and a finmal rinse

concantration of 15 mg/1, {Cy/cy) would be 20 000. The effect of
increasing the number of counter current rinse baths on the rinse
ratio required to meet tne required product specification is given
in Table 3.3,

TABLE 3.3 The Effect of the Kumbar of Rinse Tanks
on the Rinse Water Reaquirementis

- Rinse Tanks Rinse Ratios

| 20 000
2 141
3 27
4 12
5 K
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100 0
EID' Point A 0.2
60 1 -0.4 L
O
“*.:
: S)
40 - - 0.6
20 - 0.8
0 l . r . 1.0
0 2 4 B 8 10

3
Recycle Rinse Ratio (r)

3r = recycle rinse (gol/h) — drag—out (gal/h).
Note: — r (recycle rinsa flow) = surface evaporgtion from bath.
n = number of countarflow rinse tanks in recavery use.

£
Figune 3.3 ¢ Parcent Ozgg-Cut Recovery with Rinse-and-Recycle Syeiem
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The total mass flow of pollutants requiring treatment would remain
constant, however, the volume of effluent requiring treatment would
be greatly reduced as the number of rinse tanks increases. The
physical size of the effluent treatment equipment could -be
decreased and the cost of pH adjustment chemicals would be

reduced.,

The mass flow of poilutants from a relatively valuable plating
solution can be decreased by drag-out recovery system, The use of
drag-out tanks uswally results in less water savings than if that
tank were used in either series or counter-current rinsing, however
the mass of pollutant discharged is decreased. The hotter the
plating bath {j.e. the greater the evaporation rate} the more
attractive drag-out recovery DecComes. A total of fifteen
different rinsing configurations (Figure 3.4) have been avaluated
by the US EPA [18) for water usage and effluent loadings. The
rasults of the analysis of MWatts Nickel system are reproduced in
Table 3.4, The foilowing conclusions were drawn from the above
analysis.

{i} Single overflow rinses require extremely high flow rates to
meet good rinsing criteria even at low drag-out ratas.

{13} Multiple rinse tanks can produce significant cost savings,

{14i) With low recycle ratios (1,37 or less} drag-out recovery is
impractical because of high water reguirements, unless three
or more drag-out tanks are used or series rinsing follows
drag-out,

(iv} MWith recycle ratios of 2,75 or greater all additional tanks
should be used as drag-out tanks rather than in paralle] or
series arrangements,

{v) Drag-in/drag-cut systems wusually must include series
rinsing. The serias 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,

{vii} uWhen the evaporation rate in the plating bath is low the
most cost effect solution may be the concentration of the
drag-oui rinse itself, such as by evaporation, ion exchange,
raverse osmosis et before replacement in the plating tank.
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Configuration HWater Plating Chemicals Total Cost
Usage Lost
gal/h 1b/yr $/year
| 28,9 2 950 3a 5948
2 1,4 2 930 23 668
3 0,7 2 950 23 284
4 6,4 | 650 9 819
5 0,0 2 950 23 469
6 0,2 2 950 21 248
7 2,0 177 4 024
B 0.4 50 6 773
9 6,2 649 9 989
10 0,4 2 950 23 598
11 0,1 2 950 23 432
12 .3 91 2 995
13 0,3 177 3 325
14 i,2 650 § 903
15 0,3 649 b 958
Parameter for the above analysis :
PTating bath cancentration 85 g/1
Operating Temperature 60°C
Surface Area of Plating bath 2,6 m
Max, conc. in final rinse 50 wg/1
Cost of water and sewage {$/1 000 US gal) $2 .00
Lost of a rinse tank {§/year) 240
Cost of treatment chemicals {$/1b Ni) 0,18
($/1 000 gal effluent) 0,21
Cost of sludge disposal ($/1b Ni) 1,15
Plating chemicals {($/1b Ni} 6,35
Deionised Water ($/year) 1 D80

{A1 costs are 1981 US dollars)
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The factors that influence the rate of drag-out include :-

{1} the velocity at which the work pieces are withdrawn from
the plating tanks.

{(ii} the geometry of the wark pieces.

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

{iv) tha 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.

(tii) if there {1s a chotce of twp chemjcals use the one with
tha greatest density and lowest surface tension.

(iv] the use of wetting agents.

(v} lang time intervals are more profitably spent on a slow
withdrawal from a plating bhath rather than on a long
draining period,

(vi) the racking objects such as to minimise drag-out,

Cyanide Removal

A1l effluent streams containing cyanide pass to the cyanide
oxidation plant. The usud) axidation process is achiaved by
alkaline chlorination

ZNaCN  + 5615 + 12Na0H = ZNapCOa + 10NaCl + N2 + 6H2D

The <hlorine can be supplied as a gas ar as & sodfum
hypochlorite solution, smal) installations would utilise sodium
hypochlorite solutions which while being more expensive than
chloring gas is more convenient to use, The high capital cost
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of a chlorine gas installation is offset by low runnming costs in
largar plants,

Haxavalent Chrome Removal

Hexavalent chrome {(Cr(6})is far more toxic and difficult to
remove by conventional preciptitation than trivalent chrome hence
all streams c¢ontaining hexavalent chrome are reduced to
trivalent chrome prior to subsequent treatment in  the
precipttation plant,

The raduction of hexavalent chrome is carried out in acld

solutiong with a variety of chemicals.

{a) Sulphur dioxide gas

2Cr03 4+ 3502 = CreiS0s3)a

{b} Sodium metabisulphite and sulphuric acid

20r03 + 3NagS205 + 3Hz0 = IHaz504 + 2Cr2(S04)3 | Mg

(c) Sodium bisulphite and sulphuric acid
4Cr03 + 6NaHS03 + 3H250 3
3 3 2504 = INazs04 2Cr02(s04}3 + 6H20
(d) Sodium sulphite and sulphuric acid

2Cr03 + 3NapS03 + 3H2S504 = 3Ha2504 + Cr2(S04)3 + 3H20

(@) Ferrous sulphate and sulphuric acid

2Cr03+6FeS047H20+6H2504 = IFe2(508)3+Cr2(S04)3+48H20

The chemical cost of the last process s approximately double
that of the other four {(19),

The hexavalent ciwrome can be reduced fn am alkalire medium (4% a
high cost) by using
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{f) sodium hydrasulpnhite and sodium hydroxide,

Cragg + 3Na2S204 + 6NaDH = ENaz503 + 2Cri{0H)3

The chamical cost of the above process is about 4 times that of
the processes {(a) to (dj.

Heavy Metal pPrecipitation

Metal salts from simpie 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, 1In
view of the low discharge limits with regard to soluble metal
content of a metal-finishing effluent, the inftial problem is
the salection of the optimum pH for precipitation., Some of
metal¥ are amphoteric, and therefore are saluble 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 wixed waste streams, the best pH for the most complete
separation will be that which limits the content OF the most
toxic of the metal salis and for which the regulatory limits are
the most stringent., To maat regulatory reguirements, it may be
necessary to segregate streams to aliow the best pH conditions
for the particular metals to be precipitated. As a genera)
rule, pd 8.0~-8,5 is better (although not truly neutral) than is
a pH ¢loser to 7,00, Figure 3.5 shows some typical axamples 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 Tists 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, Chalating agents, organic acid salts,
and the variogus wetting agents sometimes encountered in a mixed
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rinse-water stream may make the quaatitative precipitation of
the various metals impossible,

100

-
a
i

Fa

Matal Concentration (mg/l)
2 P

L 1 1 1 1 1 L] ]
1 2 3 « 5 6 7 8 9 10 11 12
pH

SOURCE: U.S. Environmental Protection Agency, Woste Treatment:
Upgrading Metal—Finishing Facllities To Reduce Pdllution,
EPA 625/3-73—-002, July 1973.

Figure 3.5 ¢+ Precipitation of Metal Salts Veraus pH
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TABLE 3.5 Metal Residue after Precipitation in Distiiled and

Hard Water [20)

Precipltation

pH Fod Nt crd zn cd cu?

Distiried Hard| Dlfetifled Hard| Oistilflad Hard|DIistifted Haord |Bistlited Hard | DlstElled Hard

mgs | g/ mgs1 mgf 1 mg/ | mgsi mg/ i mg/ | mg/ | mg/ | ng/ | mg/ |

6,9 a 0,8 16 19,2 18 17,B 19 18,% 19 19,2 8 11
7.0 L) . ) 16,5 16,9 15 13,7 18 17,8 18,5 18,4 1.3 5.8
6,0 ] 1) 12,% 16,8 3.3 1.1 1,3 2.1 15 15,2 - 2,4
8,9 1] a 3,5 . 1,3 % a §,6 31,5 4.8 2 1,7
9,0 0 0 2 A6 A 3,4 1,5 1.9 .7 9 0 1.2
10,0 0 0 0 0 o S 19,8 8,4 .3 o 0 A
3.1.5 Centralised Waste Treatment System

The Unfted State EPA has conducted a siudy on treating metal
finishing effluents in centralised facilities (21), These
centralised tresatment schemes may assume various forms, One
alternative is regionalised central treatmeat, in which all platers
econamically capable of shipping their waste use a faciltity
designed to serve their region, Angther alternative, group
treatment, invoives a faciiity owned and operated by a relatively
small number of platers in close proximity. In the "plaifng city”
centralised concept sevaral platers way mave into new facilities
incorporating equipment for Jjoint treatment of waste water,
yarious methods are avajlable to individual plating shops for
interacting with a centralised treatment facility.

Although many factors effect the economics, geéneralised studies
show that substantial savings can be attained when more than 10
facilities are combined,




Previous studies of group ireatment 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 WS goverament financing alternatives and the
increased 1likelihood of significant pretreatment requirements
combined with toxic sludge discharge regulations have all increased
the incentives for this system.

The projacted 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

traatment plant 287 991

' 503 664

Capital Saving 726 200

The capital cost of the group treatmant facility was broken down as
follows:

$
Chemical Oxidation 23 059
Physico-chemical trezatment 72 496
Siudge dewatering 42 712
Storage 6 066
Laboratory, shelter, etc. 113 598

Total $287 991




3.2

3.2.1

J.2.2

59

Specialised Methods

Cementation

Cementation (22) is the displacement of a metal from solution by a
matal higher in the electromotive series, the definition can be
eipanded 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 wused ¥for pracipitating silver from photographic
processing solutions, the precipitation of copper from printed
circuit etching solutions, the reduction of hexavatent chrome in
waste streams from chrome plating, iriditing and chrowe-inhibited
¢ooling 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 firon shot and feed sclutions of 100 mg/l
copper or 100 mg/1 Cr{6} at a leading of 450 g copper or Cr{E} per
m2 area of iron reduced the concentration of Cu and Cr(6) by 99% in
Tess than 10 minutes

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

Sulphide Precipitation

Sulphide precipitation has been demonstrated to be an effective
alternative to hydroxide precipitation {258) for removing various
haavy metals from industrial waste waters. The high reactivity of
sulpnides with heavy metal ions and the insolubility of the heavy
metal suiphides over a broad pH range are attractive featuras
compared with the hydroxide precipitation process Figure 3.6,
Sulphide precipitation can also achieve Jow metal solubilities in
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the presence 5f certain complexing and chelating agents. There
are two methods of adding the sulphide to the waste water,

{a) soluble sylphide precipitation (55P)
{b} slightly soluble sulphide precipitation (5SSP)

In the sojuble sulphide precipitation process the sulphide is added
to the waste water in the form of a water soluble sulphide reagent
such as sodium sulphide (Nazs) or sodjum hydrosulphide (NaHs).
Operational problems with this process in controlling reagent
demand s0 as to prevent overdase and the associated odour problem
have been overcome by the use of a sulphide {fon selective electrode
te control the additicon of the soluble sulphide. In addition the
formulation of polyelectrolyte conditionsrs “that effectively
flocculate the Fine metal sulphide particles has eliminated the
difficulty in separating the precipitants from tha discharge and
has resuvlited in sludoges that are easily dewatzred,

The slightly soluble sulphide precipitation process uses a freshly
prepared ferrous sulphide solution (prepared by reacting FesS0; and
NaHS)} as the source of sulphide ions needed to precipitate the
waetals from the wastewater. The process operates on the principie
that FeS will dissoctate into ferrous ions and sulphide ions to the
degree predicted by its solubflfty product. As sulphide fons are
consumed, additional FeS will dissociate to maintain  the
equilibrium concentration of sulphide fons. In alkaline salutions
tha ferrous ions will precipitate as ferrous hydroxide, Becauss
mast heavy metals have suiphides 1less soluble than ferrous
sulphide, they will precipitate as metal sulphides.
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An advantages of the 555P is the absence of any detectable hydrogen
sulphijde odour, Secondly, the 555P will reduce hexavalent chrome
to the trivalent state under the same conditions reguired for metal
precipitation thus eliminating tne need to segregate and pretreat

chrome waste streams.

Disadvantages of SSSP is that the process requires considerably
graater than stoichiometric reagent c<onsumption and produces a
significantly greater volume of sludge than either the hydroxide ar
S3P processes,

Figure 3.7 compares typical process flow diagrams of a hydroxide

treatment system and both types of sulphfde systems, Most of the
aelements of the sulphide system are common to the hydroxide

precipitation treatment precess. The sulphide treatment process
also can be used as a polishing system after a conventional
hydroxide precipitation/clarification process to significantly
reduce the cansumption of sulphide reageat.

The final disposal of the sludge is an open question in -that
although the metal Jon leachability is Tower for sulphides than
hydroxides the long term effects of weathering and bacterial and
afr oxidation of sulphide sludges has not been evaluated,

The potential hazard of sulphides coming in contact with agids with

the evalution of toxic Hys fumes emphasises the need to control a
1ow sulphide residual in the discharge,

Lancy Integrated System

The integrated system (26, 27} consists of a recirculated chemical
treatment wash soluytion inteqrated into the metal fnishing process
1ine, Parts being removed ¥rom 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 t¢ the rinse water (compared to conventional
rinsing) hance far less water 1is required to accomplish
satisfactory rinsing and reductions in rinse water usage of up to
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803 can be achieved, As the toxic dragout solutions are not
diluted and the neutralisation takes place 1n the presence of a
high excess of treatment chemicals the resulting precipitates are
mare dense and settle faster compared ta the uswal method of
settling similar precipitates from dilute rinse water,
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The treatment wash solutions must be chemicaliy formulated to suit
the particular contaminant for which 1t 1s intended and separate
closed loop systems wust be provided for each type of contaminant,
The following types of contaminants can be treated :

{1}

(1)

(1i1}

{fv)
(v}

Cyanide compounds such as sodium and potassim cyanide and
also their mwetal complexes with zinc, cadmium, copper,
silver and gold,

Chromic acid wastes containing high concentrations of
chromic acid,

Chromate compounds containing low concentrations of
chromate chemicals,

Nickel from sulphate and chloride based solutions.

Copper from acid solutions such as sulphuric/nitric bright
dips, acid copper plating solutions, and chelated copper
complex plating solutions as wused in the plating of
plastics.

The chemistry of these systems 15 as follows:

Cyanide

2NaCH + 8HaOH + 5CT5 « J0MaCl + 202 + N2 + 4H20

Chromjum I

2HaCrog + 3502 = Cr2{504)3 + 2H20

Chromium 11

Crz{s0a)3 + IHazC03 +2H20 = Cra{DH)4C03 + 3NapS04 + 2C02

and

2R20r04 + 3MapSp04 + Ha2CO3 + 2H20 = Crz{OH}AC03  + 6Ma2504
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Hicke)

2H1504 + 20a0H + Na2C03 = Ni2{0W)2001 + Ha2S04
Coppar

CudS04 + HpsSDa + 225204 + 3HaCH = Cugd + 2Ha23503 + Sﬂazﬂ + SHa0

The Chrome 1 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 ranga and can thus use a
much less expensive reducing agent than can the Chrome fi system.
Following highly <oncentrated chrome processing solutions, the
Chrome 1 treatment wash is used first to accomplish reduction &fF
the hesxavalent chrome solution economically, The Chrame 11 wash,
which follows, then neutralises the acidic Chrome I film and
precipitates the trivaltent chrome as the basic carbonate, The
system is suvmmarised in Table 3.6,
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bright dipping

Caustic Soda
pH 8,5 - 9,5

TABLE 3.8 Summary of Integrated Treatment Systems
System Procass Treated Treatment Chemicals Matals
and Concentration Precipitatad
Cyanide Zinc, Cadmium Chlorine gas Zinc Cadmium
Copper, Silver and 800 - 2 500 mg/1 Copper Gold
Geld plating Caustic Soda
pill - 128
Chrome [ Chromium plating Sulphur dioxide gas
Etching of Plastics 1 000 - 2 500 mgfl
Chrome I1) Chromium plating Sedjum Hydrosulphite | Chromium
chramata dipping 200 = 500 mg/1 Zinc
of Zinc, Cadriuwm Sodium Carbonate Cadmium
and aluminium ; pH 7,5 - B,5 Aluminium
Etching of Plastics
Chromic acid
anodising
Hickel Hickel plating Sodium Carbonate Hickel
pH 8,5 - 9,5
Sodium Hydraxide
Coppar Acid copper p]ating Sedium Hydrosulphite | Copper
Copper and Brass 500 - 700 mg/ 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 {typlcally 250-400 g/1} and the volume
of the solution film carried on a givea work pfece is the same when

it emerges from either solution. The TDS of tha effluent from a
plating shop which fncorporates an Integrated System is lower than
the TDS in the effluent from a similar shop which treats its
effiuent in the conventional manner, This is because the voiume
of effluent treated in the latter case is much Jarger tham in the
Integrated System and although both systems require am excess of
reagents [acids, basas, precipitants etc] the larger volumes which
are associated with the conventional treatement plant results in a
greater mass of reagent addition. The actual TDS Joad from the
Integrated System is ahout 25% of that from a conventional systam.

