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Executive summary 
 
The aim of this project is to undertake a survey of the South African Metal Finishing industry in order to 
obtain an overview of operations, specific water use, specific effluent volume and the extent to which best 
practice is being implemented. This was achieved through a review of the appropriate literature, holding 
workshops, interviewing companies and undertaking site visits.  
 
A previous survey of this industrial sector was conducted in 1987 by Binnie and Partners Consulting 
Engineers. Since this time, the industry has undergone a number of significant changes such as new 
legislation, updated technology as well as the introduction of new processes and environmentally friendly 
chemicals. In addition, there is growing awareness of the need to optimise water use and reduce the 
production of waste, and this should be reflected in the specific water consumption and effluent 
production.  It was therefore considered an opportune time to review the water and wastewater 
management practises of the industry and identify the changes that have been made since the 1987 
survey. 
 
The regional distribution of companies as well as the number of companies included in this industry 
survey is shown in Table A.  In addition to the industry survey, a survey was also undertaken amongst 
the six biggest suppliers of equipment and chemicals to the metal finishing sector (supplier survey).    
  
Table A – Regional distribution of companies of surveyed   

 WC Gauteng KZN Totals 

Facilities 7 7 6 20 

Production lines 24 40 20 84 

 
Important findings from the surveys can be summarised as follows: 
 

• The size of the industry varies between and 100 (SAMFA estimate) and 300 (supplier survey) 
factories.  

• There is about an equal split between the amount of companies which are classified as jobshops 
and in-house establishments. 

• 57% of the factories surveyed have certification and of these certificated factories 59% have ISO 
9000 certification. 

• The supplier and industry surveys suggest that single rinses still constitute between 50% and 
75% of all the rinses in the industry, despite the fact that it is well known that dual and triple 
counterflow rinsing schemes result in significant water savings.  

• Based on the data obtained from the supplier survey, it is evident that the uptake of cleaner 
production techniques is marginal with: 
  

o 63% of all zinc-plated solutions still being cyanide based 
o 70% of all post zinc plating passivation treatments still being Cr (VI) based 
o zero operating Cr (III) plants and  
o less than 1% of all the operating facilities having alkaline non-cyanide copper processes. 

 

• 75% of the facilities are operating dragout tanks, but only 36% are recovering chemicals from the 
dragout tanks to the plating tanks.   

• The implementation of best practise techniques is more likely to occur at in-house facilities and 
bigger companies.  
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A comparison of the Specific Water Index (SWI) results from both the previous study and the current 
survey are provided in the Table B below. 
 
  Table B – Comparison of SWIs obtained from 1987 and current survey 

Time period Range of SWI (l/m2) Mean (l/m2) 

Binnie 1987 30-1290  310  

This study 4.23-399.57 95.02  

 
The SWI results indicate that water in the sector is being used more efficiently.  In fact, the international 
benchmark of 40 l/m2 is improved on by several of the companies surveyed.  Data collected on cleaner 
production (CP), however, indicates that the uptake of CP is very slow and this could be attributed to 
financial reasons and the current skill level of operators in the sector.  For example, Cr (III) plating plants 
require more capital investment and the process requires a highly skilled technician to ensure that it 
operates as intended.  The significant financial risk associated with the instability of the economy 
therefore does not justify the investment in expensive capital equipment nor the hiring highly skilled 
labour for operation of a Cr (III) plant. 
 
The biggest barrier to the implementation of CP and best practise techniques now, as it was in the 1980s, 
is financial.  Companies are not prepared to invest in CP in an uncertain economic environment, where 
this investment may not necessarily result in an increased revenue stream. 
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GLOSSARY 

 
Anode is an electrode through which an electric current flows into a polarised electric 

device 
 
EPA   environmental protection agency 
 
ISO   international standards organisation 
 
METSEP METals SEParation is the Johannesburg based company that recycles acids for 

industry. www.metsep.co.za 
 
mg/m3   milligrams per cubic metre (concentration) 
 
Micron   1 millionth of a metre 
 
MSDS   materials safety and data sheet 
 
ppm   parts per million (concentration) 
 
SABS   South African Bureau of Standards 
 
SAMFA   South African Metal Finishing Association. 
 
Tensides is a substance which lowers the surface tension between two liquids and 

supports the formation of dispersions. They are also known as emulsifying 
agents 

 
UNEP   United Nations Environment Program 
 
zamak  is an alloy of zinc aluminium magnesium and copper and is used extensively in 

die casting industry – also commonly known in RSA as mazak 
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1. BACKGROUND 
 
1.1 INTRODUCTION 
 
The last National Survey relating to the management of resources in the Metal Finishing Industry was 
completed in October 1987, 25 years ago.  Since then there has been concerted effort to develop coating 
systems that rely on more environmentally friendly chemicals along with scientific evaluation of process 
lines that has resulted in significant improvements to layout and handling methods. 
 
Since the last NATSURV, a portion of the South African metal finishers have benefitted from financial and 
technical assistance from DANIDA (the Danish Foreign Aid agency) with the implementation of our own 
Resource Conservation program.  This initiative, the CPMFI project [Cleaner Production in the Metal 
Finishing Industry] ran for a period of three and a half years, officially ending in 2004 and culminating in 
the establishment of SAMFA, the South African Metal Finishing Association. 
 
Ultimately eighteen companies rebuilt their plants with partial subsidies from DANIDA totalling 1.2 million 
rand.  Together they achieved combined savings of around 3.8 million rand in year one and on average 
recouped their investments through savings in an average period of 18 months.  Scores of other 
companies made smaller but measurable improvements using their own resources. 
 