Modiffcations to the process include adding harmless cations such
as cal¢ium 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 effiuent 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 7.8
CH 0,03
e {iv) Q0,02
Cr (iii) 0,01
Cu 0,09
Kt 0,21
in 1,12
cd 0,25

A1 values, axcept pH, in mg/1
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dzone Treatment

pzone can be used as an altarnative to chiorine in the axidation of
cyanfde (28). The ¢yanfde ion is oxidised to cyanate which is
then hydrolysed to carbon dioxide and ammonia.

CN= + D3 = CHO™ * ﬂ'z
CHD™ + 2Hop «  COz + NM3 + OH™

The use of ozone has been Hhampered by both the equipment used for
treatment and the nature of ozone itself. The advantages of ozone
over chlorine are ;-

{1} ne reagent storage necessary
{i1) operation at ambient temperature
(1i1) 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 gzone
and rotary vacuum fiitration, The aeffluent contained nickel,
chrome, copper, Cyanide and iron, The hexavalent chrose was
reduced to trivalent chrome with sodium bisulfite and the pH was
increased to 10,5 to 11,5 by 1lime additian, 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 vatuum Tilter, The high
solids content of the sludge (75%) was due to the formation of
metal oxides which had a lower dagree of hydration compared to the
corresponding metal hydroxide, The effluent on which the system
was evaluated was very dilute and datz on more concentratsd
effluent was unobtainable. A summary of operating results are
prasented in Table 3.8. '
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Table 3,8 Effiuent Treatment using Lime and Qzone

Influent Effiuent T Removal

Cyanide 1,02 0,08 92

Total Chrome 1,41 0,40 72
Copper 8,45 0,08 99
Nickel 20,32 0,13 93
155 135 11 .6 91
pH 6,4 8,4

A1) concentrations except pH in ma/l.

The capital costs {19806) of a 5,85 m3/h and 23,4 m3/h plant were
given as $200 000 and $250 000 {4 BGD hours/year operation). The
operating costs were calculated to be $56 €50 and $89 150 per year
or $2,02 and 50,79 per m3 respectively,

Evaporation

Evaporation achieves recovery by disti)1ing waste water until there
{s a sufficient concentration of plating chemicals to allow reuse
in the plating operation. Because of the thermal energy costs af
the operation, evaporators are not usvally considered for recovery
of plating chemicals from diluted waste waters. Reverse osmosis
can be used to preconcentrate the rinse wter prior to evaporation,
Four typas 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 ewaparators lower
the beiling point of the solution and therefore decreases the rate
of cyanide decomposition, it also reduced the amount of carbon
dioxide absorption aAnd air eptrainment.

3.3.1 Rising Film Evaporators

Rising film evaperators consists of a reboiler, seperator and
condensor, The raboiler is a sheil-and-tube heat exchanger in
which heat from low pressure stzam 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 3 vacuum such that the boiling temperaturs of 40°
to 85°C 1s achieved. The fast rate at which heat is transferred
to the thin film minimises crystalisation and precipitation on the
heat mxchange surfaces resulting in lower maintenance and higher
heat transfar efficjency, The wastewater ieaves 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 s recirculated through
the reboiler until the concentration of the glating solution
reaches a preset level, The evaporator can operate in either a
continuous or batch mode,
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Flash Evaporators

Flash evaporators are of the same basic design as rising film
gvaporatars. The main differance is that plating solution from
the plating batch is recirculated continuously through the
evaporator, During the plating operation the temperature of the
plating bath {ncreases because of the electrolytic process., As an
alternative to the instaliation of coeling coils, the recirculation
of the contents of the plating bath through the flash evaporator
provides most of the energy reguired for evaporation of the
wastewater and cools the pilating bath solution as well, Because
the quani:ity of heat provided by the flash cooling of the plating
bath solution is small compared to the latent heat provided by
gsteam heating, flash evaporation usually 15 limited to large, high
temperature installations,

Submerged Tube Evaporator

Submerged tube evaporators opérate 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 intérnal heating ¢oils for evaporation,
i myisture separater and cooling coils for condensing water vapour,
Figurs 3.10 The wastewater is not recirculated, unlike that of
rising film and Tlash evaporators, The reduced operating pressure
is created by diverting some of the c¢ooling water through an
gductor. The tost for submerged tube evaporators is lowar than
that for rising film or flash untis primarily because of the
integrated avaporation/condensation singie-unit design,  although
the thermal demand is the same as rising f1lm units the cooling
waier reguirement are greafier,

Atmospheric Evaporation

Atmospheric evaporators Figure 3,11 do not recover distillate for
reuse nor gperate under a vacuum, Hastewater is evaporated by
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allowing it te humidify air passing through a packed tower. The
humidified air is exhausted to atmosphere eliminating the need for
coaling water and & 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 20% more
steam than do evaporators of other designs. Deionised water must
be used in the rinse tanks to minimise scale depasits during
avaporation.

The payback period for ciosed loop treatment of chrfomic acid
plating dragout (7,57 1/h at 300 g/1 and 5 000 hour/year) assuming
a rinse waiter flow of 187 1/h was 4,9 years. If the avaporator
was used to concentrate the static dragout tank only tha 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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Membrane Processes

Membrane processes of commercial interest are :-

{a)

(b}

Pressure-driven

(i}

(i1}

{iif}

Hyperfiltration (HF) or Reverse Osmosis {RO} is used
for the desalination of water i.e. the removal of
salts, Two mafn types of membrane are available :
those for brackish watar {2-8 g/1 TDS) and these far
seawater (35 g/1 TDS).

Ultrafiltration (UF) 4s used for the separation of a
range of macromolecules {pominal melecular weight
cut-offs of 1 000 up to 300 000)., The operating
pressures are below 1 Mpa.

Lross-flow  wicrofiltration  (CFMF) for the
separation of colloidal and large macromolegular
solutions. These membranes pass smaller molecules
and the solvent {aqueous) phase, Hormally low
pressures, below 1 MPa, Are used,

Electrically=Driven

{1}

{1i)

Electrodialysis (ED) uses ion exchange membranes for
the transport of ions through the membrane under a
d¢ electric field. Normally ED iz used for brackish
water desaiinmation, bDut is also capable of
concentrating highly saline solutions (200 g/l
T0S}).

Reversal Electrodialysis {(EDR) wuses 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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Reverse Jsmosis

In reverse osmosis a pressurised saline solution 1s 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
jncreases 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= kA{aP~ an)

where

J
Kk
N
4 P
4

N

L

membrane flux (eg 1/m3n)
membrane permaability constant
membrane area

applied pressure gradient
osmatic pressure gradient,

The elements of the process are shown in Figqure 3.13. The
cross-flow mature 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:

{1}

Cellulose Acatate

Hormally cellulose di-acetate is used and an assymetric
membrane with a dense skin is produced, This 1s the
rejection surface and 15 wsually 0,2-0,5 € of the total
membrane thickness,

Available in spiral, hollow fine-fibre, plate and frame and
tubular  configurations. Although it has  several
Mimitations, it 1s still the most widely used membrane
material,
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Physical 1imits are a temperature of about 30°C and a pH
range of 4-7, but the membrane has reasonable chlorine
rasistance, It 5 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.

Polyamide Hollow Fine-Fihre

This 15 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
épira] madules an both 2 <ost and physical space basis.

Temperature 1imit is 40°C and the pH range is 4~10. The
membrane has zerd chlorine resistance.

Thin Film Composites (TFC}

This membrane technology was pioneered by UOP Fluid Systems
tn 1877 and consists of a porous support (usualty
polysilphone) onto which is l1aid a separate rejection layer
by polymerisation. The UQOP PA-300 membrane is only 0,00005
mm thick compared to the 0.05 mm af the base Tayer. This
membrane has a temperature limit of 45°C and a pd range of
3~10. it has no chlorine resistance. Rejection of organics
is relatively good,

Several other companias are now producing similar
membranas :- .

Filmiec FT30 ({which ¢laims chlorine resistance)
Teijin PBIL
Toray
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{iv) Dynamic Membranes

These are formed in situ by solution chemistry on porouys
tubes (e.g. stainless steel}. They have not been widely
developed on a commercial basis and have been mainly usad
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 affers potential in the following metal finishing
applications: reclamation of plating salts; treatment of total
plant effluent; recovery of C1 specific solutes; production of
pure water; and alkali cleaner recovery,

Plating salits in the rinse effluent can be concentrated by reverse
osmdsis and returned 1o the plating bath, The concentration at
which the plating ¢hemicals are recycled is 1imited by the osmotic
pressure of the solution hence 1n practice R0 has to be used in
conjunction with evaporationm. The natural evaporation from hot
baths {e.g. Watts nickel) 1is sufficient and supplementary
avaporation 15 not required.

gecause R) membranes raject 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 retovering nickel rinse
water (2250 mg/1 nickel salts) 1s %5600 per cubic mater per day
{1980 prices), Operating costs range from %0,20 to %0,54 per
cubic meter of feed water.

The complete fattory effluent can be treated by reverse osmosis.
The salts and organic chemicals can be concentrated 20 fold and the
permeate recyclied to the rinse baths,

The volume of concentrate produced from the reverse osmosis plant
would be about 5% of thne feed volume and could be treated by
hydroxide or sulphide precipitation. The filtered sjudge would be
suitable for disposal in an approved land fi11 site amd the
filtrate recycled to the reverse osmosis plant.
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The advantages of reverse osmosis for the and of line freatment of
plating effluents are:-

(i} both free and chelated metals are rejected and concentrated
by the membrane,

{it) the permeate could be reused in the plating process,

{ii1) the amount of chemicals required for the hydroxide or
suiphide oprecipitation of the concentrate would obe
reduced,

A series of experiments were conducted for the US EPA to evaluate
the application of R.0. to plating chemical regovery (30, 31).
These experiments examined the performance and Tife of membranes
that were commercially available, as well as advanced membranes
with promising applicability.

A summary of the tests wusing commercially available membranes
(1976) s presented in Table 3,9, More recent tasts 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 %2
to 95%. The advantage of the FT 30 membrane over the earlier
membranes is its higher flux, wider pd tolerance, higher salt
rejection and higher temperature stability. This membrane is
susceptible to “poisoning" by nonionic and cationic detergents and
class 2 mickel bath brighteners {32).
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Metal Finishing Industry

— — — = - —
i g Bl Mg Tyde —
Erncy Condiginliitn il (oA Cosmtion CHN Opmrahing EXpariarrcal gl Rt mancaiion y
Wrighi nici Collicrid ivirtu v Colapui) Moy CrinQenyt iwiTACE] Mecoviy BN PUATiad TN wail oy e, Bambrate U wes @ méntmam gl 18 monihae, Al
o s ney P wrile! DO Pieitmind conasaling of prchiiiiion with dlucmacsogl  Though QUL Sk ik, mm.gum loyk

warth prpcial fiker endior maoron cenrggs Niters, Conducimiby, How  ng of mebrans Expartnd el Soomon by Gan
Ehird, Dokl i ANDAA IR, DM 5 0L AP0 Proer Ui M. Sasifpcss b ofipp) Bl OF DRGLinay widal. Saould 8 §M-
e 'y aeees 3 bty ElTU el ki, eyl STt MOriemalndd, el i, e, o MMM CEl.

Whar nichsl Ll | b i I Clrua i io0g: oryg-oul CTMMRGES FIETlry a0nd CURHIBE FIREE sl MCychl, MO HOD o iambrans 100lne 80 far, Norma) oper-
Bl wilg foact walar preirpehme donatating of praeliMrmcen with 10=18 oWt S 00 A b =24 hrpaiy. CuMudaiive coaming (me
Iriciga hiltara, pH sl 1D &0, condurbivily, [Rove rRlan. progkung i Uncs quiun @ 75 hoyiy, Raplace omidiers yrery
wmntotd WELe 10 rpphiis woriece svaporalkien ORMd iF LUDRIWe] Gy 3= Sy, M7 ki of mie ) M bh W HiAsa tanLp,
i gl i G it Placrt et up Seaosnber. MUR. ’

Dpwpi-birpy (ua adided o Ny e owietiow ots aereral oMo Alptaiiataty KW monsha M.

riRkid Ah0 recysie OF ARG w1 plallhg Spedaion, concaningty i - bears Nk, Sl i s e e b Iy

Kt |l tOr rmtal B iibriadion wnib e, Prairssimani of e o dn0T e 10 ke S el Owhl o wpepic, ol bupr Buad i

WAEAD o peief1I0rginh N 10 0 cartridin Tilter f0d v by and fuliar  Hushing b Sone on ki Modyhe iy montfy, dmr

a0 B AT Tt o ol Disied a0 wsimd W L0-3.9, Thow Mg, conduc-  ape OpetBIAD Hma iL sbagl Y3 Moy . ks m
| iy A0 Dl e menlghe]. meathin i 95 F.

o A A0re B CXRDRN il ] O pH AU  AnEgn Skt R mbout I hrskday.
i L e ety OF WLl Pigrsh il -wd Sopdieenaiedy HIL

L L Pk umigw
i el
Polyamadel
Tnoighir L
Cappar cysnita m"':l'l“ﬂ'llﬁf G0 g Moy Thptial BFWNTHER Pirconery w0 Budiled s watef Incycly,  ADDITLIMAE MeiDrane Bhi M 31 e,
|or
Ftrawigel
Talie fripns
Fly T
a3l ek r

Ackd Hne

Hg DA
Hinkd i D b TV | S v o Kl Dbt o iy 10 wme Bg-tyDel IWliar Fushing tohs 9 o, Rebiadil piellisre nos paed
PHE 1 E e A DD L SR finers rl'rtlﬂl-l.m aflyptment = wal o I aortiie. Sl Do e B ey, §
Auerdd oH w 100-10.8), durtacs svaoorild makeup wHin B waber.  dEyE DdF wink,

LR 31 i S WPy Hicroiin ot 1T,

MO0 O] Sfviiiacel necgenery il Dudthupd Sines Wl mcychs, kisminask e sbpraekBahily 5 pmien, Mo Dieth.
Phritpiimant 7 the mad B3 CUOGE CyEnAde untl B 70 N Mool Hushing Sohe. Neplaces philkiiers ohce e s
M [HH :I;é-m urTacd @Y RDOIFIEN MBLaud with B winter. Mand st ey opdralion B hraday, 1 Slyseem.

W dhanan,

Chsbn 40ua DunHoelum &f Maame iee witer vl ow and mcycis of gt Dpsaiion 11 hidey musimast. bectera anc g
THI FIA e vt G0 DU e 1O S, FeGd EOMESa N Ml MR AMIL oWl 48 @ prootem. Claanimg wiih tormshetyge (L
Ly [uAAr cohtentriad in ol PYROOIEHDN paAOL Pramsaiment ol (e Sone gty 10 prevent fouling Snih Gactans or plgas.
it GOmgry g ol T Hba with DT SOUE S RN IR wi] D 5 HyDOThonie SoMution Lia gy T-1 mosiiv o con.
A A D5 o coririos IS, UHCSwDbS I HIOVRTEHOM S T fa- W00 Honthae Bgas geonith_

Wuabhen WS Jme. g adfuTimes paor M O b 4550 Finm s,

OFHILEL vty . PRI AP T Om S G S ROOVE oo P e 1 DN

minerallsnd exiy waber ApQiou Tl N gp TETA

g was Gl rad w2 Putiptarivee of /v S i 8| asit NOem Sy I Brale  Smetmng (e apormubmslely 3 i, Sommid bl i
oy masiadn T B PRCTETE O P w e (0 QUL ODETEIsGn. FupieCh f Tty BGncan:  Shon TH hiuiouy, 5§ Sy iieeibll, ORTRbion by ol S0
G L, ] AT W S0Us e DON DN [ovats. FralIpUTaon ] OF bk sl i Stah Ermmg Tl Gt it H yri s MMOADY, 90 Promg £ur curnbie

of IRiwteen o8 Qirely Py, st [HE MRS e 3 o CluTindiys MR
P SOt 1 S8 pF e A S il K ety ent hisge 1
vt Man Hanouh A e sy bacn, 1577

A review of existing reverse osmosis installations {1983} has been
compiled (34) and is reproduced beldw.