To quantify the extent to which the metal finishing industry in South Africa has changed since the last 
NATSURV conducted in 1987, it was again necessary to collate up-to-date information such that 
meaningful conclusions could be drawn.  
 
The major outcomes expected from this study are as follows: 
 

• A review of current state of the metal finishing sector which would provide the platform for further 
initiatives aimed at positively transforming the sector.   

 

• The development of a product that will allow more cost effective planning for the sector, resulting 
in better run factories with the potential to become more profitable. 

 

• An assessment of the extent of compliance with ISO 14000 and Chemicals Management Action 
Plans (CMAP) to provide an indication of the protective measures currently provided to workers in 
this sector.  

 

• To provide an indication of the varying degrees of training required for general worker safety 
awareness, the use of personal protective gear, correct operational procedures, improving the 
state of poor housekeeping and to rectify poor administration. 

 
1.1.1 Industry overview 
 

It is often necessary to use metals or metal alloys which have certain surface properties, e.g. 

resistance to corrosion, hardiness, high temperature tolerance, etc.  Generally, no one metal will 

possess all the necessary properties.  For example, steel has many good properties.  It is 

inexpensive, abundant and a strong material that can easily be worked into all manner of shapes 

and forms.  However, its major flaw is poor resistance to corrosion, causing it to rust severely in 

damp atmospheres.  It needs to be coated with another material to provide corrosion resistance.  

The term metal finishing refers to a range of techniques that treat metal surfaces for its intended 

purpose.  Metal Finishing enables the engineer to combine the good mechanical properties of 

one metal with the desirable surface properties of another.  Electroplating, one of these 

processes thus offers the engineer a wide choice in combining various metals in determining a 

specific objective. 
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Currently, metal finishing operations take place in two broadly defined divisions: 

  
1. The jobbing shop sector (or commercial finishers):  This sector includes businesses 

that offer metal finishing services to companies that elect not to install an in-house 
finishing capability to deal with their finishing requirements.   
 

2. In-house finishing operations:  It is possible that this sector has experienced growth 
since the last NATSURV, particularly amongst OEM (original equipment manufacturers) 
and second tier automotive component manufacturers (SAMFA, 2013).  Some of the 
reasons for this growth are: 

 
• Inventory control is less complicated as parts are not transported to off-site 

locations; 

• The manufacturer is able to concentrate his resources on dealing with specific 
component configurations and finishes; and 

• The manufacturer is better able to manage finishing quality control, with no third 
party involvement 

 

Even with a national survey, an estimate of the number of metal finishing installations in South 

Africa is difficult to quantify as a significant percentage of the work is performed in-house as an 

essential part of an overall manufacturing activity.  The remainder of the metal finishing work is 

undertaken on a contract basis by specialist companies that include some large and dominant 

companies along with a greater number of smaller operators.  Not all of the latter necessarily 

adhere to desirable industry standards, local and national legislation. 

 

1.1.2 Industry Projection 
 

The metal finishing sector does not form a major sector by itself, but it can be assumed that its 

growth can be directly related to events in the manufacturing sector in South Africa.  This 

assumption is based on the fact that many of the in-house finishing operations exist because it 

offers a service to the manufacturing company to which it is attached.  Smaller manufacturers 

who have not adopted in-house finishing or manufacturers who opt for outside contracting still 

make use of services provided by the jobbing shop sector.  It is particularly difficult to gauge what 

percentage of the final product the metal finishing sector may claim, but trends and projections 

made for the manufacturing sector would be applicable to the metal finishing sector as well. 

 

As the industry mirrors the manufacturing engineering industry and its market is a percentage of 

the overall industry, we have to be satisfied with the conclusion that a percentage of overall 

industry GDP can be allocated to this sector. 

 

The size of the various sectors which constitute the South African economy is depicted in Figure 

1 which indicates that manufacturing contributed 15.2% to the GDP of South Africa which is a 

decrease of 3.8% since 1993.  Between 1993 and 2010 the sector experienced growth of R 

102 162 million (SEDA, 2012), but in spite of this growth its contribution to the GDP still 

decreased by 2%, implying that the contribution to the GDP of the metal sector is actually 

growing slightly slower than the other economic sectors.  A detailed breakdown of the industries 

which constitute the South African GDP is shown in Figure 2 which shows that metal related 

manufacturing constituted 3% of the manufacturing sector in 2010.  
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Figure 1 Sectoral contribution of various sectors to the South African Economy (2013) 
(StatsSA)  

 

 

Figure 2 Detailed breakdown of sub-sectors constituting the manufacturing sector (2010) 
(StatsSA) 

 

Based on the aforementioned it would seem that the sector is growing in absolute terms, but that 

the contribution to the GDP is not keeping pace with other sectors.  Since manufacturing is such 

an important component of a country’s economy, it is of national importance to stimulate growth 

in this sector in an effort to sustain the primary economy.  
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1.2 THE OVERALL OBJECTIVES OF THE PROJECT 

 

The project objectives as formulated in the Agreement with the Water Research Commission 

were to: 

  

1. Provide a general overview of the metal finishing industry in South Africa, its changes 

since 1980 and its projected change.  

2. Evaluate and document the generic industry processes  

3. Determine the water consumption and specific water intake  

4. Determine the wastewater generation and typical pollutant loads  

5. Determine local electricity, water and effluent prices and by-laws within which these 

industries function.  