3.4.1.1 Hickel Installations (33}

There are at least 150 systems operating on various nickel baths,
mastly wutilizing cellulose acetate membrane elements and with
recoveries in the range of 90 - 973, The relatively bhigh
evaporation rate resulting from the 2levated bath temperature
generally allows complete recycle of the concentrate stream as well

as the perweate stream,




TABLE 3.10

Recovery of Nickel by Reverse Osmosis (33)
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Type Years of
of Membrane Membrane | System System Items

Bath Element Life Payback Operation| Plated

Hatts Spiral Cellulose | 2 years 12 manths 4 Ludgage
Acetate Hardware

Hatts Spiral Cellulnse | 1 year 12 months 5 Wire
Acetate Skelving

Watts spiral Cellulaose | 1 year 16 wonths 5 Wire
Acetate Shelving

Watts Spiral Cellutose | 1 year 24 manths 5 Steel
Acetate Stamping

Hatts spiral Cellulose 1.5 36 months 7 Job Shop
Acetate years

Watts spiral Cellulose 1.5 24 months 8 Job Shop
Acetate years

Watts spiral Cellulose | 1 yaar 30 months 5 NiA
ﬁcet;te

Matts Spiral Cellulose | 2 years § months 6 Elecirical
Acetate Devices

Watts Spiral Cellulose | 4 years i1 manths 8 PTumbing
Acetate Hardware

Hatts Spiral Cellulose | 3 ysars 8 manths 9 Steel
Acetate Furniture

Watts spiral Cellulose | 1,5 18 months 6 Electrical
Acetate years Devices

Bright Spiral Celliulose 1,5 14 months 11 £ lumbing

Nickel Acetate years Hardware

Bright Spiral Cellulose | 2 years 36 months 4 NSA

Hickel Acetate

Bright spiral Cellulose 1.5 12 montas 5 Automot]ve

Hickel Acetate years Bumpers
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TABLE 3,10 {continued)
Ty Years of
ugq Membrane Membrane [ System System [ tems

Bath Element Life Payback Qperation | Plated

Bright Spiral Cellulose | 2 years 8 menths 9 Hard Toels

Nickel Acetate

Bright Spiral Cellylose 1,5 20 months B Brass

Kickel Acetate yaairs stampings

Sul famate | Spiral Cellulose | 2 years 13 months 5 Electrical
Acetate Terminals

sulfamate | Spiral Cellulose 1,5 H/A 3 p.C. Board
Polyamide years Contacts




3.4.1.2 Copper Sulphate Installations {33)
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Approximately 12 raeverse osmisis systems are operating on rinses

from proprietary copper foil manufacturing processes,

TJABLE 2.1l

Recovery of Copper by Reverse Osmosis (33)

Humbar
of
Syste@s

Feed
Fiow
{m3/h)

lembrane
Element

Concentration

Composite

System
Recavery

Mambrane
Lifa

Years of
Systam
Operatjon

10

14

9.5

Hollow
Fibre,
Polyamide
and
Cellulose
Triacatate

Spiral
wound,
Thin Film

Compasita

Waste
Treateent

Reuse

75%

87.5%

1 - 3 years

1 year

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




B3

3.4.1.3 Zin¢ Sulphate Installations (33)

J.4.1.4

3-4.1.5

One reverse osmosis plant is operating on the zinc sulphate rinse
from a proprietary copper foil manufacturing process.” The system
ut{lizes spiral wound thin film composite membrane elements with a
feed rate of 10,5 m3/h and recovery of 87,55, ATthough the system
has been in for mors than sevan 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 wvolume in an
evaporator {aperating at 90% recovery) and returned to the bath,

Brass Cyanide Installatfons {33)

Approximately five reverse osmosis systems are operating on the
hrass cyanide rinses from a proprietary capper Toll mapufacturing
process, Both polyamide and c¢ellulose triacetate hollow fibre
meabrane elements are wutilized, Feed rate is approximately 15
m3/h per system at a recovery of 90%, The systems have been
operating for five years and the wembrane element 1ife s 3 - 4
years, Pratreatment s one wmicron filter catridges for the
patyamide alements and 3 micron filter cartridges for the cellulose
triacetate elaments.

Copper Cyanide Installations (33)

A reverse osmosis plant is operating at a printed circuit contact
plating appiication in which the First flowing rinse is fed- to a
polyamtde hollow Fibre membrane elemant at a flowrate of
ahpmximtﬂy 50 m3/fh. The system operates at approximately 902
recovery, with a portion of the concentrate recycled to the plating
bath and remainder to the waste treatment system, A1l of the
permeate 15 reused in the rinse stream, The system has been
operating for more than three years., Pretreatment is one wicron
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 93% recovery, with approximately one-half of
the concentrate recycled to the plating bath and the rest to the
waste treatment system, A1l of the permeate is reused in the
rinse stream. The system has been in gperation for more than
seven years, Preireatment s by 1.2 micran filter cartridges
followed by 0,45 micron membrane filters, and the membrane life is
abeut 4,5 years,

Chrome Installations (33)

A cupper'fuﬂ manufac turer has been investigating the use of spiral
wound thin filim composite membrane elements for use In recovering
hexavalent chrome from the rinses in a proprietary manufacturing
process, Hollow fibre membrane elements lasted only 1 - 2 months
befare 1irreversible fouling, occured spiral wound ejements have
parformed satisfactorily €for over & months. Pretreatment
consisted of 5 micron cartridge filtration,

Anodising Dye Recavery

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

Vltrafiltration is a low pressure membrane filtration process used
for separating macro-molecules, coltloids, emulsions and suspended
sa)jds from water. A semi-permeabie microporous membrane performs
the separation, Watar and Tow melecular weight solutes pass
through the membrane and #re removed as permeata, The feed stream
flows parallel to the membrane surface. This cross-flow
characteristic differs from the perpendicular flow of ordinary
flltration. For ordipary filtration, a filter cake builds up on
the filter septuwm, resulting in frequent filter replacement or
cleaning. In uvitrafiltration, the cross-flow conditions prevent
filter cake build up and high filtration rates or fluxes can be
mafntained continuously,

Emulsiffed oils from rinse baths Tollowing degreasing {35) or
phosphating tanks can be concentrated by ultrafiltration. Tha
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 agueous solutioms,
The Donnan exclusion mechanism is responsible for salt rejection.
For a membrana containing fixed negative groups, the effect of the
Donnan potantial is to repel anfans {co-fons) from the membrane,
cations are thus rejected in order to mafntain eliectroneutrality
across the membrane. The rejection of salts is high 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 membranss (negatively charged sulfomic
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 957 water
recovery is given in Table 3.12.
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TABLE 3.12 Removal of Metal Salts from Copper Smeliing Scrubber

Blowdown
Feead Rejection
00% Water Recovery | 95% Water Recovery
pH 4.5
Suspended Solids | 600 mg/i
As 100 mg/1 0,93 0,91
Se 20 mg/ d,90 0,89
cd 10,5 mg/1 0,77 0,73
Zn 86 mg/i 0,77 0,73
Cu 297 wgfi 0,86 0,583
Fe 149 mg/1 0,98 0,97
Ph 35 mg/1 0,98 0,97
Hg 2 mgfl 0,93 0,91
ta 625 mg/l 0,75 6,71

The estimated net operating cost for a two stage ultraf{ltration
system o treat Im3/h of rinse water (59 mg/1 Ni) from a MWatts
nickel bath would be $720/m3 {1979). The water recovery of 91% and
a nickel rejection 83% would enable both the nickel cancentrate and
the permeate to be recycled.

Millipore PTAL negatively-charged membranes wers 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 963
and decrease as follows:
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Zn{Ch)42~ > Zn(CN)3l- and
CulEDTA}Z- > Cu{CN}q2- 3 Cu{Conq)2-1.
Cross-Flow Micrafiltration [(CFMF)

Cross-flow microfiltration diffars from conventional barrier
filtration in that the feed flow is parallel to the filter septum
hence the accumuliation of the solids on the filter medjum can be
controlled by the shearing action of the Flow (38, 39, 40), Thus,
CFMF offaers the possibility of a quasi steady state operation with
nearly constant flux when the driving pressure differential is held
constant., Cross=Tlow microfiltration removes suspended solids
whereas uvltrafiitration and reverse osmosis removes wacromoleculas
or macromolecules and tons in addition to suspended solids, The
filter tubes can be conastructed from porous plastic, fibre glass,
sinterad ceramics, matal carbon or woven fabric,

Results obtainad (38) using porous plastic tubes for the filtration
of effiuent produced by the manufacture of lead-acid batteries
indicate that the suspended solids are reduced from 150 g9/1 to 3
mg/1, lead from 200 mg/7 to 0,1 m3/1 and similar rejections for
copper, nickel, zinc, arsenic and antimony, Average permeate
fluxes of 401/mZh were obtained for a water recovery of 853, the
resulting sludge contained 20-35% w/w suspended solids,

The finstallation of a cross-flow microfilter results in a self
contained effluent clarification system that dees not require the
space, 1liquid flow or retention time associated with typical
clarification systams. In a field evaluation (40) a Hydroperm
system was operated in parallel with a clarifier at a metal
finishing firm, The inlet pressure to the unit was 140 kPa and
the feed Flowrate through the tubes was 2 mfsec, 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 3/m2n, The suspended solids in the
permeate was generally below 10 myg/1 and the concentration of

cadmium was less than 0,5 mg/! (when the pH control was correctly
maintained),
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Cross-flow ultrafiltration using micro porous membranes (Hemtek)
reduce dissoived metals to 0,05 mgfl.  Lancy have fntroduced &
polypropyleng membrane ceated with a proprietery inoryanic powder
and is used after sulphide precipitation to reduce metals to below
0,05 mg/1 (41},

Electrodialysis
Electrodialysis is based on the following points :-

{a} Most of the salts dissolved in water are ienic,

{b) Thase positive or hegative1y charged salts are attracted by
an oppesite electrical charga, and

(c) mesbranes can be devised which will be selective to the type
of charged ion which they will pass or reject i.e, membranes
which paés anions but reject cations s an anionicepermezbie
membrane.

The electrodialysis process ts illustrated in Figure 3.14.

M

. @ ©)

Cathode {~) _ ::: h'{+1kmn

Wt )
() ©l

Figuse 3,14 @ Cleetrodialysis

ED membranes are flat sheets usually made of a plastic film which
is bondea to a fabric backing to provide strength, [on transfer
sites are added to the membrane ta give the ionic characteristics.,
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Two types of membranes are currently produced : homogeneous ana
heterogeneous. The former, made by Tonics, has sites uniformally
distributed through the membrane and the 1atter‘[5uch 45 made Ly
MHitsubishi) has discrete charge sites.

Membranes come im various sizes and a typical production size is
1 020 % 460 mm. Holes are precut in the membrane to form Flow
channels and assembly holes.

Several different membrane types are produced with varyiny charge
density, susceptibility to anionic membrane fouling and tightness
to water flow.

The membrane stack is iljustrated in Figure 3,15 showing different
stack arrangements. The stack consists of membrane sheets and
spacers to give alternate concentrating and dtiuting cells, The
number of stacks, stages and electrodes used is determined by the
design.

Fuod '“_Eﬂ
Gunnul'll_lirutu_E
Electrodes
Fand Top End Plota Electrada
-\v Wosis
{-} Cathode %
| 1] Cation Tronsfer
| 1 - Mambrona
——Oeminaralixed
A [ | Flow Spocer
—_ :ﬂ‘ L-—Connm‘lrutn
- Flow Spocer
[ I*‘hnhn Transfer
Membrons
—{
(+) Anode ‘ 1%
Elactrode ABotiom Eng Flola Elmctrods
Fand Waste
Product
Concanirgtis
Out

Figure 3.15 : &lectrodialyseis Memdaane Stack
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Electrodes are generally constructed of nicbium 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 electirodes 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 raversed several times an hour,

An electrodialysis (ED) system (41) using lomac MA 3475 and MA 3470
membranes was used to recover and recycle copper cyanide.
Limitations in the concentration ratie that could be achieved
necessitated a two stage ED system linked into a two stage static
rinse system, Cach stage maintained a concentration ratio of
128 : 1 i.e. with a plating bath at 52,1 4/1 cyanide the rinse
baths operated at 407 mg/] and 3,2 mg/l respectively. All the
cyanide, metal and impuritfies are returned to the plating bath
necessitating periodic replacement or continuous purification,

The membrane flux was 1,4 1/mh for a concentration gradient of
16 500 : 1 in a two stage system, Tha capital cost of the sysiem
to treat 31,78 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 elactre osmotic transport of water and the transport of ¢ounter
ions Tiwit the maximum obtainable copper cyanide concentration to
85 g/1, 1f the plating bath were operated at an elevaied
temperature then evaporatfon leosses would enable a plating bath
concentration of 120 4/1 copper cyanide, The use of anionic

brighteners caused membrane fouling, These results would be
applicable to cyanide baths of zint¢, cadmium, sflver and gold.

Electrodialysis has been used to recycls dragout from Watis Nickel
plating baths using Neosepta mesbranes supplied by Tokuyama Soda Co
(42}, Two static dragout tanks foliowed the plating tank.
Electrodialysis treatment of each of the static dragout tanks
maintained the nickel concentration at 2-3 gf1 in the Tirst 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/l
ragpectively, The usage of raw materials and destruct chemicals
were reduced by over 90%, The payback time for 2 system operating
for 5 000 h/year would be 2.8 years.

The advantage of ED aver R0 is that concentration ration of 5G to
100 fold can be achieved permitting direct return of the
concentrate to the pilating bath with out the need for evaporation,
ED 1s a contiomous process and requires no interruption for
regeneration of ion exchange material or disposal of regeneration
shlutinn_s as in conventional ion exchange systems,

Teflon based jon exchange membranes (Hafion, Flamion) have enabled
electrodialysis to be carried out under extreme oxfgdising
conditions, A process has been developed by the US Bureau of
Mines (43) for the one step purification and reoxidation of spent
chramic acid solutions.

The effluent from the sodium dichromate/sulphuric acid pickling of
brass forgings containing copper, zinc and ferric jons together
with trivalent and hexavalemt chrome. The cation exthange resin
rejects the chromium fons while allowing the passage of mono and
divalent cations., \Under the influsnce of a d¢ current the metal
fons are either accumulated and concentrated (zinc, iron) or plated
out as metal on the cathode (copper). The lead alloy anode
oxidises the frivalent chrome to hexavalent chrome as in a plating
bath. The chromic solution is continuously recirculated through
the cell, The fnstallation of the systewm has resulted in the
pickling solution lasting for over 13 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 js
much wore attractive than evaporation (Table 3,13]).
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A similar type of mambrane 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 etiching line.

TABLE 3.13 Comparison of Treatment Costs {28) of Chrome
Rinse water by Evaporation and lon Transfer

Costs {US $ 1980)
Evaporation Jon Transfer|
Total Installed Cast {75 1/h) 35 850 13 000
Annual Operating Costs
Labour 525 390
Maintenance 2 150 1 260
Plant Overheads 690 575
Steam (@ $4/1063%u} 2 020
Cooling HWater {1 00O US gal/h
at 50,58 / 1 000 gai) . 540
Utilities 750 250
Replacement Membranas 500
6 699 2 375
Annual Fixed Costs
Depreciation {10% of investment) 3 585 1 300
Taxes and Insurance 3560 130
Total Annualised Operating Costs 10 640 4 405
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The savings in chemicals, water and effluent charges for bath
systems would be the same,

lon-exchange membranes can be used in Donnan dialysers Fiyure 3.16.
I1f splutions of to electrolytes are separated by & cation ion
exchanye membrane the anion composition of the two solutions smust
remain constant since the meabrane is impermeable to anions, The
cations will redistribute Obetween the two solutfons untid
equilibrium is reached (see 3.4.5 Coupled Transiort), The US EPA
is funding research into the removal of metal cyanide complex ians
from electroplating process wash waters.

Cation — Exchange

Membrane

Cu ++ Enrichad haa Cu ++ Depleted

Effiuant Effluent

o Cut+
Cr _
9, C_ .
H* »
0.07M HCI I 0.001M CuCly

Figuae 3.16 : HMechaniom of Doanan Oialysis




3.4.5

39

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
theraby, for example, separating this spactes from other species
and concentrating it as well, These membranes can thus bs
considered as a kind of salective chemical pump. Two types of
membranes are avaljable,

(i) a suftable 1iquid complexing agent constrained by capillary
forces to the pores of a microporous membrane,

{ii)  a charged semi-permeabie membrane,

In the case of a 1iquid membrana, the 1iquid complexing agent is
specific for the permeant of interest under certain conditions.
The desired permeant is complexed at one fnterface of the membrana
and the external solution. The complex diffuses acrass the Tiquid
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 {t
picks wp 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 hydragen ion.
This jon can either cross the sembrane in the same direction as the
metz] of interest {(co-transport) or opposite to the metal fion
{counter-transport), gecause of the requirement to waintain
electro neutrality across the membrane, the hydrogen fon must move
in the same direction as the metal ion if the metal 1s present in
the anionic form eg, chroemium 2s chromate., On the other hand with
free metal) jons such as copper or nickel in sclution, the flow of
hydrogen ions must be counter the flow of metal ions,

Tests were carried out (45, 46} on a range of complexing ligquids to
determine membranes and conditions that would be suitable for
plating effluents containing chromium, copper and njckel,
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substantial savings could be realised for chromium recovery, copper
recovery would be marginally economic while nickel recovery would
noet be economic, The complexing liguid in these cases was 2
tricapryly’ amine, (Alamine 336, Henkel),

The payback time for various chromium recovery sSystems has been
calculated to Da:-

31,9 years -~ coupled transport
5,2 years = ion eéxchange
4.9 years - evaporation

At that time R.0. was not suitable for chromium recovery however
the payback time for the recovery of nickel plating effluents by RD

was calgulated to be 4,3 years,

Activated Carbon

Activated carbon has been used t0 remove heavy metals such as
copper, cadmium, iron (3), chrome {6) and chrome {3) (49, 50, 51).

Hexavalent chrome is both adsorbed and reduced on activated carban,
The maximum Cr{6) adsorptive capacity is at pH 2,5 and decreases
rapidly between pH 2,5 and 7,1. fBelow pH 2,5 the Cr(s) is reduced
to Cri{3).

If the pH conditions are unfavourable for Cr{6) %o Cr{3} reduction,
then the chroma can be elutad from the carbon with caustic soda and
recyclad,

The adsorptive capacity of tne carbon was in the range 870-180
mote/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 5 shown in Figure 3.17 '{the rate of
adsorption to reduction is 50 : 1),

Elution of the carbon with 34 bed volumes of i Molar caustic soda
resulted in a 3,8 Molar Cri(g} stream which represented a
concentration factor of 38 for a feed condition of 1 X 10-3 M

”lzCrM. The carbon lYosses were estimated at 2% per cycle,
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The chemical cost {19879} to reduce 34 m3fda3 of 168 ng/l of
disodium chromate were given as 30,51 for sulphur dioxide and 3G,4€
for activated carbon,
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Figure 3.17 : The carbon dose nequined fon 99% treciment of &
7 x 1073 # ﬁﬁ2C4G¢ sodution as a funciion ol pi
and Na a0, in the head reactor
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lon Exchange

Ton exchange 1s a versatile separation process with potential for
broad application in the metal finishing industry {52), both for
raw materfal recovery and reuse and for water peollution control,
Three main areas of application have been demonstrated:

(a} wastewater purification and recycle
(b) end-of-pipe pollution contiro)
(¢)  chemical recovery

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

Water Purification and Recycle

Mixed rinse solutions are treatad to permit reuse of the treated
watar, The contaminants in the rinsas are concentrated fnto the
small volume purge streams and are thereby sade more economical to
treat. Advantages of ion exchange are that it separates dilute
solutions of {fomic 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
anvironments,

End~of-Pipe Pollution Control

fon exchange {s used to remove only the toxic heavy metals and
metal cyanida complexes from combined waste streams before
discharge., The non-toxic fonic compounds are allowed to remain in
solution,  This process can aither follow conventional hydroxide
precipitation to lower the metal comcentration in the discharge or
else i{ can be used to directly treat wastewaters ta remeve heavy
metals and metal cyanide pollutants. '




TABLE 3.14 Amine-Borane Resin Selectivity for Metal
Ion Species

103

Reactive Hon-reactive
Metal Ion Source Metal Yon Source
fud¥ AuC1y- Group 1A Chleride salts
pr+ PLCly- Group 11A Chioride salts
pid+ PiCig~ Group l1iA Chloride salts
Pd2+ PaCl; Group 1VA Oxides & nitrates
Ag¥ AgHOA Lrat CrCly
Ir3+ Irci, Mo+ MnC1z
Rh3+ RNC1, Felt FeClp
Hgl+ HQEC]E Fgdt+ FEE]3
Hg2+ H93C 12 Cal*r CoClz
CHzpg+  CH3Hgs) | Ni2t+ NiC1,
Asd+ Aszﬂa tut Cul?
$b3+ Sbagy Cult Cully
B3+ BH(NO3}q | zp2+ InCl,
Ca2+ £dC,
Rus+ RuCl
Snd+ 5"[2]4
phet PD':.HDSJZ
T13¢ Ti {5':]4]3
TABLE 3,15 Saturated Capacities of Amine-Borane Resins
Grams of metal per
Metal Source g of dry resin

Platinum | Kppteig
Platinum | Kipigly
Gold HAuC1,
Palladium | PdCl,

0.6
1,2
0.8
0,64
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Conventional hydroxide precipitation s wusually sufficieat
treatment to comply with most discharge regulations however when
unusually strict limits are placed on effluent metal concentrations
or where metals are complexed with chemical constiiuents that
interfere with their precipitation as metal hydroxides,
conventional treatment may not beé reliable for compliance with the
discharge 1limfts. Ton exchange can provide a relatively
inexpensive method for upgrading the systeam performanca.

lon exchange has been used in a limited extent to remove the toxic
pollutants selactively from an untreated wastewater while allowing
most of the non-toxic ions to pass through. Heavy wetals and
othar 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, caleium and
magnesium ions with a heavy-metal-selective weak acid or chelating
cation exchanga resin,

Heavy metal and metal cyanide complex jons can be removed from
solution while allowing most of the wastewater jonic components to
pass through by a stratified bed cnnﬁining strong and weak acid
cation and strong base anfon resins.

Chemical Recovery

In the chemical racovery applicatian, 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 law

degree of congentration is required for recycle of the concentrate,
ion exchange has been demanstrated commercially for the recovery of
plating chamicals from acid-copper, acid-zinc, nickel, tin, codalt
and chrowium plating baths. The process has also been used to
recover spent acid s¢lutions and to purify plating solutions for
longer service life, The payback time for the treatment of a
chromfc acid bath would be 5,2 years,
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A new class of Amine borane resins have been devaloped for the
recovary of precious metals {53), These resins are mild reducing
agents and they combine high capacity {Table 3.14) with exgellent
selectivity (Table 3,15} for precious metals in the presence of
base metals. The 1onic metals are removed from the solution by
redution and jmmobilized within the porous resin head. The metals
are recovered by roasting the resin at 500 - 800°C in the presence

of air,

Electrolytic Process

E'Iectrulytié 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 oparating cost and
no chemical treatment is required, The major problem is that
dilute solutions of electrolytes have a high electrical resistance
consequantly treatment of dilute wasie streams Decomes prohibitive
because of high electricity costs. Recent {investigations have
therefore, centred on development of an electrolytic method. that
could treat dilute solutions and overcowe the high electrical
resistance of the cell. The use of Jow voltages in plating baths
is & 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 geperate
ferrous ions which react with hexavalent chromjum to produce
trivajent chromium, The reaction occurs rapidly and requires
minimum retention time. The level of hexavalent chromium leaving
the reactor can be maintajned below 0,05 mgfl. The pH of the
effluent usually fncreases by 0,5 to . 1 umit because of the
genaration of hydroxide ions. Tha chemical reduction systedm has a
combined treatment and sludge disposal cost greater than electro
chemical system when the influeni haxavalent chromium concentration
exceads 5 mg/l.

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
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alectrical resistance) for the reduction of chromium and axidation
of cyanide in separate cells,

The Electricity Council Research Centrs (UK) (55) has developed the
Chemelec cell which enables cations such as copper, nickel,
nickel-jran, zinc, cadmium, ¢obalt, siiver and gold to be recovered

from the first static dragout tank, The fluidised bed promotes
mixing in the cell and thus enabies the concentration af heavy
metal in the dragout tanmk to be maintained at 100 - 250 mg/1. The
total power requirements of the unit amounts to 7,5 = 20 kWh/kg
metal recovered, The recovered metal cam either be reused in
plating or sold as scrap. Other types of cathodes such as porous
copper, iron or carbon are also available,

Biological Methods

Bacterja similar to those used to extract metals from ores are
being used 1n pilot tests for the racovery af metals from plating
rinse water (44). Cadmium and lead are biocaccumulated by the
micro organisms, which are separatad from the effluent and is
burned to recover the elementa) wetal.

$ludge Handling

As far as the disposal of sludges to land fill sites are concerned
the only commen plating compounds that are included in the EPA
Extraction Procedure toxicity limits are cadmium, chrosmium and lead
(56}. The other metal sludges are cansidered safe for disposal in
Tand 117 sites,

The cost of disposing of sludges 1is very much greater than
disposing of solids consequently sludge dewatering 15 necassary
after ; any precipitation process, The EPA has published a
comparison (56} of the following types of mechanical dewatering
equipment :

pressure filters

vaccum filtars

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 finfshing 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 Characteristies

Faxd
Socs Cakg tehddi Inganiled
) LT TN
Fquipmamnt Rate Saldy % by cOnG erralich casl .
% by 1% by weght) (1,000
lgalimm weight} wpigh®
Fillr pIREE. . vnvn - enenn - 2-250 -5 25-89 X-50 20- 20
Wacyum Giher, ... ..., 1.250 a1 £i0-83 15-40 J0-150
Fracodt vacuum filer ... .. 1-250 0.5-3 95.59 20-50 30-15Q
Bosket cenurduge -, ... 2+60 25 50-95 5-25 20-17%
Prassute belt lilter ... .. ... 5. 200 -8 $0-95 0-A0 40-204

*Feed soiwds w»n shdge cahe.
T1HA1 dallzrg. InclQEs Sukildny squipment.




TABLE 3. 17 performance of Dewatering Equipment for
Electroplating Sludge

Sludge Sohde (% by
izad winghi|

Equiptnent type arid unil Eixs - —_— Camment
igal bl Feed  Cobw
Aecespnd plate hiver pwess

8.5.h? sludpw-hotdung capaciy 5 3 D WA

1 1t? wludge-noing capacity oo ta2 30 Pasnc-planing hme
sludge .

13,547 sludge.holding ¢npdcity HA NA 40  Chromiym hydigs-
wde dewaterng

i1-h? sludga-halding Capatity f2s 5§ 35.40 ([Operation atienlien
2:h yhelt;, Wt

cieaned ewgry 68
wh with wrciny-

triagt S09 HCY

260-h? pudoe-hoiding capenty . 12000 36 30 Heal-tmmiwd ing
hydrga e sludge

Vecoum fifter? ... . HE 35 TO-TH  Metal oxdd wakla

traalmeni sludge
Actary praEos vacuum filtes

9d Sbravon aree ... ... 100- 150 MA 15 Low casinlanentd
37302 filration wral ...l [0 1S 30 Cb ide 1y
repairs CENMH

Basker canirduge.
1+pal Bowl capagily ... ... ........, 120 a 12+:20  Sausfapiory peir
igrmanca. low
MANIENINGy

d-gal bowl capacety . .., ... ... ... 120- 1585 g 1§  High mamiensnzs
Pressues bt hiner O.8-h-wndr 3hucye-
bk cmpaeiby . ... ... 80 16 NA  Abwrangm tydroa-
nwhe sludge

il aize nen avalabha,

Nile,=Ha = nol available, -
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Capital {ost of Effluant Treatment Systems

The capital costs of waste water treatient alternatives for the

electroplating industry have been determined by the US EPA {14, 55,
!

S$6) and are reproduced in Figuras 3.19 - 3,29
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o Legand :

Winimum slza [ o total installad investment
unf + + » - hardwore cont

perrtt! Instofled cost Iz iwice hordwore
coel; =y=tern conalsin of two 4-
hour reaction tanks and nascassory
guxlllarias,

‘{ "System piciured in Flgure 1;hord—
ware coet for package syatem
L aquales 80X of instafied cost,

Hote: —Cost bouls, July 1978,
0 SOURCE: Equpiment vendor.
- T

—
20 AQ &a aa
Flow Rats (oal/min}

Inveatment Cost ($1,000)

Figuae 3.19 ¢ ZFnvesiment (ool foa Chromium Reduction lnids

Lagand:

totel Inatcllad investment
Minmum sire L =+ *hardware cost

11

9 Inatpiled coet Iz twice hardware
coet; system consists of two
4=hour raactlon tanka ond
nacassary auxillaoriae.

b Syatem pictured in Figure 1; hord=—

wara coet {or packaga eywiem equala
80X installad cost,

Investment Cost ($1,000)

Note:—=Cost baels, July 1978,
SOURCE: Equlpment vendor.

10 20 30 0
Flow Rots {gal/min)

Figune 3.20 : Javestment Coaf foa (yanide Oxidution Unite
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20+

15+

Investment Cost (§1.000)}

0 20 40

Flow Rote {gal/min)

Notes.—Cost basis,July 1978. Hardwore coet for pockage
systemn squals 80% of installed cost,

SOURCE: Eguipment vendar.

Figure 3.21 ; Jnatalled Cost for Continuous Single-Stage Newtralizaiion/
Precipifation System

3 & ¥

Investment Coat ($1.000)

|

o 20 4

T
80

L

]
80 100

Flow Rats {gal /min)

Legend:

A = reciongle mixac clarffler
with automatic sludge drow-—
off

B = plate—typs clorifier with
floceulating chamber

Notas.— Coet basla. July 1878,

Hordwars cost for thase unile
equa BOZ of Invastmant

cast.
SO0URCE: Equipmant vandor.

Figure 3.22 ! Jnatelled Coai fon Filocculation/Clonification System




INSTALLED COST ($1,000)

112

Legeng:

— g@trochamical raduction
60 — = =chamicol reduciion

¢r*S w 50 ppm
Cetd = 20 ppm
m —
20 -
0 T I T I
D 20 40 60 Bh

FLOW RASE (gal /min)

Figuae 3.23 : IJnatellation Coat Companiaon of Electrochemical and
Chemical Chromium Reduction Units

— 040
[
L
-
&
2 030
=
- Raductien with S0
&
o
a 0.20-
%
- ]
E 0.10 - Elactrochamicol raduction
=
0 1 T 7 T

) 20 40 &0 BD
Cr+€ CONCENTRATION (PFM)

9xcludes pumping and sludgs dispomal costa.
Bageed on $0.07 for raplacament alacirsdes ond
$0.02 for slectricity for ench 10 ppm treoted.
€Frem Flgurs 11.

Figune 3.2 : Taeatment Cost Comparison of Edectrochemical and Chemical
Chromium Reduction Unifa




Evaporation Equipment Costs®($,1000)

1113

120

100 4 Chromium
80 4
60 -
40
20 -
0 [ T ; j T
0 30 100 150 200 250 300
Wostewater Flow To Evaporator (gal/h)
'}

Tetol Instollad co=ts are approximotaly 10%
to 257 higher thon aquipment costs.

Note: -

Subrnerged tubs evoporators cost opproximately
30% leas than rising film svoperaiors.

Example: A 80 gol/h rlalng film' avaporoter for
nickel ploting processes costs approximotaly
$48,000 and anothar $10 000 te Install.

A sybmerged tube evoporator cosis opproximataly
$34,000 and $7,000 to Install,

Figure 3.25 : Capiteld Cost of Single-Effect Rinding
Film Lvapuaatona
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{ egend:
wemw  [ncluding gnnual cost of fiilter press
120 - == wn disposal only
100 -
Eu -
604 10~ 3

filter capacity

40 4 5—&3 fter

Annual Disposal Cost®($1.000)

capacliy 1
-
20 - L
-
-
0 ‘f’ 1 T I T i
0 B0 120 180 240 300 260

Clarifier Underflow’ (gal /h)

° At $0.43/gal. Sludge dewcterad to 25% solids by weight.
* At 3% solids by weight.
Note—4.800-h/yr cperatlon.

Figite 3.26  : Filten Paess Dewatering Syatams : Annucd Sludge
diaposadl Coata
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120

100 -

é 80 -
&
o
.
o
o

E 680
9
k3
(=]
-]

-

20 -

Jflawmt
e cludee ool cost of voouom Mter
/ o= = daposal only
U'r 1 - L) L] .
0 100 200 200 400

Clarifier Underfiowt{gal /h)

* At $0.43/gal for bulk 40.000-Ib truckload shlpped 300 mi to landfill.
Sludge dewatered to 25% solids by weight,

* At 3% solide by weight.
Note—4.800-h/w operation.

Fipure 3,27 : Rozesy Vacuum Filters : Annual Sludge Oispudad Coata
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(a)
To claorifier
Clarifiar " Flitrat
underflow ] rate Basket
€ : # centrifuge
—_—— PO
pmt pump
Polymer - - -__' —
feed ot e ot st s
tank Wi/
el st gureel]
Flltrots
sump
Sludge fead sump
Note.— PD = posgitlve displacamant
(b)
130 —

__ §-Ft3
125 Cantrifuge

2=gal
Centrifugs

00—

75

50

Annual Disposal Cost? ($1.000)

! T T T
g 100 200 3c0 400

Clorifier Underflowb (gal/h)

Lzgend:
e i cludes annual cost of centrifuge
= = = Hauiing ond disposal only

At $0.43/qal. Sludge dewoatered to 20%
solids by waight.
At 3% solids by weight.

Note.— 4.800- h/yw operation.

Figune 3.28 : Boshet Centnifuge Syatems: fal Dewatering Syatem with Auxiliany
Cquipment and (&) Annual Sludge Dispoaad Coat
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120

Lagand:

=== daposd only

] T T
50 100 150 200 250

Cloriflar Underflow®({gal /h)

9 At $0.43/gal. Sludge dewaterad to 20X sollds by welght.
®

At 3% scllds by weight.

Note.—4,B00=h /y oparation.

Figure 3,29 : Pressure Belt Syatem ¢ Annual Sludge Dispoaal Coat
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Symmary of the Appiicability of Treatment/Recycle Technigues

A summary of suitable treatment/recycle technigues is givem in

Table 3,18,

TABLE 3.18
Teachniques

Metal Finishing Processes and Effluent Treatment/Recycle

Application
Effluent Water Chemical

Process Treatment Technfque Treatment | Recycle | Recycle
Sand blasting settling
Tusbling filtering X X
Polishing
Buffing
Chemical settling X
Gleaning solvent skimming %

oxidation of c¢yanide X

neutralisation X

ultraf{ltration X X

jon exchange X x
Anadizing neutralisation X

reverse osmosis x x| X
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Process

Treatment Technique

A

pplication

Effluent

Treatment

Watar
Recycle

Chemical
Recycle

Chrome plating

reverse osmpsis
electrochemical

chrome reduction
precipitation of chrome
settling/filtratiom
activated carban
cementation

(chrome reduction)
integrated system
ion exchange
evaporation
electrodialysis
Donpan dialtysis

x M X mx M M

MoM M M W X

MooM oM o

F A S .