6. Critically evaluate the water (inclusive of wastewater) management processes adopted 

and provide recommendations  

7. Evaluate the industry adoption of the following concepts: cleaner production, water pinch, 

energy pinch, life cycle assessments, water footprints, and ISO 14 000 to name a few.  

8. Provide recommendations for best practice within the industry 

 

The major findings obtained in meeting the abovementioned objectives are described in this 

report in the traditional format of previous NATSURV documents.  Other information which could 

support this document, but cannot necessarily be included within the structure of the NATSURV 

document have been completed as supporting documents and will be discussed further in the 

ensuing sections. 

 

1.3 DESCRIPTION OF THE RESEARCH PRODUCTS 

 

In the original proposal one major research product and two supporting documents were 

envisaged for this Project: 

 

• NATSURV 2 : Water and Wastewater Management in the Metal Finishing Industry (Ed 2)   

• An overview of the status quo of the metal finishing sector in South Africa 

• An overview of source reduction methods which are or can be employed in the metal 

finishing sector. 

 

The project yielded three deliverables in the form of reports: 

 

• Ally, S.H., Kamish, W. and van der Spuy, A. (2015).  NATSURV 2: Water and Wastewater 

Management in the Metal Finishing Industry (Ed 2).  WRC Report No. K5/2224, Water 

Research Commission, Pretoria. (This report) 

 

• Ally, S.H., Kamish, W. and van der Spuy, A. (2015).  Status Quo of the Metal Finishing 

Sector in South Africa.  WRC Report No. K5/2224, Water Research Commission, Pretoria.  

 

• Ally, S.H., Kamish, W. and van der Spuy, A. (2015).  Source Reduction Measures 

Employed in the Metal Finishing Sector.  WRC Report No. K5/2224, Water Research 

Commission, Pretoria. 

 

The major findings from the survey on industries in the metal finishing sector are described in this 

report.  The updated NATSURV 2: Water and Wastewater Management in the Metal Finishing 
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Industry (Ed 2) can provide support to professionals in the plating industry, officials of the DWS 

as well as practitioners who supply support services in the field of cleaner production in the metal 

finishing sector.  

 

The supporting documents provide a more detailed account of the status quo and the extent of 

implementation of cleaner production (CP) technologies in the metal finishing sector.  Once again, 

the documents can be used by the sector as well as those providing support services to the sector 

as a point of departure for what is practically possible in term of CP implementation.    

 

1.4 METHODOLOGY 

 

To achieve the objectives of this project, a strong collaboration with the SAMFA was required.  This 

collaboration allowed access to the SAMFA database of members and allowed the project team to 

attend the SAMFA Annual General Meetings (AGMs) in the various provinces where the project 

could be introduced and where project progress could be reported on.  Although the collaboration 

with SAMFA made access to the sector easier, it in no way ensured full co-operation from the 

members.  

 

The following processes were followed to obtain the information required information from the 

sector.  

 

1. Creating awareness of the NATSURV project: To create awareness of the project 

among the various factories which constitute the sector a workshop was held in each of 

the regional SAMFA centres.  These meetings were held in the Cape Region: Thursday, 

June 13, 2013 in Bellville; KZN Region: Wednesday June 19, 2013 in Westville and the 

Gauteng Region: Thursday, July 4 2013, in Edenvale.  In addition to the initiation 

workshops an article entitled “How Big is the Metal Finishing Industry in South Africa?” 

was also published in Issue 20 of the S.A. Metal Finisher, the official Journal of the 

SAMFA.   

 

2. Status Quo of Metal Finishing in South Africa: To obtain an indication of what the 

status quo in the metal finishing industry was, a desktop study reviewing the projects 

involving the metal finishing sector since 1987 was undertaken.  The review specifically 

focussed on: 

 
a. Generic, general and specific process descriptions including pre and post 

treatment activities. 

b. Wastes generated during the metal finishing process and their typical treatment 

c. Changes in the metal finishing industry since the 1980s and projected future 

changes 

d. A description of the hot dip galvanizing process and industry changes which have 

occurred     

 
3. Development of questionnaire for collation of information: The format of the 

questionnaire developed in this study was based on the previously-expressed desire of 

SAMFA members for a self-assessment tool.  The developed questionnaire was Excel-

based and covered aspects such as water and energy consumption, chemicals usage 

and disposal as well as occupational health and safety issues.  Since the spreadsheet 

was interactive it could provide red flags where deficiencies existed, based on the user 

input.  To expedite large scale dissemination of the questionnaire it was first tested with a 
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pre-selected sample of members and then refined based on their feedback.  The 

questionnaire thus underwent several iterations before it was distributed. 

 

4. Introductory email and request to participate in survey: Before the questionnaire was 

distributed an introductory email was sent to some SAMFA members who had either 

previously agreed to participate or whom the project team regarded as presenting a good 

chance of returning a completed questionnaire. 

 
5. Dissemination of the questionnaire:  The questionnaire was disseminated 

electronically with a covering email.  In certain cases problems were experienced with the 

electronic mail delivery system and a hardcopy of the survey was posted instead.  In 

certain instances it was clear the project team would have to provide assistance with the 

completion of the questionnaire and in these cases assistance was provided 

telephonically or with a site visit.   

 
6. Site visits to participating companies: Selected site visits were performed to assist 

participants with the completion of questionnaires and to obtain a first-hand impression of 

the industry.  This approach worked most effectively when the participating company had 

already attempted to complete the questionnaire, because the completion of a totally 

incomplete questionnaire during a site visit inevitably resulted in the provision of data 

which proved to be erroneous during the quality assurance stage. 

 
7. Follow-up emails and phone calls:  Since the completion of a questionnaire did not 

form part of the companies’ core business, several follow-up emails and phone calls were 

often required to obtain the requisite information.  This step proved to be essential in 

gathering as much good quality data as possible.  

 

8. Quality assurance of data: Once data was received it was reviewed for any gross 

errors.  Typically the presence of gross errors was identified by querying water volume 

balances across the factory or by querying the input parameters on a mass balance. For 

example the operator claims that copper is being plated, but inventory data indicates that 

copper anodes are seldom or never replaced. 

 
9. Supplier survey: To obtain an alternative snapshot of the metal finishing sector a “top 

down” survey was also undertaken with the 6 biggest suppliers to the metal finishing 

sector in South Africa.  This information is considered to be much more inclusive (and 

reliable) than the snapshot obtained from the collation of information obtained from the 

individual companies, because most of the individual factories actually rely totally on the 

vendors from a technical operational perspective and as such the vendors would in 

majority of the cases know the technical and operational aspect better than the 

owners/operators of the factories. 

 
10. Development of a Specific Water Index (SWI): Based on the information obtained from 

the data collection exercise it was possible to estimate an industry specific SWI for each 

process line that was surveyed and then to compare this with international standards.  

The fact that certain factories not only met, but exceeded these international standards 

implies that a relaxation in standard for “South African conditions” is probably not 

necessary and that many facilities are equal to their international counterparts. 
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1.5 LIMITATIONS OF THE STUDY 

 

Attempting a survey on a national scale introduces several complexities and there is a potential risk 

of obtaining a skewed impression of the sector in any one of the items that were investigated.  The 

sample size drawn from each of the provinces was limited due to time and budget and any 

conclusions drawn from the limited sample could be biased because of this.  It should be noted that 

several of the factories that were given questionnaires and promised to submit them have used 

every stalling tactic in the book not to submit them while other operators who are respected and 

large players in the industry refused point blank to co-operate.  In an attempt to correct for potential 

bias in the data collected from individual factories who did respond to the call, a secondary, simpler 

survey of the suppliers to the sector was undertaken to verify items related to the uptake of cleaner 

production (CP) in the industry. 

 

The issue of compliance with municipal discharge by-laws in the preceding year was not verified 

with information from the local municipalities.  Conclusions about non-compliance should therefore 

not be made without consulting with the local municipality.   

 

Information regarding the Specific Water Index (SWI) could not be verified with any external data 

other than the data obtained from the factories.  To this end, quality assurance was undertaken 

internally and erroneous data which could not be corrected after its identification was removed from 

the final report. 

 

1.6 LAYOUT OF THE REPORT 

 

The remainder of the report consists of the following chapters: 

 

Chapter 2 presents a process overview of the metal finishing sector focusing of the major pre-

treatment, surface treatment and post treatment processes.  

 

Chapter 3 describes the legislative framework for the implementation of cleaner production in 

South Africa as well as other legislative requirements.  This chapter also contains references to 

the by-laws in the various provinces. 

 

In Chapter 4, a brief discussion water usage and wastewater is undertaken. 

 

Chapter 5 presents the results from the survey and is followed by a description of resource 

conservation and cleaner production techniques available to the sector in Chapter 6.   

 

Chapters 7 and 8 describe the current chemicals and products management as well cost of 

utilities. 

 

Chapter 9 discusses the development of the Specific Water Index (SWI) for the sector and is 

followed by the discussion, conclusions and recommendations in Chapters 10, 11 and 12 

respectively. 
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2. PROCESS OVERVIEW 
 
2.1 INTRODUCTION 

It is often necessary to use metals or metal alloys which have certain surface properties, e.g. 
resistance to corrosion, hardiness, high temperature tolerance, etc.  Generally, no one metal will 
possess all the necessary properties.  For example, steel has many good properties.  It is 
inexpensive, abundant and a strong material that can easily be worked into all manner of shapes 
and forms.  However, its major flaw is poor resistance to corrosion, causing it to rust severely in 
damp atmospheres.  It needs to be coated with another material to provide corrosion resistance.  
The term metal finishing refers to a range of techniques that treat metal surfaces for its intended 
purpose.  Metal Finishing enables the engineer to combine the good mechanical properties of 
one metal with the desirable surface properties of another.  Electroplating thus offers the 
engineer a wide choice in combining various metals in determining a specific objective. 

 
An estimate of the number of metal finishing installations in South Africa is difficult to quantify as 
a significant percentage of the work is performed in-house as an essential part of an overall 
manufacturing activity.  The remainder of the metal finishing work is undertaken on a contract 
basis by specialist companies that include some large and dominant companies along with a 
greater number of smaller operators.  Not all of the latter necessarily adhere to desirable industry 
standards, local and national legislation.  

 
2.2 THE GENERIC PROCESS DESCRIPTION 
 

The term metal finishing incorporates a wide variety of different activities and these are 
compartmentalised into three main operations and shown in Figure 3.  