Acid copper

pracipitation of copper
electrochemical
neutralisation

ion exchange
settling/filtration
cementation

intagrated system
reverse osmosis

b B S U R L ]
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Process

Treatment Technique

A

pplicatian

Effluent
Treatment

Water
Racycle

Chemical
Recycle

Acid nickel

neutralisation
precipitation of nickel
electrochemical
settling/filtration
fntegrated system
reverse osmosis
electrodialysis

ion exchange

E A A A T T -

Acid zine

neytralisation
chemical percipitation
settling/filtration
reverse osmosis

ion exchange
electrochemical

R N T

Zinc cyanide

chamical cxidation

of cyanide
pracipitation of zinc
settling/filtration
glectrochemical
integrated system
reverse o0smasis
aelectrodialysis

M oM M M o m M
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Process

Treatment Technique

Application

Effluent
Treatment

Kater
Recycle

Chemical
Recycla

Cadmium ¢yanide

chemical oxidation
af cyanide

precipitation of
cadmium
settling/filtration
electrochemical
integrated system
electrodialysis

Mo X W

Copper cyanide

neuiralisation
chemical oxidation
of cyanide
precipitation of
copper
settling/filtration
integrated systam
elecirochemical
reverse osmosis
electrodialysis
avaporatian
Donnan dialysis

x oM M X M M M X

o X WX

E O - - -
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Process

Treatment Technique

A

plication

Effluent

Treatment

Watar
Recycle

Lhemical
Recycle

Electropainting

ultrafiltration

Silver plating

cementation
ion exchange
reverse osmosis

Watts Hickel

reverse asmisis

General factory
affluent

oxidation of
cyanide
reduction of chrome
neutralistion
precipitation of
matals
hyperfiltration
jon exchange
evaporation
activated carbon
ultrafiltration
cross-flow
microfiltration

b

Mo X XM = R

xOoOK oM M
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Appiication
Effluent HWater Chemical
Process Treatment Technique " Treatment | Recycle| Recycle
Chromic acid avaporation X X X
electrodialysis X X X
Donpan dialysis X b X
fon exchange X X X
activatad carbon X X
slactrochemical X X X
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CHAPTER 4, LITERATURE SURYEY - EFFLUENT DISCHARGE LEGISLATION

4.1

U.S. Environmental Protection Agency Regqulations

The Unfted States Environmental Protection Agency (EPA) has
prepared detailed reguiations and established administrative

procedures for carrying out the laws covering the pollution control
requirements for wastewater and salid 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
(¢) eliminating the hazards of toxic compounds.

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

Best Practical Control Technology Currently Available (BPT}
Bast Available Technology Cconomically Achievable {BAT)
New Source Parformance Standards (NSPS)

These standards were applicable to plating firms discharging
directly to a waterway and are considered minimum standards and
even more stringent reguirements 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 mare stringent level (BAT) had to be installed by July
1982 (later amended to 1984), while HSPS were to be established for
new planis,

BPT limitations are givam in Tables 4.2 to 4.4 but they have been
suspended jndefinitely, BAT regulations are in preparation but
have not yet been promulgaied, '
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The EPA has also drawn up pretreatment standards for electroplaters
discharging into Publicly Owned Treatment Works (POTWI. They were

fntanded to :-

(a) prevent the introduction inte a POTW of poliutants that will
interfere with its operation,

{b} prevent the introduction into a POTW of pollutants that will
pass through or otharwiss be incompatible with the treatment
warks,

(c} improve opportunitias to racycle and reclaim municipa) and
industrial wastewaters and sludges,

. Table 4.5 gives the Timits for existing eiectroplating facilities,
more lenfent standards were adopted for facilities discharging less
than 10 000 gal/day (37,8 m3/dayl. 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
besn passed to encourage wastewater reusa and recycling as well as
other {nnovations., 1t provides an opportunity for temporary
relief from some oguidelines 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.5. EPA Classitication of Electroplating Industry

Subpart Description

A Electroplating of common metals (A1, Cd, Cu, Cr, Fe, Wi,
sn, Pb, Zn, and any combination)

B Electroplating of precious metals *u, In, Pt, Rh, and
Ag)

C Electroplating of specialty metals

H Anodizing {anodizing, acid cleaning, and alkaline
cleaning)

E Coatings (colouring, chromating, phosphating, stripping,
immersion plating, acid ¢ieaning, and alkaline
cleaning}

F Chemical etching and miiling {chemical mil1ing, etching,
bright dipping, ac¢id ¢leaning, and alkaline cleaning)

G Electroless plating

H Printed circuit board manufacturing

Note: Subparts A, B8, and C may involve stripping,

¢olouring, phosphating, acid cleaming, and alkaline
¢leaning.




TARLE 4.7

(Suspended Indefinitely™ 1 Subperts A ond Df°

Us5. EPA Bast Pracficeble Control Technology Currently Aval lsble Efluent Limitations®

pH

Effiuent charactaristic

Follytent [lbA oﬁi‘lzfoparnﬂml:

Coppar
Hickel
Chromjym;
Total
Cr+ﬁ
Zinc
Cyanlde:
Total
Amanab =
Fluoride
Coxinl um
Laad
Iron

Tin

Phosphorus

Total suspended sclids

Subpprt A 5
Dally 30~d Dally
Max Ava Mo
32,7 16,4 12,4
32,7 16,4 18,4
32,7 16,4 18,4
3,3 1,6 1,8
32,7 16,4 10,4
32,7 16,4 18,4
3,3 1,6 1.8
1308 454 738
19,2 g,6 3.3
32,7 16,4 | %
65,4 32,7 3,8
65,4 32,7 36,8
65,4 32,7 36,8
1308 854 738
5,0-9,5 |6,0-9,5 |6,0-9,5

5,2
9,2

9,2
%2

9,2
9,2
349
A4
[ |
18,4
18,4
18,4
369
6,0-9,5

F Limis
e ubpart F Subpert f
Dakly 30~-4 Del ly 30-4
Max Ave Max Ave
16,4 B,2 24,6 12,3
16,4 B,2 24,6 12,3
15,4 g,2 24,6 12,3
1,6 0,82 2,4 1,2
16,4 B,2 4,6 12,3
16,4 B,2 M6 12,3
1,6 0,82 3,8 1,9
646 373 904 492
4.4 4.9 14,8 1,4
% % % (%
32,8 16,4 49,2 24,6
32,8 16,4 9,2 24,6
32,8 15,4 49,2 24,6
546 3 ga4 492
6,0-9,5 16,0-9,% | 6,0-9,5 | 6,0-9,5

tel
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TABLE 4,3 U.5. EPA Best Practicable Control Technology Currently

Available
Effluent Limitationsd {Suspended Indefinitelyb}:
Subpart BC
Effluent limits
Daily 30«4
Effluent characteristic Ave
poliutant {1b/106ft2/operation):
Siiver 3,3 1,6
Gald - 3,3 1,6
Cyanide:
Total 3.3 1,6
Amenable 2,7 16,4
Chromium;
Total 3z .7 15,4
Cr+d 3,3 1,6
Indium . 3,3 1.6
Osmium 3,3 1,6
Palladium 3,3 1,6
PTatinum ’ 3,3 1.6
Rhod{um 3,3 1,6
Ruthenium 3.3 1,6
Phosphorus 65,4 az,7
: Total suspended solids 1308 654
pH 6,0-9,5 | 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 employes,

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

C Described in Table 4,1.
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TASLE 4.4 U.5. EPA Best Practicable Control Technology Currently
Available
Effluent Limitations? {Suspended Indefinitelyd):
Subparts A, B, and D-FC
Effluent 1imits
Subparts Subparts Subpart
’ A and 8 D and F E
Effiuent Daily 30-d Daily 36-d Dafly 30-a
characteristic max ave M X ave max ave
Cyanide (ib/i06ft2/
operation);
Amenable 3,3 1,6 1.8 ¢,52 1,6 0,482
Total 32,7 16,4 18,4 8,2 i6,4 8,2
F’IW (-iiliiiii--ilil-iti-i¢'irEcualizE---|ip|.t--i-¢ti.'|ii]
pH 6,6-9,9 |4,0-9,0 6,0-¢,016,0-8,0 { 6,0-9,0 [6,0-8,0

a4 plants employing less than 11 persons, discharging less than 2,061 gal/h
fram metal fiaishing processes, or having a production rate less tham
52,7 ft2/h per employse,

B Altncugh these regulations were suspended and are not in effect, they

aay be used by permit writers as guidance,

€ pescribed in Table 4.1
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TABLE 4.5 U.5. EPA Pretreatment Standards for Existing
sources : Subparts A, 8, and 0-H2

Pretreatment
standard {mg/1)
Daily 4-d
Pollutant max ave
Plants discharging less than
10 000 gal/d:
Cyanide, amenable 5.0 2,7
Lead 0,6 0,4
Cadmium 1,2 0,7
Plants discharging more than
10 000 gal/d
(Alternative 1D):

Cyanide, total 1.9 1,0
Copper 4.5 2,7
Hickel 4,1 2,6
Lhromium 7,0 4,0
Zinc 4,2 2.6
Lead 0,6 a,4
Cadmiuym 1,2 0,7
Silvert 1,2 0,7
ATl metals 10,5 6,8

2 pescribed in Table 4.1

D Hass-based standards

C Applies only to Subpart B.
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TABLE 4.8 4.5, EPA Pretreatment Standards for Existing Sources:a
Alternative 1b ~ Subparts A, 8, and D-HC
Pretreatment standard (1b/1067¢2/operation)
Subparts Subpart & Subpart H
Daily{ 4-d Daily | d~d Daily| 4-~d
Pollutant maX ave wax ave max ave
Silver (d} {d) 3,6 5,9 (d) (d)
Cyanide, total 15,2 8 15,2 8 13,7 18,2
{opper 36 21,5 36 21,5 82,1 49 .4
Nickel 2B 20,5 328 20,5 74 .5 46,9
Chromium 85,9 32 55,9 32 127.,6 73,1
Zine 33,6 20,% 31,6 20,9 76,6 47,5
Lead 4,7 3,3 4,7 3,3 | 10,8 7.4
Cadmium 9.8 5,9 9,6 5.9 21,9 13,3
Total metals 84 54,7 84 54,7 | 191,5 {124,7

4 Plants discharging more than 10 000 gal/d

D Mass-based standards, Equivalent to and may apply in place of
standards shown in Table 4.5 on agreement batween source and

receiving POTH,
€ Described in Table 4.1

d Hot applicable
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TABLE 4.7 Pratreatment Stndards for Existing Sources:
A Alternative 2P - Subparts A, B, and D-H®
Pretreatment standard
Effluent Daily A~d
characteristic ma x ave
pollutant (mg/1}:
Cyanide, total 1,9 1,0
lL.ead 0,6 0.4
Cadmium 1,2 0,7
Total suspended solids 26,0 11,4
pH 7.,5-10,0 7.5~10.,0

3 plants discharging more than 10 GO0 gal/d

b simpiified standards.

An optional control program that may he
selected by the source with concurrence of the control authority.

Requires the absence of strong chelating agents, reduction of
hexavalent chromium, and neutralization with Ca® or CalOH},,

€ pescribed in Table 4.1
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¢anadian Environmental Protection Agency

The Canadian EPA has issued guidelines (6, 17, 59, 60) o 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, 1they are based on Best Practical
Tachnalagy,

{a) In any day the total concentration of specific parameters may
not excead the values given 1n Table 4.8.

(b} The pH may not be ocutside the range 6,0 to 9,5 at any time,

{c) Concentrated residules containing emulision <¢leaners,
chlorinated hydrocarbons and effluent treatment sludges
should not be deposited with the effluent.

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

The amalysis of samples and the keeping of proper records is the
responsibility of the firm,

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

Pollution Limit
Total suspended matter 30
Cadmium 1,5
Chromium {total}) 1,0
Copper 1,0
Lead ' 1,5
Zinc 2,0
Nickel 2.0
Cyanide {oxidizable] ¢,1
Cyanide (total) 3,0

United Xingdom Department of the Environment

The British Department of the Environment has published a Technmical
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 authorittes, 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 recejving
water ; consequently the consent conditions vary widely, A survey
of consent conditions for 31 companies discharging to public sewers
is given in Table 4.0,
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for 31 Metal Finishing

Parameter Range Comments
pH 5=12 6-10 wost comsmon’
Tota) Metals 3-30 mg/) 1 at 200 mg/t ;

30 mg/1 most common
Total Soluble Metals 5-25 mg/1 1 at 100 mg/1

Total Suspended Solids

200 - 3 000 mg/1

10 mg/1 most common
400 mg/1 wost common ;
1 at 3 000 wg/? ;

1 at 200 mg/1

Europe

A draft European Council Directive controlling the jevels of toxic
metals in sewage sludges applied to land has been recently

introduced (62).

Table 4.10 compares the Eurcpean Economic

Council ({EEC} vrecommended and mandatory wvalues 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/halyr based on a 10 year average)

EEC - DE
Element Recomended | Mandatory Guideline
Cd 0,10 0,15 0,17
Cu 10 12 9,33
Ni 2 3 2,33
Pb 10 15 33,33
Zn 25 n - 18,66
As 0,35 - 0,33
cr 10 - 33,33
Hg 0,40 - 0,07

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
watar,

Tables 4.11 and 4.12 summarises the levels in drinking water and
rivar/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 1ists 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 toxocolagical properties of compounds associated with the metal
finishing industry are gfven in Table 4,14.
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selected Quality Criteria for Drinking Water {63)

Determinant Unft Min Med Max
Aesthetic/Physical

Conductivity oS /m 30 1o0 200
Hydrogen Sulphide | mg/l 0 0,05 0,3
Iron mg/1 0,050 3,300 1,000
0i1s and Grease mg /1 0 3,200 0,500
pH pH. units 5,0 6,5-9,0 9,5
High Toxicity

Antimony ug/l 0,2 50 50
Cadmium Hg/l 1 10 50
Gold Hafl 20

Lead 11-7a) 30 50 100
Hoderate Toxicity

Chroajum ug/l 30 50 500
Cyanide pg/i 10 200 200
Fluoride pa/ 700 1 500 2 400
Hickel g/ 30 50 1 000
Stlver pa/l 10 50 50
Tin pa/l S0

Low Toxicity

Aluminium mg/ 0,05 0,15 0,50
Cobalt mg/ 0,05 i 5
Copper mg/ 1 0,01 1 10
Nan-Taxic

Chloride g/ 100 250 1 00D
Sodium mg/ 1 100 2N 1 000
Sulphate mg/1 100 250 500
Zinc ma/ 1 0,2 5,0 15,0




TABLE 4,12

selected Quality Criteria far River/Dam Water
(Protection of Aquatic Life) (63)
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Determinant Unit Min Med Max
High Toxicity

Cadmium pg/1 0,1 3 30
Copper pe/l 5 5 200
Cyanide pa/l 5 5 5 000
Hydrogen suiphide | p4/l 2 2 300
Lead A 20 30 100
S{lver ya/1 10

Moderate Toxicity

Aluminium 19/} 100 - 1 500
Chromium pall 10 )] 100
Fluoride pgf'l 1 500 1 500 1 500
Iron pg/l 200 200 1 000
Nickel pg/l 25 50 50
Zinc ud/1 - 3D 100 100
Low Toxicity

Cobalt mg/ 1 1

Tin mg/1 1

Non-Taxic

Chloride mg/ 1 50 400
Sodium mg/ i 500

Sulphate mg /1 1 400




TABLE 8.13

Limit Concentrations Ffor Metals

Water (mg/1) (SABS 241)

Metal Desirable Permissibie
Cd 0,05 0,05

cr 0.05 3.05

Cu 1.0 1.5

Fe 0.3 0.7

M 0.1 0.4

Nt N.S. N.5.

Pb 0.05 0.10

in 5 15

N.5., not specified,
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in Drinking
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TABLE 4,14 Toxological Properties of Compounds Associated with Metal
Finishing (63}

Alumintum

Cadmium

Chromi urt

Copper

Cyanide

Fluoride

Gold

Rydrogen Sulphide

Iron

classically regarded. as non-toxic beause it is
insojuble at neutral pH values. 1t is potentially
toxjc because it can go into solution under acidic or
basic conditions. Soluble aluminjum has been
implicated as a neurotoxin,

highly toxic and cumwlative poison to higher

11 fe=forms,

an essential element in human nutrition but toxic in
high concentrations, '

an essential) element and only causes toxfc symptoms
in high concantrations, Algal species can become

. talerant to copper,

more toxic to fish than humans, It 15 rapidly
degraded in the aenvironment by bacterial action, it
is more toxic at low pH values than at high pd
vaiues, The free cyanide is more toxic than cyanide
complexed to metaliic elements (e.g, iron),

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

in a2 soluble form 1t is highly toxic,

although toxic it imparts an unpieasant taste/smell
to water well below the toxic level.

an esseniial element, tha 1limits are based on
aagsthetic not toxic considerations.
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TABLE 4.14 (continued)

Lead

Nickel

Silver

Sulphats

Zinc

a highly toxic and cumulative peison which effects
nerve tissues. Lead is more foxi¢ at low calcium
concentrations than at high calcium concentrations,

thought to bDe essential for animal and plant Tlife,
It can be toxic to ceriain plants in concentrations

exceediag ¢,2 mg/fl.

it is only woderately toxic to man, 1ts chief
toxicity is tawards aquatic 1ife.

non-toxic to animals and human except at very high
concentration Jevals where 1t exerts & purgative
effect.

it is non~toxic to humans, water containming high zinc
concentrations should bDe screened for the highly
toxic element cadwivm which s commonly Tound in
association with zin¢,
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CHAPTER 5. SURVEY OF METAL FINISHING FIRMS IN SQUTH AFRICA

5.1

survey of Municipalities Receiving Metal Finishing Effluent

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

(§) Matals {(metal plating, fabrication, machining and
finishing)

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

industries)

{iff} Pharmaceytical products {pharmaceuticals and patent
medicines)

was sent to 118 Municipalities inm May 1982 (Table 5.1}. The
primary objective of the survey was to collate existing knowledge
on water and effiuent problems of the above industries and to

formulate on a co-ordinated basis, the scope for improved affluent
treatment, water management and disposal of effluents,

The information requested included the following:-

(a) Sewage Works
{1) description of the sewage wrk_s
(i1} the receiving body of the final effiuent
(4ii} the method of sludge disposal

{iv) the domestic and findustrial flow to the sewage
works

{v) the water and efflusnt tariffs
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TOWNS