 

 

Figure 3 A generic process flow diagram for the metal finishing industry 

 
1. The pre-treatment process – This procedure is essential and prepares the metal to be plated.  

It primarily involves the cleaning of the surface which ensures a good surface finish.  This 
process could be of two types, (a) chemical surface treatment or (b) mechanical surface 
treatment of the object or both. 

a. Chemical surface treatment includes processes such as degreasing, pickling and 
phosphating 

b. Mechanical surface treatment includes descaling, brushing, scouring and polishing. 
2. The surface treatment of the product is performed via anodising, electroplating, e-coating, 

chemical surface treatments, powder coating, or hot dip galvanizing. 
3. The post treatment process usually involves passivation, lacquering, painting and/or rinsing 

of the workpiece. 
 

Of these treatment processes mentioned above, only those which were found to use substantial 
quantities of water or generate substantial quantities of effluent have been studied.  Some 
finishing operations, such as nitriding (and other similar processes) require very little water 
(Binnie, 1987) and were not covered in NATSURV 2.  The electroplating, anodising and chemical 

 
Pre-treatment 

 
Surface treatment 

 
Post treatment 
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surface treatment prior to powder coating have been found to be the most water-use-intensive of 
this group, and this guide deals exclusively with these three processes.  

 
The annual water consumption by the metal finishing industry during 1987 was determined to be  
nearly 9 x 106 m3, accounting for 0.7% of the total water intake of the industrial sector in South 
Africa with approximately 80% of this water being discharged as effluent (Binnie, 1987). 

 
2.3 A GENERAL PROCESS DESCRIPTION OF ELECTROPLATING 

 
Today there are many metal finishing techniques, including electroplating, anodising, hot dip 
galvanizing, powder coating and even painting.  For the purposes of this study, each of the 
aforementioned techniques will be dealt with independently.  Most of the information for this 
section was obtained from the SAMFA training manual, 
 
Electroplating is the process of depositing a metallic coating onto a metal or other conducting 
surface in an electrolytic cell where the electrolyte is a solution of a dissolved metallic compound 
that provides ions.  The component for plating is the cathode (negative) and a direct current is 
passed through the cell from an anode (positive) to the cathode.  
 
The product to be plated is first thoroughly cleaned of grease and any other dirt by immersion in 
acid and alkaline cleaning solutions.  It is then processed in a solution containing salts of the 
metal (the electrolyte) with which it is to be coated.  Some common metals electro-deposited are: 
 

• Zinc and zinc alloys for anticorrosion properties 

• Chromium and nickel for decorative, corrosion, wear and temperature resistance 

• Copper and gold for decorative and industrial properties 

• Silver for decorative and electrical properties 

• Tin for food containers and electrical contacts 
 
Some of the properties imparted to articles by electroplated finishes include hardness, lubricity, 
solderability, conductivity, improved torque tension characteristics, enhanced appearance, 
reflectivity and anti-galling characteristics. 
 

2.3.1 Pre-treatment processes, contaminants and their sources 
 
Workpieces that are to be treated must be cleaned from dust, grease and, in the case of castings, 
moulding flash.  There should also be no corrosion on the surface of the article so that a uniform 
application and permanent adhesion of the treated surface can be ensured.  Many articles are 
oiled in transit or from a previous operation (such as pressing) to prevent corrosion.  Pre-
treatment steps therefore include the removal of greases, oil and oxides to provide chemically 
active surfaces for the subsequent treatment.   
 

Mechanical pre-treatment 
 
Mechanical pre-treatment processes consist of linishing (removal of roughness with sanders) and 
polishing, abrasive blasting and deburring and/or tumbling.  Although mechanical pre-treatments 
may be viewed as a cleaner production initiative when compared to other process, this is not the 
case when an aqueous compound containing chemical additives is used. 
 
Electrolytic and chemical polishing 
 
Processes in electrolytic and chemical polishing include electropolishing, plasma-electrolytic 
polishing, electrolytic polishing and chemical polishing.  These processes are applied to 
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aluminium mainly, but stainless steel is often electropolished as well, e.g. for bathroom and 
kitchen racks and trays.  The potential advantages of electrolytic and chemical polishing are: 
 

• The ability to use a single production line because they are similar in operation to 
anodising and electroplating processes, 

• the suitability for bulk treatment, so that labour costs are appreciably lower, 

• the clean surface improves subsequent deposit adhesion and also provides a high 
corrosion resistance and, 

• pre-treatment offers superior reflectivity and colour (SAMFA, 2011) 
 
Solvent degreasing 
 
Solvent degreasing is usually carried out by using chlorinated hydrocarbons, alcohols, terpenes, 
ketones, mineral spirits or hydrocarbons.  The most common solvents are chlorinated 
hydrocarbons (CHCs).  CHCs are used due to its high cleaning efficiency, universal applicability, 
quick drying and incombustibility, but its use is restricted by environmental and health legislation. 
 
Metal stripping 
 
Metals are stripped when it is necessary to process defectively electroplated components without 
losing the properties of the base material.  The metal is then re-plated to the correct 
specifications.  There can be increased waste production in sludge from treatment and used 
acids as well as wastewater generated. 
 
Drag-out and rinsing 
 
Drag-out is defined as the liquid which adheres to the workpiece surface after any process.  As a 
result, rinsing is carried out as a common activity after nearly all process steps.  Rinsing is 
necessary to prevent cross-contamination of process solutions and to ensure there is no 
deterioration of the workpiece and/or article surface by residual chemicals. 