FERM  PROBLEMS MAJOR  PHARM  PRCBLEMS MAJCR
FIRMS LOAD  FIRMS LOADS

METAL
FIRMS

FROBLEMS MAJOR
LOAD

ALBERTOM
AMANZIMTCT
BAARERTON
BEAUFORT WEST
BEDF ORDV | EW
BELLVILLE
BENONF
PEHON | (RF |ELE)
BETH.EHEM
ALOEMFONTEIN
BOKSBURG
B0THAY ILLE
BRACKENFELL
BRAKFAN
BRITS
BROMKHCRSTSPRUIT
BULFONTEIN
CAPE TOwH
ATHLONE
CAPE FLATS
CAALETOHY §LLE
CERES
DESPATGH
DIY COIH CAPE
ATLANTIS
BORGHERDS
PURBAM
CENTRAL
SOUTHERM
H{RTHERM
EAST LONWDON
EMPANGEN L
ERMELD
ESHOWE
ESTCOURT
EY¥ANDER
GEORGE
GERMISTON
WATEFY AL
DEKEMA
ROMOEBUL T
GO0DWO00
GREYTOWN
HARTSWATER
HEiDELBERG
HE ILBROW
HEMMEMAN
HERMANL S
HIWICK
1 S1F INGO

2 TES |
1 YES

4 byp asaed

Fi YES 5
1 YES YES 1

SEMAGE PROCESSED BY AMANZEMTOTI

o =g O

n
3

YES

YES

YES YES

YES

SEA DISCHARGE

YES
YES YES
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TABLE 5.1 (o] rmpad)

TIWNS FERM  PROBLEMS MAIOR  PHARM  PRODLEMS WAUOR  METAL  PROBLEMS MAICOR
F IRMS LOAD  FIRMS LOAOS  FIRMS LOAD

JAN HEMPTDORP

J OHANNESBURS
GOUOKOPP 1ES 3 YES YES |
AL EXAKDRA 1
OL IFANTSYLEN 1

KEMPTON PARK 1 YES YES [}

K tMBEREL Y
HOMEY ALE i
K IMBERLEY 1
BEACONSF | ELD

KING WILL IAMSTOWN -

KLERKSDORP 1 YES

TES

g ey

YES

KNYSHA
KROONSTAD 2
KUILSRIVIER
LYDENEANG
HESSINA
MEYERTON
M1 DOELBURG
M ILNER Tor
MONTAGU
MUSSELBAAL
NELSPRUIT 1 YES
HEWCASTLE
HEW GERMANY 10 YES YES
NIGEL
H BICKLEY { : 3 YES YES
GF GRUNDL ING
MARIEVALE
QUDTSHOORN 2
PAARL 6 YES
P AROW
PARYS
PHAL ABORMA
P IETERMAR | TZBURGH 1 3 13 YES
P | ETERSBURG
P INETOWN \ !
PORT £L1ZABETH 2 ' 19 YES YES
PORT SHEPSTOHE
POSTMASEURS
POTCHEF STROOM 1
PRETOR A
DASPGORT 2 1S 3 . YES
DAV | AANSPOURT YES YES
ROGIWAL 1 2 YES
QUEENSBURS
RANDBURG
R ICHARDS
RIYERSDALE
ROBERTSON
ROCOEPORT
RUSTENBURG 1
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TOWHS

F |RMS

FROBLEMS MAJOR
LOAD

PHARM
F IAM3

PROBLEMS MAIOR
LOADS

METAL PROBLEHE MAJOR

FIRMS

LOAD

SANDTON
SCOTTEURGH
SOMERSET EAST
SOMERSET WEST
SPRINGS
ANCOR
MCOMB
STANDERTCH
STELLEWBOSCH
STRAND
TZANEEN
U | TENHAGE
UMK OMAAS
UP INGTOH
VEREENIG NG
VIRGINIA
YREDENRUIRG
YRYMEID
WELK.OM
THEROM 1 A
WITRAN
WELL INGTOH
WESTONAR A
WITRANK
WITRI¥IER
WL MARANS
WORCESTER
ZEERIST

TES TES

YES

YES TES

18 MINCR
1 MiKOR

YES

TOTAL

EL]

k|

nr
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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
aoperation of the sewage works

{viii) am analysis of raw sewage and the final effluent
{b) Specific Metal Finishing Firms

(i) name of Firm

(i1} rature of business

{1i1}) 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 proplems encountered due to the nature of
the effluent.

Location of Metal Finishing, Fermentation and Pharmaceutical Firms

The location of Metal Finishing, Fermeatation and Pharmaceutical
firms §5 given in Table 5.1, The total number of metal finishing
firms is 317 and they are mainly concentrated on the Reef {45%)
{Boksburg, Germiston, Johannesburg and $prings}, Cape Town {16%),
the Durban area (Durban, Pinetown and New Germany) {10%) and in
Part Elizabeth (6%). A1l the metal finishing effluent {n East
Londen 1s 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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TAALE 5 Costs of Warer and Efflusnt Treatment |n South Africa lMay 1582}

TOWNS WATER  FFFTNT COMMENTS
COST COoST
i | ok 1

ALBERTON 23.68 15 HINIMIM TARIFF

AMANZ IMTOT| 29 15430 (871047 ,5 )+{0A/S0%1 .5 1}

BARBERTON 30

BENON | 2%.9  5+i0.025'%Y }+(0,04%55)

BLOEMFONTE (N 2 NO SPECIAL TRADE EFFLUENT TARIFF

BOKSBURG 23.4 Fe25

BRAKPAN 3746 13

CAPE TOWN 35,5  TREATMENT 13.65 COMVEYANCE B.19

CARLETONY ILLE 20 7.3

OI¥ COUN CAPE 32 441COD/1000 1425

DUREAN 20.4

GERMISTON 24.474

HE | DELBERG 3 10.0+PY=601/6

HENHEMAN 9.17

J GHANNE SBURG 32.52  13.74(,071%Y¥ /80

KEMPTON PARK 60,08 Py -50)

K 1MBERELY 22.57

KLERKSOORP 27.8

KROONS TAD 3

KUILSRIV LER n

L YDENBURG 30

MEDDELBURG 3 12

MILKERTON 30

NELSPRUIIT 24

HEMCASTLE .34 16

NENW GERMANT

HIGEL 30 T*ICOD/600)

OUDTSHOORN 25 14,17

PASRL, 31,8 5.8747.26%C00/1000)

PARYS 21

P | ETERMAR | TZBIIRG 5.243.35*PY¥=70)

P INETOWN 4.4+(5571 0 1+00A/2%)

PORT EL1ZABETH 27.5 n

POTCHEF STROOM 20 10.5

PRETOR A 24 T+.047 PY=B0} + 1.7(M=20)/PH M = METALS IN MBAL

IF GREATER THAN 20

RANDURS 37

RUSTEMBURG 3245 & MIN

SCOTTBURG 21

SPRINGS 274 9.340.116RY=B0)

STELLENGOSCH 33 1 75PY

U I TENHAGE 19 10.06

YEREENIGING .2 3.3+{0A~50 1/

¥REDENBURG &5

WELKOM 34,9 7427

WESTONAR I A 0

¥ 1 TBANK 16 5

WORCESTER 20

LEERIIST

1
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Cost of Water and Effluent Treatment

The cost of raw water and the efiiuent treatment tariff 1n
different Municipalities is given in Table 5.2. The cost of water
varfed from 9,17 c/k1 (Henmeman) to 65 </x) (\'redenhur‘giﬁawanha}
with a median cost of about 30 c/kl.

The effluent sariff generally consisted of a fixed cost which
varied from § c/k1 {Witbank} to 14,17 c/kl (Qudtshoorn) or else was
dependant on conveyance (3,3 to 15 c/kl1) and a permanganate value

{PY) term,

Three municipalities used chemical oxygen demand (CO0) in place of
PY¥ while 3 included a suspended solids factor.

Most wunicipalities had timits on the heavy metal concentration,
Pretoria’s tarrif included a <charge for heavy metals if they
exceeded 20 mg/1.

Industrial Effluent Contribution of Sewage Works

The average fpdustrial 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 M1/day, Port Elizabeth - 25
Mi/day and Cape Town (Athlone) - 20 M1/day, A total of 10 sewage
works receive more than 40% of their inflow as industrial
effluent,

The capacity of the Zeerust sewage works is obviously incorrect,
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TARLE 5.3 Oomegtic and industel al flow TO S8 age Works
TOWHS TOTAL DOMESTIC COMMENTS
Mi gy Ml day
ALBERTOH 24 27 TD GERMISTON DEXEMA
M BERTOH B TO GERMISTON WATERVAL
AMANZ | MTOT! 12 o
BARBERTON ) Z
BEHONHI
RYNF LELD 1 7
BEHCNI 16 I
BLOEMFONTEIH 49 L
BOKSDURG 40 24
BRAPAN 2 7
CAPE TOWM
ATHLOWE a8 &0
CAPE FLATS 68 ¥
CARLETONY ILLE 5 4
DESPATCH 3 3
O1¥ COINCIL CAPE
ATLANTIS 5 2
BORCHERDS 13 10
CHIRS AN
SOUTHERN 106 64
CEMTRAL &4 &1
HORTHERN % Pl
KHAMASHI=0L0O 14 14
KWAMASH=HE W 15 15
GERMISTUM
WATERY AL 0 17
DEKEMA 41 24
ROMDEBULT 40 34
GO0 WO TO MILMERTON AKD CAPE TOWM (ATHLONE)
HE IDELHERG B4 ao
15 1P INGD TO AMAHZEMTOT]
4 QHAMHE SEIRG
GOIDKOPP IE5 145 152
ALEXAHDRA 157 153
DL IFANTSYLEI 223 214
KEMFTON PARK b ).
K IMBERELY
HOMEY MLE B ?
K 1HREREL Y 3 7
BEACONSF |ELD 4 ?
KLERKSDORP 18 12




E S. (comr nyed?

TOWHS TOTAL DOMESTIC COMMENTS
M1/ day M1/ day

KROOHSTAD a ?
KUILSRIV 1ER & -]
L TOEHBURG 2 2
M | DDEL BURG a B
HILMERTON 12 12
NELSFRUIT ) 3
HEW CASTLE g 4
NEW GERMANY 3 2
HIGEL

H BICKLEY 4 2

CF GRUNCL ING 2 2

MARJEVALE 1 |
OUDTSHOORH 4 ?
P AMAL 18 14
PARYS 2 1
P IETERMAR | TZBWRG 44 54
FORT EL VZABETH &0 ¥»
PRETOA VA

PASPOORT ] &a

BAY { AANSPOORT 11 10

ROGIWAL "7 P
QUEENSEURG 1 1
RANDEMRG 14 14
RUSTEMNBURS a
SCOTTRURG 1 1
SPRINGS

ANGOR 27 22

HOCOMER g [
STELL ENEOSCH 25 H
1 1TEHHAGE 12 [
YEREEMIGING 18 17
VYREDEMSURE ! 1
VAYHEID ' H
WELKOM

THEROM A 22 7

WiTPAK 23 7
WESTONAR | A B a
Wi TRANK 15 12
WITRLY IER } 1
WORCESTER 1l &
ZEERUST 127 120
TOTAL 2 Dag -
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TARLE 5.4 Sewage Works Description
TOWNE PRIMARY BLD ACTIYATED MATH  PRIMARY SECONDARY DRY OTHER
SED FILTER  SLUDGE PONDS DIGN BEDS
AMANZIMTOTS, L] ¥ ¥ CENTRIFUGE
BARBERTON ¥ ¥ Y
BEMOH I L Y ¥ ¥ FILTRATICH
RYMF | ELD Y ¥ Y Y Y L OaF
BLOEMF ONTE IM Y ¥ ¥ Y ¥
BOKSEURE ¥ ¥ Y ¥ ) FILTRATION AND
IHCIHERATION
BRAPAN Y Y ¥ Y FILTRAT|ON
BULTFOHTEIN Y
{LAPE TOWN
ATHLOHE ¥ Y Y Y Y
CAPE FLATY ¥ Y ¥ Y ¥
CARLETONY ILLE Y Y Y Y Y
DESPATCH Y
QI¥ COUNGIL CAPE
ATLANTIS Y ¥ ¥
BORCHERDS ¥ Y ¥ CENTRIFUGE
DURBAN
SAJTHERN ¥ ¥ Y CENTRIFUGE
GENTRAL ¥ CENTRIFUGE AMD
IHCINERATIOH
HORTHERM ¥ ¥ Y T FILTRATION
KWAMASHI-OLD ¥ Y Li L Y
KWAMASHU=NEW L ¥ T CEMTRIFUGE AND
L NG IHERAT 10
EYANDER Y Y Y Y Y FILTRATION
GERMISTON
WATERYAL Y | Y | IHCIHERATION
DEKEMA ¥ Y | MG IMERAT LON
RONDEBILT Y ) ¥ Y CEHTRIFUGE AND
LN [ HERATION
HARTSWATER L
HE1DELBERG L)
HEHHEMAN Y Y
HERMANDIS |
HOWICK | ¥
J CHANME SBURG
GOUDKOPP | ES i ¥ CAF AND
BELT FILTER
KILPEPRUIT T T ¥
ALEXANDRA T
NORTHERN ¥ by L ¥ T Y DAF  AKD
BELT FILTER
OL IFANTSYLE ¥ ¥ ¥ L Y ) DAF  AND
BELT FILTER
KEMPTOM PARK ¥ ¥ Y Y ¥ by
K IMBERELY
HOMEY ALE Y Y Y
KIMBERELY Y Y Y Y ¥
BEACOHSF IELD ¥ i) ¥ )
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TOWNS FRIMARY 810 ACTIVATED MATH  PRIMARY SECOMOMRY [RY  OTHER
SED FILTER SLUDGE  POMDS DIGN  DIGH BEDS
KLERKSDOR ¥ Y Y ¥ \ FILTRATION
KROONSTAD Y Y T Y Y FILTRATION
XUILSRIY |ER Y Y Y Y
L YDENBURG Y Y Y F I TRATION
M PDEL BURG Y v Y
MILNERTON Y ¥ ¥ Y ZIMPRG SLYDGE
COND | T CHING
NEL SPRY IT ¥ Y ¥ Y
NEWCASTLE ¥ Y Y Y Y
NEW GERMANY Y Y Y FILTRATION
MIGEL
H BICKLEY Y Y ¥ Y
CF GRUNOL ING ¥ Y
MARIEVALE Y Y Y ¥
CUDTSHOORN Y Y Y Y ¥ Y
PAARL Y Y Y ¥ ¥ ¥
PARYS Y Y Y Y Y FILTRATION
P |ETERMAR | TZBURGH ¥ \ Y ¥ Y
PORT EL§ZABETH ¥ ¥ CENTRIFUGE AHD
ZIMPRO
P OTCHEF STRODH Y ¥ ¥ ¥ ¥ Y Y
PRETOR LA
DASPOORT Y Y ¥ Y ¥ Y CENTRIFUGE
BAY JAANSPOORT Y Y Y
ROOTHAL Y ' v ¥ Y
QUEENSBURG Y Y
RUSTENBURG Y Y Y ¥ Y Y
SCOTTRURS Y Y Y Y ¥
SPRINGS
ANCOR Y Y Y Y Y CENTRIFUGE
MOCOME ¥ Y ¥ Y ¥
STELLENBOSCH ¥ Y Y Y Y ¥
U I TENHAGE Y Y Y ¥ Y T
YEREENIG ING Y ¥ Y
¥ IRGINLA Y ¥ Y ¥ Y Y
¥ REDENBURG Y
YRYHEID Y
WELKOM
THERON 1 A ¥ Y ¥ Y Y CENTR IFUGE
WITPAN ¥ ¥ Y A Y
WESTONARTA Y Y ¥ Y ¥ FILTRAT IO
W | TRANK Y Y Y Y
WITRI¥ IER Y
WORCESTER - Y Y ¥ Y Y Y

ZEERUST
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Sewage Morks Description

The description of the unit operation of the sewage works is given
in Table 5.4,

Of the 13 munjcipalities {18 sewage works} which stated that metal
finishing factories wers a major load of heavy metals,

10 sewage works had biofilters,

10 sewage works had activated sludge plants,

5 sewage works had both biefilters and activated sludge plants,
7 sewage works had maturation ponds,

14 sewage works had primary/secondary digestion.

0f the 8§ municipalities {10 sewage works]) which stated that heavy
metals fram metal finishing factories were a problem,

sewage works had biofilters,

sewage works had activated sludge,

sawage works had both biofilters and activated sludge,
sewage works had maturation ponds,

sewage works had primary/secondary digestvion,

L T Y T -

Chemical Analysis of Sewage Works Influent and Effluent

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

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

A Tull 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 Johannaesburg and Boksburg was above 1 mg/l.

= cadmium Tevels at Rustenburg, Springs, Johannasburg, Helspruit,
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Capa Town and Boksburg were above 0,01 mg/7,

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

- Chrome 111 or tota) chrome was high in Pietermaritzburg {2 mg/i),
Goksburg (1 mg/1) and Cape Town (Cape Flats) (1,67 mg/1).

- Cobalt was lower than 0,1 ma/1 ¥n Springs, Boksburg, Cape Town
{Athione},

Ourban (Southern) and Boksburg had the nighest hexavalent cirome in
the effluent {0,197 mg/1 and 0,2 ma/) respectively),

~ Copper exceeged 0,1 mg/1 at Amanzimtotj, Boksburg, Cape Town,
Cape Divisional Council (Atlantis and Borcherds), Johannesburg
(Goudkoppies, K¥fpspruit and MNorthern), Port Elizabeth and

Uitenhage,

- Iron exceeded 1 mg/1 at Boksburg, Cape Town, Cape Divisional
Council, Johannesburg, Higel and Uitenhage.

- Lead exceeded 0,1 mg/1 at Amanzimtoti, Boksburg, Cape Town,
purban {Southern), Johannesburg (Goudkoppies and X1ipspruit),
Port Elizabeth and Uitenhage,

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

- Nickel exceeded 0,1 mg/T at Boksburg, Atlantis, Borcherds,
Johannesburg (Goudkoppies and KVipspruit), Pietermaritzburg, Port
Eitzabeth, Pretoria (Baviaanspoort, Roaiwal) and Springs,

- Sodium exceeded 150 mg/1 at Cape Town (Athlone} Atlantis,
Borcherds, Kempton Park and #igel. Sodium was below 50 mg/1 at
Helspruit,

- Zinc exceeded 1 mg/1 at Amanzimtoti, Boksburg, Cape Town
(Athlone}, Atlantis, Borcherds, Johannesburg {Klipspruit,
Alaxandria and Narthern],
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TABLE 9.5 Cheami cal Analysks of Sewage Works Infivenr and Effluert
fAll values wxcept pH In mg/ i}
Town
pH Al Cd Cré Cr3 Co Gu Fa Fb Mn MWl Ha 3a 2In Cl CH NO3 504 PO TDS SETS SUS  OA BOD COD
AMANZ IMTOT ) In 6.6 0 2 -] o 2.7 17 ] o T 426 8% 785 11186
Cut T3 0 | . a 1.6 126 w2 18 &48 174 22 202
BEHOH | In 7.5 110 13.4 B.5 70 [ ]
Out 120
BLOEMFOMTE IN In o 10 30 630
Ourt 304 a i 3 50
BOKSAURG Iin 7,6 | | 1 1 | 1 2 | 1 120 2z 150 0 0 9350 a 65 80O
Out T.6 W2 L2 W2 W2 W3 W2 2 3 155 2 I ™ o 3 50
BRAKPAN in T.6 12 8.9 1% 45 688
fut T.6 wd 14 740 a 12 7 65
CAPE TOWH
ATHLOHE In 7.4 LHE W24 13 W21 R 2 1 OB 172 i 235 Nt 9.4 890 B X! M X7 88D
Qut T.% L1109 L0909 1 03 .01 AT 164 «3 195 A2 W 63 TS0 0 3 26 42 1M
CAPE FLATS Ia 1.1 L0 1.67 014 353 4 b7 W14 ,02% 112 77 w27 24.4 397 20.7 62% BS 1128
Jur V.2 008 L1 007 018 4 03 D4 018 123 L3 161 2.5 4.8 %0 1214 LX)
CARLETONY ILLE In 7.0 10
Qut 6.7 10.2 24 10,9 42
Di¥ COUNC CAPE
ATLANTIS in 7.6 «l o [ 15 « 199 3 243 129 43 532 1B 494 45971 1128
Dut 9.2 4 210 290 1.2 124 5 810 12 3 5
BORCHERDS In 7.2 = 2 « 18 3 165 4 194 0 112 4G 8% 11 360 477 W3
Dot 7.9 I 174 F.b ] 4.4 120 15 BT .3 16 . B
DURBAN
SQUTHERN In 7.2 0071 JIB4 053 127 L0045 316 N 06 T.9 242 71l 284 799
Out E.9 L0197 DBt LT 078 a3 1.3 148 &6 v
CEHTRAL In 7.0 L0V 054 056 038 AT <344 162 957 5.9 2N 16 M8 8%
out .2 «08 07 W04 <07 w34 159 ™7 3 88 55 233 9?
HORTHERMN in 7.2 L01 .017 <073 «028 016 T8 57 16 784 9.2 33 47 197 30
Qut 7.5 a7 & 19 G 4 58
KMAVMASHI=CLD kN 7.1 304 44 0D &4
Owt 14 3 4 33
KWAVMASHUI-HEW In S5.4 257 42 292 609
. 14 5 4 3

551




TMLE 9.5 (cortl nued)
Town
pH Al 2d € CrF Co fu Fe Pb Mn NI HNa In g CI CH NO3 S04 PO4 TRS SETS SUS  G& 80D Q0D
GERMISTOM
WATERV AL In 19 1 9.6 9 1011
Qut 8.5 4.5 %63 o0 16 9 BS
DEKEMA. in 2 MB W 4 h 230
Out .5 13 13 o 19 ? T4
ROMNOESUL T in 16 1056 T.b 315 »6 1232
fwt 4.7 W) Y a 24 13 od
HE I DELBERG kr 7.2 1 1 148 a3 1 T 492 10 149 %S 500
(117 S () 1] 113 1] 2.6 1 9B 0 .0 & 44
JOHANHESBLURG
GOJDKOPP IES in 1.3 1T 019 .26 w2 2.1 ol 2 23 9% 14 a3 1 3 240 % M0 10
Outr 7.5 13 .008 0% 6 S04 D14 W52 8 5 ac 4.4 200 610 21 a8 11 %
KLIPSPRUGT in 6.8 3.7 021 .52 A 9.6 W2 1. AT 100 - 130 0 7.2 600 120 210 1300
Our 7.3 120 G 5 S0 ™| M 220
ALEXANDRA in T4 1.1 024 14 w24 1.7 D08 528 19 B9 «78 T 0 1.9 60 4% 120 830
Out 7.4 003 044 11 98 L0719 087 07% B0 1.2 67 L+ 4.8 380 q & o 47
HORTHERM in 7.d 1 003 048 1 98 09 087 LT3 B8O 1.2 67 e 4.8 250 43 200 380
Out B.1 24 o L00% =12 L35 003 LT 043 B4 fe2 &9 1,5 4,9 33 1 - e 4
OL IFANTSYLEL n 7.4 1.6 3.6 190 48 200 S70
Qur 7.8 11 .0 014 L1123 N4 020 19 83 a2 a5 6.1 170 2.9 %52} 22 ¥ g 1
KEMPTIN PARK In G292 B 005 002 3 | N LT | e 1 80 O M) 10 10 11 1100
Qut 8 L& 005 1] 1] o LB .14 190 OB AT B0 2.1 190 A&, 7 s0 A 14 a L]
K IMBERELY
HOMEVALE In 1.5 145 1 92 1180
Out B.4 245 =5 122 1] F.4 0
X |MBERELY Iln ¥4 ) L12] 412
Gur 8.4 1202 Q 5.4 10
BEACIMSF HELD In 7.6 T3 45 S04
Out 7.7 6.2 4 Ta2 45
KLERKSDORP in
Outr 7.7 | | G 04 950 980 23 5.9 S.5

951




JARLE 5.5 (contlnued)
Tomn
pi Al Co &6 CrFk Lo Cd Fa Pb Mn M Ha In A ¢l CH w03 S04 P4 TDS SETS SU5 0OA 80D CGD
KROCHSTAD in
QJutr T 4.8 .4 550 10 9.2 &0
KA¥ILSR IV IER In 11 39 b=
Qut ik 11 62
L YDEMBURG In 6,9 bt ) 2 M 40 192 4w
Qur B. 4B 0l 3 260 3 12 9 L] 40
MELSPRUIT in 7.3 .12 .03 Q JGF 004 028 A7 027 97 015 19.7 HT6 W02 3.5 T M (7T 325 240 35 %5 a8
Our &.9 .11 .04 Q 008 004 O3 .29 016 066 012 2003 088 .03 3.8 &6 B& M 280 95 2.2 15 10
WEWCASTLE In 7.4 1] »35 0 W23 ] | 54 4 ™ 426 9 TO 46 120
Oyt B o 3 o a2 35 54 mn 47 M9 o5 9 b 19
HEW GERMAHY In T a r ™m 3% a1 1M
Out 7.0 16 B 15 B g 44
HIGEL
H BICKLEY In 7,1 i) 4] 1 192 it o f.4 1258 I* 98 &8 54
OQut 7.9 o 1] Li] 186 vl 16 .4 1116 0 9.4 12 a2
CF GRUNCL, NG In 7.5 [+ ] ol 141 M aQ 4.2 T 15 3% & [oao
out 7.2 1] a a (f1] M 12 14 510 G a 9 26
MAR IEVALE in 7.0 4] 1] o ol vl a 2.8 4 7 20% 13 &1g
Out 7.2 1] 1] 1] &l | Y 2.8 342 0 9 b i
PFARYS In «J6
out 7.1 [r) 1 T 1M 950 53 18 G.4 120
P |ETERAMAR | TZBURGH In 6.9 | . «0 M- T oz W02 12 Y74 4% 1B 38 220 60
Gur ¥l 2 2.5 413 al 3.9 3 62 12 5 39 38
PORT EL | ZABETH )
{NDUSTRIES In 8.7 ] o i -l el 245 ]2 EBOB 123 1448
Our 7.9 -2 N | ] " | | T 1.5 1= 25 296
DOMESTIC In 6.9 o oI »d al al Ted a 483 59 i
cur 7.5. ! M | | al | 2 &8 27 10 01

{51




JALE 5.5  {conthrued)

Town
pH AF Cd Crh Cry GCo Cu Fe PBE Mer NI HNa 58 In 8 ¢ N NOF SM P TDS SETS SUS  O&A BOO COf
FRETOR A .
BAY IAANSFOORT  In 7.7 W3 8 «15 . 76 2.4 35.9 2.0 84,2 369 815
Out 7.9 «07 d 23 «iB Fi-] 4%, T 16.7 461 g H 7.3 4.3 58
DASPOORT in 7.4 2 39 a ~ ! &3 2.2 3 B 57 9 N7
Qur 7.9 a D7 1] «\2 &3 .6 118 0.3 N5 0 25 8.4 W 15
ROC WAL In 2.2 L) «11 1.97 (J1l) 28 4.6 51 3 184
Qur 7.8 2% L8 a2 109 3] 28 6i8 D M3 8.6 8.8 M
RUSTENBURG In 7.9 W3 .02% W14 W03F W23 077 L109 019 108, oGl 12 110 V5.6 264 3B 62% 156 T4 100 1V37
Qut 7.1 2 023 .0 J24 049 066 A58 016 102 41T 12 9 126 169 3} 609 o ) ) ™
SCOTTBURGH In H.9 B.3 M 32 16 623
Our 6.8 133 5.8 486 11:] T 5z
SPRINGS
ANCOR In 7.6 14 a2 B57
Our .5 02 2 01 05 3 07 »3 100 3 M 14,9 183 % 10 0 16 %4 0
HCCOMB In «13 T -] | 530
Qut T.7 +03 02 0F 06 W5 02 «13 B3 17 as .8 14 7 BN 0 18 7.2 n
STELLEMBOSCH In 5.5 &1 50 i3 To 8o 1057
' Our T.4 FL) 1+ 1 13 o
U TENHAGE In 7.3 <A 0 0 T L2 1) d 10 0 3 e .M 230 3.4 BOO B 100 W 0 MO
Out 7.7 o2 c L 3 W02 1] 0 145 L I | 360 g {0 240 25,3 @50 [ 6 1% 17 200
YEREENIG ING In 7.9 141 vl 25 10 52 5 9715
Outr 8.0 13s 123 22 20 2% B94q a 15 11 2 61
WELKOM
THEROMIA In 126 @ 25 123
Outr 6.9 14% & £2 3.5 53
WITPAN In 120 B.45 17 410
Our 6.3 120 9 JA2 2B 7.
WESTOMNAR LA N I B Y- 43 0 a.6 1%2 169
Qut 44 9 b0.4 18 6.6
WITBANK In 7.6 az -3 o2 2.7 5% 4 202 44 459
Dutr 7.5 1] a5 11 1.8 457 o 24 1 116
ZEFRUST In

Qut B.D 124

BS1
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Boron exceeded 1 mgf1 at Rustenburg and Kempton Park.
Chlorides exceeded 300 mg/1 at Uitenhage.

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

Nitrates exceeded 50 mgf1 at Kelspruit and Stellenbosch,

Sulphates exceeded 150 mg/1 at Johannesburg (Goudkoppies,
giifantsvlej), XKapmton Park, Rustenburg, Springs, (Htenhage and
Vereeniging.

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

TDS exceeded 1 000 mg/1 at Germiston {Rondebult), Kimberaly, Nige
1 {H. Bickley) and Parys.

The quality of the Sewage Works effluent was compared to the
minfmum, median and maximum values of jnternational standards for

toxic pollutants in river/dam water and in drinking water

(63}

(Tables 5.6 and 6.7},

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

Amamzintoti Tead
Baksburg cadmium
Pietermariizburg chrome

Port Elizabeth chrome, lead, nickel




5.7

5.8

160

South African Electroplating Chemical Consumption

An unsubstantiated estimate of the consumption plating chemicals in
South Africa is given in Table 5.9, Not all 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.

Individual Metal Finishing Firms Effluent Charatteristics

The characteristics of 131 individual metal finishing €irm's
effluent are given in Table 5.8, *

The total water wusage of these firms was 8 BOO Ml/year and they
produced 6 880 M1 of effluent and & 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 ijnhouse 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,

Tn order to preserve confidentiality table 5,8 has haen
temoved from this edition of Lhe report,




TARLE 5.6 Conp o7t son Botwean Souage Work s Eff luent and RI vor Water S5tamerds (Tabla 4.12)

Towns pH Al cd l.':~l'5 Cl} Co Cu Fe Pb Mn Hl Ha
Amarg | mbot | ) B c
gancnl
8 | cemf vatal n
Bk sburqg A ¥ c o c c
B rdop an
Capea Town
Ath lona -} [ G c <
Cape Flars ) A B B

Carfagtonvl | la
Dl v Councl | Cape
Atlantls
Barcherds
Gurban
Southern A B B B
Cantval a B B
Horthern
Kw adbashu-O00 d
Ku 8 ashu=~New
Garm ston
Watorvai
Dok ama
Rondebu |t
Hel dalberyg

A - mceads Mol mgm value
B - swceads sedl an value
G = mcends max] um value

191




IABLE 5.6 Toomt | pued)

Towns pH Al Co ¢ ©” G Gu Fa Pb Mn Nl Ns Sn  Zn ¢l
Johannesburyg
Gouk opples A B B B c c A
Kilpsprul+ A
Al et gnvdr A B A a 4 c A
HOrrhas n A B A c
Ok fantsvlel A A A B c &
Kanptan Park A -] G A A
Kl mberaly
Homsvale A
K| rharely
Beaconelfald
K lark sdorp A
Kroonstad
kullsrl viar
Ly denburg
Helsprult A C B A
Hewcast la c c A
New Garhany
Higal
H Bl ey C
&F Grurdling c
Marl s¥zla c

A = &ceads minlum valus
B ~ sxcsads medl an valuse .
C = sqcosds mex] fum volue

28l




TABLE 5.6 (contl nood)

Towns pH Al cd o o” co

Parys
Pl srarmar] tzburyg G
Pory Eflzabath
| ndugtrles
Domestic
Freotor| a
R avl anspoort
Daspoort
Roolwal
Rustenbyirg A 8
Scottburgh
S5prilags
Ancor B
MoComnb c A
Stel lenbasch
Ul tenhage A
¥eresnl gl ng
Wekiom
Theronl a
Wltpan
Woestanaer] a
Withark
Zaarust

Lo

Do mwm

>

oo

I 2 I D>

10008

L]
=

A= wmicosds o nl rum value
B - exeoody madian valus
C = ixcoeds Maxifum valuw

£9l




Te7 Cofpar] son botwedn Sewage Works Eff luert and Orlming Water Standards (Table 4,11}

Tow N5

PH Al C4 Crﬁ cr} Co

Amarg i arar|
deanani
A taenmfomtal n
Bk sturg
Brapan
Capa Town
Ath lans
Cope Flars
Carletonv | la
Dlv Counch | Cape
ATlantls
Borchords
Durban
Southarn
Cenfral
Harthera .
Ke Mashu=01d
K sdashiy-Heow
Gorn stan
Waterval
o ama
Rondobtu 1T
Hel dal barg

a c =] A
B B
A 2]
8

A — acceads ol pkuh valye
B - excesds madian value
C - emcosds na|uh valya

bal




TABLE 9.7 {contlnuad)

Townx

pH Al cd Gr l::l".“II Co Cu Fam Pb Hn Hi Ha &n Zn

cl

Johannesiurg
Gouthcppl es
Kllpspruit
Alet andra
Horrthan
Ol famrsvwiad

Kemptan Park

Kl monraly
Homavale
K1 abwrely
Beaconsileld

K larh sdarp

Kroanstad

Kul Isr] var

Lydanbury

N&lsprul t

Hewcastla

Mww Gorsany

HI pwl
H Bl oy
OF Grundling
Marievale

= M
2= =
>
o w >
-

o

A = mucesds mlnfum value
B = micosds medlan value
C = scoads Dl oum value

591




Towns

o Al ¢t o ©° Co Cu Fe Pb  Mp

K&

Zn

ci

Parys
P latarmar ] fzborg
Port E1 1zabath
Industries
Domestlc
Pratorja
Bav| sanspiart
Caspoort
Roalwal
Rusisnburyg
Scottburgh
Springs
Ancor
McConb
Shal ienbosch
Bl ¥anhage
Yaroanlging
walkos
Tharonla
Witpan
Wastomorla
W [ toank
Zeoarust

o @
o
0 0

A - axtecds minimem valug
B = axcesds wadian value
€ - wdceods moximus valua

991
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Iin order to preserve confidentiality table 5.8 has heen
removed from this edition of the repork.
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In order tp preserve confidentiality table 5.8 has been
cemoved from this edition of the repeort,
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In aorder to preserve confidentiality table 5.8 has bheen
removed from this edition of the repork.
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In corder to preserve confiidentiality table 5.8 has been
removed from this edition of the report.