 
2.3.2 The specific surface treatments regimes and general wastes generated 
 
The following specific surface treatments discussed can be inserted into a generic process flow 
diagram (PFD) – Figure 4.  The PFD is not prescriptive and typically an establishment will have 
all the relevant components, depending on available space and operating budgets.  The ensuing 
sections present descriptions of some of the popular surface treatment processes as well as the 
wastes generated.  For a more detailed description the reader is referred to the supporting 
report entitled: “Status Quo of the Metal Finishing Sector in South Africa.  WRC Report No. 
K5/2224, Water Research Commission, Pretoria.”  
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Figure 4 Basic layout for a plating line showing dragout and pre-dip 

 
Copper and copper alloy plating 
 
Copper plating is common for items in daily use such as coins, buttons or zip fasteners.  These 
types of workpieces can be plated in jigs or barrels.  Acid-copper plating has become the 
standard choice for copper plating, whereas pyrophosphate copper electrolytes no longer play an 
important role.  However, copper from an acid electrolyte cannot be deposited directly onto mild 
steel due to the displacement effect.  An underlay of copper from a cyanide based solution must 
be deposited first.  Alkaline non-cyanide variants have also been developed but are not in 
common use in South Africa. 
 
The effluent generated in acid copper processes can be treated in a wastewater plant for low pH 
as well as to remove the copper.  Pyrophosphate copper effluents have to be treated with lime 
(CaCO3) because sodium or potassium hydroxides (NaOH and KOH) do not precipitate the 
copper from the pyrophosphate.  Bronze copper effluents can be treated for pH, cyanide and 
metals in a wastewater treatment plant which contains a cyanide oxidation step. 
 
Nickel electroplating 
 
Nickel electroplating has the primary function to improve the resistance of articles to corrosion, 
wear and abrasion, although nickel also provides a smooth, highly reflective and corrosion-
resistant coating below a range of other coatings for decorative finishes.  The most important 
application of nickel is in nickel/chromium electroplated coatings, commonly called ‘chrome 
plating’.  It consists of a very thin chromium topcoat (1%) over an undercoat of nickel (99%).  
Brass, gold and silver topcoat systems are used as alternatives to chromium.  Nickel can also be 
used on its own without any topcoat.  This is generally only for engineering purposes, .e.g. 
refurbishment of worn components.  Nickel matrixes can be formed in which inert, non-metallic 
particles, such as silicon carbide, diamond or polytetrafluoroethylene (PTFE) are incorporated by 
co-deposition to improve engineering properties such as hardness, abrasion resistance and 
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coefficient of friction.  Electrodeposited nickel alloys of commercial significance include zinc-
nickel, nickel-cobalt and nickel-iron. 
 
Chromium plating 
 
Chromium plating has found wide usage both as a functional coating and as a decorative surface 
finish because of its typical hardness and wear resistance properties.  It is also widely used in 
packaging applications.  Bright chrome is usually applied as a thin layer to prevent corrosion for 
decorative purposes and can be plated from either hexavalent or trivalent chromium electrolytes.  
The deposit thickness is generally in the range of 0.1µm to 0.4 µm with a treatment time of 
between 2 and 13 min.  Hexavalent chromium plating contains 80 to 400 g/l chromic acid and 0.8 
to 5 g/l sulphate.  Trivalent chromium plating, on the other hand, is based on chromium III 
compounds, and depending on which proprietary formulation is used, may contain only about 20 
g/l of the trivalent chromium.  Black chromium plating is for decorating black pieces.  They are 
based on chromic acid electrolytes with 350 to 520 g/l chromic acid.  Deposit layers are porous 
and less than 1 µm thick. 
 
Zinc and zinc alloy plating 
 
Zinc and zinc alloy plating are the most widely used electrolytic surface treatments, providing 
corrosion resistance and/or cheap decorative coating to a wide variety of iron and steel items for 
the automotive, construction and other industries. 
 
Cadmium plating 
 
Cadmium is similar to zinc both as a metal and as regards plating.  There is not a great deal of 
difference between the two in protecting steel against corrosion.  Cadmium plating is mainly used 
to protect parts made of steel, aluminium or titanium alloys.  It is more corrosion resistant than 
zinc, however the toxicity of cadmium has limited its use to vital technical uses only.  Examples 
include metals in aviation and aerospace, military equipment, mining, nuclear industries and 
some safety critical electrical contacts.  Acidic and alkaline cyanide baths can be used for 
cadmium plating. 
 
Tin and alloy plating 

 
Tin and most tin alloy plated coatings are non-toxic, ductile, resistant to corrosion, easy to coat, 
and have high throwing and good distribution properties.  The main application of tin plating is in 
the coating of steel coil for packaging of food, beverages and aerosols.  It is also widely used in 
printed circuit boards, electronic components, appliance chassis and also kitchen utensils.  
Several electrolytes are used and are available, such as acid stannous sulphate, acid tin 
fluoroborate, alkaline sodium or potassium stannate (tin compound).  

 Tin lead plating is a commonly used tin plate alloy.  It is used as solder coat in different alloy 
ratios.  As the lead component is toxic, a range of lead-free alternatives has been developed as 
alternatives.  
 
Non-fluoroboric tin lead electrolytes are available and based on the organic methane sulphonate 
acid. The wastewaters will contain sulphonic acid.  Effluents may be treated in typical wastewater 
plant.  Fluoroborate bath effluents should be pre-treated separately to a typical wastewater 
treatment plant. 
 
Precious metal plating 

 
Thin layers of less than 1 µm of precious metals can be plated onto metals to make a wide range 
of items appear valuable.  They also provide stain and corrosion resistance.  The conductivity, 
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hardness and wear resistance have led to a widespread application in the electric and electronic 
industries as well.  Coatings can be made of silver, gold, palladium and alloys, rhodium and 
platinum. 
 
Autocatalytic plating 

 
Autocatalytic plating is also known as electroless plating which is a catalytic chemically reduced 
coating.  The fundamental reaction requires the presence of a catalytic metal (which is the metal 
being deposited) that allows the reaction to proceed.  The advantages of using electroless plating 
are: 
 

• All surfaces are in contact with the fresh solution, the deposit will be uniform over the entire 
surface, regardless of the surface shape, 

• Plated deposits are less porous than electroplating of the same metal, 

• racking or fixing is greatly simplified and, 

• non-conducting material may be coated. 
 

Autocatalytic plating may include nickel and copper electrolytes on both metals and plastics. 
 
Immersion or displacement coating 

 
Immersion or displacement coatings are non-catalytic chemically reduced coatings.  They are 
formed when the metal to be deposited is precipitated upon its reduction in solution.  This can 
occur chemically from solution or if the metallic article is more active than the ions in the solution.  
Deposits are often non-adherent and of poor physical quality, although careful attention to 
solution composition and operating conditions can produce deposits acceptable for certain 
purposes in printed circuit boards and mirrors. 

 
For mirrors, copper (from the cementation process) can form a complex in the wastewater and is 
difficult to precipitate in the wastewater treatment plant and will have to be treated specifically.  
For printed circuit boards, the environmental considerations for gold and silver are as for tin. 
 
Colour anodising on aluminium 

 
Aluminium can be coloured in many shades and colours in conjunction with or after sulphuric acid 
anodising.  There are four general methods, namely immersion-, electrolytic-, interference- and 
integral colouring. 

 
Immersion colouring is the most widely used colouring method.  The anodised workpieces or 
articles are immersed in a water-based organic or inorganic dye solution before sealing.  In 
electrolytic colouring, the anodised aluminium is placed in an acid solution containing metal salts 
and an alternating current is applied.  The film obtains a colour characteristic of the metal salts 
used.  Electrolytic and immersion colouring can be combined to form new shades.  In interference 
colouring, the appearance is produced by interference effects between two light-scattering layers, 
i.e. between the electrochemically deposited metal layer at the bottom of pores and the 
aluminium oxide-aluminium interface beneath.  With integral colouring, the aluminium oxide layer 
is coloured itself during the anodising process.  Colouring occurs either by anodising in a solution 
of special organic acids or by normal anodising in sulphuric acid of special aluminium alloys with 
substances that are not oxidised such as Al-Si or Al-Fe-Mn.  This technique has almost entirely 
been replaced by electrolytic colouring. 

 
Metals used in electrolytic colouring may require treatment in a wastewater treatment plant prior 
to discharge.  Some organic dyes may require additional wastewater treatment. 
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Sealing following anodising 
 

Sulphuric acid anodising is normally followed by a sealing process.  Sealing improves the 
corrosion and stain resistance of the oxide layers.  It also prevents organic dyes from leaching 
out and improves the light fastness.  Sealing may be carried out in hot or cold processes.  With 
hot sealing, the process is carried out by immersing the anodised parts in hot or boiling deionised 
water (95 to 96oC) for three minutes per µm thickness.  Sealing with steam achieves the same 
effect.  Cold sealing methods have been developed for operating temperatures of 25 to 35oC, and 
60oC. 

 
No constituents of concern are present in wastewater effluent and this water may be recycled and 
used in sealing (AFSA, 2013). 

 
Phosphating coatings 

 
Phosphate coatings are the most widely used conversion coatings and probably the most widely 
used surface treatment.  They are used to treat steel, aluminium and zinc for cold forming, coil 
coating, rust proofing, bearing surface lubrication, paint base and electrical insulation.  
Phosphating is an important step in the pre-treatment of parts that have to be powder coated.   

 
Phosphate coatings are micro-porous in nature.  They make an excellent undercoat for the 
powder coating or wet paint that is to follow.  The phosphating solution is acidic being based on 
phosphoric acid.  There are different types of phosphate coatings.  The most important for 
powder coaters are iron-phosphate and zinc phosphate coatings, but manganese phosphate is 
also used in certain cases.  Apart from a phosphoric acid base, the solutions will contain 
ingredients known as accelerators or oxidisers that influence the speed and the structure of the 
deposit and possibly surfactants.  

 
Chromium conversion coatings 

 
Chromium conversion coatings are used to enhance corrosion protection on various metal 
surfaces, including electroplated zinc and cadmium, zinc die-castings, tin, aluminium, magnesium 
and magnesium alloys, copper, brass and bronze, nickel, silver and stainless steel.  Chromium 
conversion coatings are often referred to as ‘chromating’ because the process originally used 
only hexavalent chromium.  It is an essential step in post treatment of zinc plating. 
 
Metal colouring 

 
Metal colouring is used to obtain a wide range of shades and colours over different metals by 
heat treatment, chemical immersion or electrolytic treatment.  Metal colouring processes are used 
on brass, copper and steel parts.  The most commonly used system is chemical immersion. 
 
Chemical blacking – oxide coatings 

 
Immersion-type chemical oxidation coatings are used mainly for changing the appearance of the 
metal, as a paint base or for their oil-retention characteristics.  Steel, stainless steel, copper, 
brass and aluminium may be blackened.  The original formulations for steel were based on a 
mixture of sodium hydroxide and sodium nitrate/chlorite ranging from 120 g/l to 840 g/l in 
concentration and operated at high temperature.  Rinse water from this process is likely to require 
pH adjustment.  