TABLE 5.9 Estimitad Consumption of Plating Chemicals
Chemical Form Annual Consumption
ton/yr
Cyanide KCH ; NaCH 150 ~ 400
Chrome Chromic acid 250
Cadmfum meta) 50
Copper metal 200
Rickel metal 250
Ni504 ; NiClg 200
Tin metal 5 - 50

71




CHAPTER 6
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COHCLUSIONS AND RECOMMEHDATIONS

6.1 Conclusions

{il

(14)

{ifi)

(1v)

(v}

{vi)

{wii)

Legislation exists to control and regulate the use of water
and the discharge of effluents from the plating industry.
Embodfed in the legislation are provisions relating to
specific water consumption, the installation of effluent
treatment systems and exceptance 1imits far the chemical
consumprion (evep Jf discharge into a wumicipal sewer
system),

Technology is avallable to achieve the 1imits specifted by
the US EPA (Table 3.1}, Sewage works with well ojerated
primary and secondary blological treatment have removal
rates for regulated metals {(chrowjum, copper, nickel and
zinc} of between 20 to 70%, BAT (best available technology
economically achievable) is capable of removal luvels of
87% ar more,

Technology is available to enable certain plating solutions
to be regensrated and recycled,

Metal finishing is a major point source of heavy metals,

The presence of heavy metals in the influent to a few
sewage works interfers with the operation of the sewage
works.

At a number of sewage works the concentration uf heavy
metals in the effluent from the sewage wirks exceed the
limits laid down in various internatiomal standards for
both drinking water and river/dam water. This Couid have
serious implications in the reuse of the water either as
return fiow or as reclaimed water,

The accumulation of heavy metals in the sewage sludye could

ligft management alternatives as to the disposal of the
sludge,
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6.2.1
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{viii) 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) {onventional effiuent treatment results in a significant
increase in the total dissolved solids content of the
effluent.

{x) The disposal of metal finishing sludges to land fi11 sites
was not investigated,

Recommendations

Water Reduction

The first phase for an inhouse effluent treatment prograsme 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 1load from & conventional
{precipitation) effluent treatment plant is directly proportional
to the effiuesnt volume hence reduction in watar volume will also
achieve a reduction 1in 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.

Effluent Treatment

Conventional (precipitation) treatment 1s capable of achieving
relatively low cancentrations 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 congcenirated on:
resougrce 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 Tmplementation of inovative technology to
recycle metals and water and eliminate the discharge of effluents
IO SEwEr,

Future Research

Future research should concentrate on reducing or eliminating tha
discharge of heavy metal effluents. At the same time attention
should be pajd to the reduction in inorganic salt Toad. The final
objective shauld be the isolaticon of metal finishing firms from the
sewage treatment system by the application of closed loop recycling

within the factory, The treatment processes that should be
investigated are :

{i) aelectre-chemical
(i) wembrane
[#11) electro-membrane

Local research should concentrate on the Jsolation of metal
finishing firms from the sewage treatment system by closed loop
recycling within the factory.

Technology Transfer

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

UTtimate 5ludge Disposal

Greater provision of suitable sites should be made for the
controlled dumping of potentially toxic sludges from tne metal
finishing industry, #onitoring programmes should be fmplemented
in arder 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}

Cyanide
pH or
Chemical adjustment | chromium | Waste productsl
required | treatment
required
Aluminum potassium sulphate’ X MS DS
Aluminum silicate X MS DS
Ammonium acetate X DS ,HHy
Ammonium biflucride X M5 ,0S A3
Ammonium chloride X D3 ity
Ammonfum citrate X D5 ,NH3 ,0
Ammonium hydroxide X DS ,HHq
Ammonium molybdate X M5 05 HH3
Ammonium nitrate X D5 ,NHy
Ammonium sulphate % M5 D5 NHy
Anisic aldehyde X 0
Antisony potassium tartrate 4 MS DS 0
parium carbonate X MS
Bar{um suiphate X MS
Banzene X i}
Boric acid b4 DS
Cadmium cyanide . 4 Ms D5
Cadmium sulphate X S DS
calcium nitrate b DS
Chromic acid X Ms 05
Citric acid X Ds ,0
Cobalt carbonate X M5
Cobalt sulphate X M5,05
Cupric sulphate X MS 0S5

1M5 = metal sludge; NH3 = ammonia; DS = dissolved solids; 0 = arganic matter
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APPENDIX 1 {continued}

{yanide
pH- or
Chemical adjustment { chromfum | Waste productsl
required | treatment
required
Diammonium phosphate § M5 D5 ,NH3
Ferric nitrate e MS 08
Fluoboric acid 4 H5,05
Formaldahyde X G
Glue X 0
Glycerine X 0
Hydrazine sulphate X DS
Hydrochlaric acid X 0s
Hydroftuosilicic X MS DS
Hydrogen peroxide 4
Hydroxyacetic acid X D5,0
Hypophosphorus acid X MS DS
Indium sulphate X MS DS
Iron oxijde X M
I sopropanci X 0
Lard oil 4 0
Lead fluoborate X Ms D5
Lead oxide X M5
Lime (catcium hydroxide} % M5

1mMs = metal sludge; NHy = ammonia; DS = dissolved solids; 0 = organic matter
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APPENDIX 1 {continued}

Cyanide
pH ar
Chemical adjustment | chromium | ¥aste productsl
reguired | treatment
reguired
Magnesium sulphate X MS ,0S
Manganesa carbonate 4 M5
Manganess sulphate X Ms DS
Methanol X {
Monoamaonjum phosphate X MS ,0S ,NH;
Nickel carbonate X Ms
Hickel chloride X M5 ,DS
Nickel sulphate X M5 DS
Nickel sulfamate X Hs,D5
Nitric acid X s
Oxalic acid X MS DS
Phospharys acid X MS D5
Potassium bromate X D5
Potassium citrate X D5,0
potassium chloride X 1)
Potassium copper cyanide X MS,DS
Potassium cyanide X MS ,08
Potassium ferricyanide X MS oS
Potassium hydroxide X DS
Potassium phosphate X MS 05
Potassium stannate X M3 ,DS
Potassium thiocyanate L D5

IMS = metal sludge; MH3 = ammonia; DS = dissalved solids; 0 = organic matter
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APPENDIYX L {continued)

Cyanide
p ar
Chemical adjustment | chromium |Waste productsl
required | treatment
required

Sodium acid pyrophosphate 4 MS 05
Soda ash {sodium carbonate) X DS

. Sodium bicarbonate X DS
Sodium bisulfite X DS
sodivm bifluoride i M3 ,D5
Sodium ¢itrate hd 05,0
Sodium copper cyanide X M5 ,05
Sodium cyanide X )
Sodium dichromate X MS 0S5
Sodium fluooborate X Ms,D5
Sodium gluconate

Sedium hexametaphasphate X M5 ,05
Sodium hypophosphite % MS DS
sadium hydrosulfite X DS
Sodium hydroxide {caustic soda) X (113
Sadjum metasilicate X MS DS
Sodium molybdate X Hs D5
Sodfum nitrate X DS
Sodium orthosilicate X MS,DS
Sodium polysulfide X Hs ,05
Sodium stamnate X Ms,05
Sodjum sulphate X ns
Sodium sulfide X MS ,DS
Sodium sulfite X DS
Sodium tripolyphosphate X Ms D5
Stannous Fluohorate X MS DS
Stannous sulphate X MS,DS

Ins = metal sludge; NHy = ammonia; DS = dissolved solids; 0 = organic matter




APPENDIX 1 {continued)

Cyanide
pH or
Chemical adjustment) chromium | Waste productsl
required | treatment
required

Stearic acid X 0
Sulfamic actd e 113
Sulfur (liquid} X MS
Sulfuric acid 4 MS ,0S
Tallow glyceride 4 0
Tartaric acid X 0
Tetrapotassium pyrophosphate X HS .,0s
Tetrasodium pyrophosphate X Ms .05
Toluene X 0
Trichlorethylene X 0
Trichloroethane X 0
Trisodium phosphate X MS ,05
Aylene X 0
Zin¢ chioride X MS ,05
Zin¢c cyanide X M5,05

14 = matal sludge; HHy = ammonfa; DS = dissolved selids; O = organic matter
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APPERDIX 2.

Dear Sir,

NATIONAL SURVEY INTO WATER MANAGERMENT AND EFFLUENT TREATMENT

The Polilution Research Group of the University of MNatal, Durban is
undertaking an investigation into the water wanagement amd eFffluent
traatment in the processing of :

{1) Metals {metal plating, fabrication, machining and
finishing).

(11} Fermentation Products (beer, sorghum beer, distilleries
{acluding wine distilleries and yeast protessing
{ndustries),

{i11) Pharmaceutic Products ({pharmaceuticals and patent
medicines).

The f{nvestigation/survey is being undertaken for the MWater Rasearch
Commission in close cooperation with tha Industries, the Depariment of
Environment Affairs and Local Authorities to identify problems and
areas whare impravements 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 recosmmendations to the
Water Research Commission so that they can initfate, on a priority
basis, research and development programmes for the solution of the
identified problems,

It would be appreciated, therafore, if you would complete the attached
quastionnaire with reference to Industries {ij to {iii}), which discharge
into the municipal sawers, 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 assurad that the information will be treated as confidential
and will not be published in any way which would make it possible to
identify an individual company, The information which we are
collacting wil) be used by the Water Research Commission to plan future
research.

This is in the Mational tnterest and 1 am sure we can losk forward to
your cooperation and help.
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APPENDIX 3,

CONFIDENTIAL QUESTIONNAIRE

METAL FINISHING FIRMS DISCHARGING EFFLUENT TO SEWER

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

Please i1l in a separate form for each firm,

1. Ham Df f1rm: wh dhh kA AR RN R IR FE RN R PR A R RN FANT

2. Address of 8 - T

s papdnnppdndagindbdabdadvd dadnvrh b pada by irdpEaRFPpPRERFEFT

3" “ature nf Busimss : 'FEEERNNEEENEFENNENNENE XN FEBENENDENXNLERENE B3NN EEE]]

s 1 R v P AR YT RERAdArgiadag bbbl hadablhads BAFSFARRAT

4. Pearson responsible for effluent Control ; .. .iivivenrrnsrcarvnesnan

PR R A F R R AR AR PR PR AP R FREREE PPN PR P AP A PR Ak pn g kg R AR RS

5: .ﬁﬂl’luall Hﬁter Cﬂﬂ!umPtiﬂﬂ: (RN NN NNEEENNENNENNEIENRNERENNERERINEENE NN IR
6. Annual volume of effluent produced & ...eesuesvsansnsvornsranstsnna

7. Yolume or mass of sludges produced ¢ ....veemsnvsncstannsasvasinnas
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8.

9.

10,

TIEiEEI Analysis of Effluent

pH

Aluminium - Al
Cadmium Cd
Chrome (hexavalent} Crvi
Chrome { trivalent) crili
Cobalt Co
Copper Cu
Iron Fe
Lead Pb
Manganese Mn
Nickel Ni
Sodium Na
Tin Sn
Zinc Zn
Boron B
Chloride c1-
Cyanide CH™
Hitrate HO4~
Sulphate S04=
Phosphate POy=
Tatal Dissolved Solids

011s Fats and Greases

Doas the firm have exemption from the bye~laws? If yes, please
specify :

R R A R N R A R R R N A A A N S N R N N AT N L NN TN NN NN
Are problems encountered in traating the effluent? If yas, please
specify :

IR R R N NN NN N R e a e S N N N R TN NN NN NN
I EE RN RN NNy N T NS N AN R R R E RN NN R RN

I EE RN SRR RN NN N RN YA N T N TN YRR RN NN N LR
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11,

12.

Does the firm have its own effluent treatment system? 1f yes,
name unit operations or sketch a flow diagram :

A EFEEIEEEN RN AN IR FEF R NN ENEENNEE ENEREREERNEE] IR RN RN ENE NN RN EERE NN

Are any special conditfons required for discharge (e.g. balancing
tanks, analysis prior to discharge) -

T R IR L R L R R R R R E F E A A EE N R T R N RN N NN
AP FFRRARN SRR AR F F N TNt b AR PP LA R A R R RSN ARG b a g A
B AR R R I I N R R E N T ] R R R R R R R R E A N T AR A NN Y E RN R N I )

R I R R R E R R A R E T I A R R I R R R Ly X S EE R EE SN AR AR E N RN RN |
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QUESTIONNALRE

FERMERTATION PRODUCTS AND PHARMACEUTICAL

SURVEY ON METAL FINISHING,

PRODUCTS

(Information supplied is solely for use Dy the Water Research Commission
£0 assess the need for future research in these industries and will not
be disclosed to any other party.)

Please 111 in 2 separate form for each sewage works.

1.

HEE ﬂf"u“itipa11ty : LS LR B I B RN R R IR N R N Y

{Return the questionnaire if none of the above industries discharge

effiyent into the municipal sewers,)

Sewerage Works

(a} Type of works?

Primary sedimentation
Biological filter
Activated sludge
Maturation ponds
Primary digestion
Secondary digestion
Orying bads
Filtration
Centrifuge
Incineration

Gther {specify)

NEERERREEY

{b} The fina} efﬂuent -is diSEharg’Ed intu : [ B BB I I AN LN A N NN

L N R N N NN AN Y NN NN SN RN NN

LR R R AR N N R Y S R B R E R E R P E R P EE T I S E R RN A ]

ThE s]udge 15 d-ispcse'i br; rh b adpadhbdard P AR FE RS R R

LB Ll N T Y I N TR N NN N NN NN NN Y]

L N N AR N R R R R E R R R R R R R RS AR ]

{c} Total flow to the sewage works :

LR B BRI BN B I R B B Y IR BRI
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3.

(d)

{e)

{f)

(g}

Tut&1 f1ﬂ“ ﬂf dnmestic SEHEEE HE NN I Y
Hatﬂr Tariff H g...;..lj;qltllIlliilli!iiiiii!lli!i;!iii!if!!t
Eff‘uent ﬂﬂd treatment tiriff I ek dA b ba kLA ra kbR RA BT R EAE Y

Please attach a copy of the effluent bye-laws and specify if
any changes o the bye~laws are envisaged,

Heavy Metals

fa} Humber of firms discharging metal finishing effluents : ......

(b)

{c}

Have any problems been encountered because of the presence of
heavy metals in the incoming sewage, if yes, please specify?

T E RN E R NN N R NSNS EE N N RN RN NN NN NN SRR LR ERE RN
I Ry R R I R R R TS N R AR E NN R N )
A IR LRI EEE RN R R A Y S RN N NN R RN AR RS EE NN AR RS R RN NN

Rl EF R AR P A PR RN R R RN P AP AR P AP IR F A FFFraaprrmrdipradddsdsd

I1s metal finishing a major source of heavy metals in the
incoming sewage?

IR B R L ENRERENNE BB ENEEE RN RN NE NN N ENREEN N NN E N NNENNENRNENENENINNENESNNE)
IR R E L EEEENEERESNEEREERNNRENLEN R RN EEN R RN N RS ENE RN RN ENRENENENRNENRENDELR]
R d T AP FE R R RN AR R F kP AR R A DR hh bl dm bl A ks kR A R P PR FE R AR R

IR B A NN EREENNEBESNEE RS ENNNFEENFNNE NN YN REN NN RN RN SN ENENEENENNNENS NN )
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{d} Analysis of Sewage Effluent

Raw Sewage Final Effluent

pH

Aluminium Al
Cadmium cd
Chrome {hexavalent) crvi
Chrome (trivalent) criii
Cobalt Lo
Capper Cu
Iran Fe
Lead Pb
Manganese Mn
Hickel Hi
Sodium Ha
Tin sn
Zinc Zn
Boron B
Chloride €1
Cyanide CH-
Nitrate NOq*
Sulphate S04=
Phosphate PO4=

(d} Analysis of Sewage {continued)

Total dissclved solids
Setileable solids
Suspended solids

Qxygen absorbed
Biological Oxyden Demand
Chemical Oxygen Demand

4, Fermentation Products

{a} MNumber of fermentation firms discharging effluent to the
sewers?

LR R LSRR L NN E NN E NN NE NN REERENENNERENEENEENNEIEII RN
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()

(€)

Have any problams been encauntered because of the presence of
farmentation products in the incoming sewage? [f yes, please
specify :

e bamdssNvenssdsdsarsaEEtataar st A s b AN bR a N L s
e resesesEs s seR e nnand s NE R e T s At atasa bt e Rt oINS
emterebaEEBehastitsasTaean nann rhetasssiaaissanasausasasaiansa
Ce B EA Rt MR Rl Re b A b s Rt AR Ea b Eads TR EE R e RN E N s

'"EEEEEREERERT EN TN NN IR NI NN IR NI R S BN B B RE W B R N R R B ]

Arg effluants from fermentation products a major lead in the
incoming sewage 7
e
Cear bR amrerantban et A AN A a Rt Ad et sue e
e s e mmar et ke b g ates A E e sa et AN At Al se e s R

FBE IR S FFEBFPRREFERFSag s EE R s rn gt rhay e i h A Ak rh A

f. Pharmaceutical Products

{a)

(b)

()

Humber of opharmaceutical firms discharging effluent to the
sewer 1

IR IR RN N R R N R N N AN N RN Y R N NN NN Y

Have any problems heen encountered because of the presence of
pharmaceutical praoducts in the incoming sewage? If yss, please
specify.

P ARE RSB NI A A RA A AR R AR e PAL A A SR E At e aA A,
e T I Imnmr,mT T,
A e tmbdaE TR BRI RIIA LSRN S RNt EA A st saA AR asE A
T, M

LE R R ALERENEFEENEREREEREENRRENNEREE NN SN ELRNEEEN AN ENESNENRENENENNENEHNIEJ:]

Are effluents Trom pharmaceutical products a major toad in the
incoming sewage?

LR AR R R L L N N NN R N N T Y NN
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