 
Sophisticated proprietary cold blacking products are now available for various metals (CPMFI, 
2003). 
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Brightening 
 

In the brightening of steel, concentrated nitric acid is used to form a very clean surface.  Copper 
and brass are brightened by oxidising a surface layer.  Aluminium and some of its alloys can be 
brightened by chemical or electrochemical processes. 

 
Spent brightening solutions may require treatment for low pH and possibly metal content prior to 
disposal as effluent. 

 
Etching – alkaline etching of aluminium 

 
The most frequently used method for etching aluminium is aqueous solutions of caustic soda, 
which may or may not contain additives.  It can be used for general cleaning purposes, to 
produce a stain or matt finish for decorative purposes, for deep engraving or chemical milling. 

 
Wastewater contains caustic soda which may be treated in typical wastewater treatment plants.   

 
Chemical milling 

 
Chemical milling is a process used to remove metal on workpieces by dissolution in a caustic or 
acid bath without an external source of energy.  Chemical milling is mostly used on aluminium 
alloys, but chemical milling can also be used on titanium alloys, stainless steel and some special 
alloys with a nickel, cobalt or magnesium base. 
 

2.3.3 Post treatment activities 
 

Post treatment activities include the drying of workpieces.  This can be done by using hot water, 
hot air or air knives.  Furthermore, heat treatment can be carried out on pieces to avoid the 
hydrogen embrittlement formed in pickling, cathodic cleaning, and the electro-deposition of metal. 
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3. LEGISLATIVE FRAMEWORK FOR THE IMPLEMENTATION OF CLEANER 
PRODUCTION 

 
The South African legislature, aimed at promoting the implementation of CP initiatives, is fragmented and 
does not explicitly state CP as an intended objective.  Inclusion of sub-clauses pointing to the preventative 
and precautionary principles, however, create the platform for the implementation of CP.  At the highest 
level, the concept of CP is addressed in Section 24 of the Constitution.  A list of the legislature relating to 
the implementation of Cleaner Production is shown in Table 1. 

 
An assessment of the status quo of CP in South Africa was undertaken by the Department of 
Environmental Affairs and Tourism (DEAT) in 2004.  In that study, the United Nations Environment 
Programme (UNEP) definition of CP was used.  The definition, which reads as follows, will be applicable to 
this study as well: 

 
“The continuous application of an integrated preventive environmental strategy to processes, products, and 
services, to increase overall efficiency, and reduce risks to humans and the environment.  Cleaner 
Production can be applied to the processes used in any industry, to products themselves and to various 
services provided in society.  Specifically for: 

 
Production processes: Cleaner Production results from one or a combination of conserving raw 
materials, water and energy; eliminating toxic and dangerous raw materials; and reducing the 
quantity and toxicity of all emissions and wastes at source during the production process;  
Products: Cleaner Production aims to reduce the environmental, health and safety impacts of 
products over their entire life cycles, from raw materials extraction, through manufacturing and use, 
to the 'ultimate' disposal of the product; and 
Services: Cleaner Production implies incorporating environmental concerns into designing and 
delivering services”. 

 
A graphical representation of the CP concept is presented in Figure 5. 

 

 

Figure 5 Cleaner production within the hierarchy of waste minimisation  

(extracted from the National Cleaner Production Strategy, 2004)
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Figure 5 shows that the Cleaner Production approach focuses on the upstream component (i.e. 
source reduction) of the waste minimization hierarchy thus moving emphasis away from improved 
methods for treatment of waste, towards methods for reducing the amount of waste produced.  CP is 
about: 

• Preventing waste and pollution at source 

• Minimising the use of hazardous raw materials 

• Improving water and energy efficiency 

• Reducing risks to human health 

• Saving money 

• Improving efficient management practices    

• Promoting sustainable development 
 
Furthermore, this approach embraces the ‘cradle-to-grave’ principle, the ‘precautionary principle’ and 
the ‘preventive principle’ and because CP addresses the problem at several levels at once, it is a 
holistic integrated preventive approach to environmental protection.  The CP approach is an integral 
part of South Africa’s Integrated Pollution and Waste Management Policy. 
 
3.1 BY LAWS FOR THE VARIOUS PROVINCES 
 
The by-laws for the various provinces differ in as much as they specify varying pollutant loads to the 
environment as dictated by regional requirements.  This will also then affect the ranges of charges for 
effluent treatment by the various municipalities.  A comparison of effluent discharge limits for selected 
municipalities in South Africa is presented in Table 2.  It is worthwhile noting that the eThekwini 
municipality also has a guideline document for the management of industrial effluent emanating from 
the metal finishing factories.  Specifically the guidelines deal with: 
 

• Treatment process chemistry 

• Process control 

• Engineering design 

• Requirements for effluent compliance and monitoring 

• Methods of sludge handling, storage and disposal 
 
The document is entitled Guidelines for the management of metal finishing industry effluent 
developed by the Durban chamber of commerce by-laws working group.  
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Table 2 Comparison of effluent discharge limits for various municipalities in South Africa 

  Cape Town Johannesburg eThekwini 
metro 

(Durban) <25 
Ml/day 

Ekurhuleni 
(Gauteng) 

Tshwane

Section A: General
 Temperature at point of entry 0 °C  0-40 Not specified <44 Not specified Not specified
 Electrical Conductivity at 25 °C 

(mS/m) 
500 500 at 20oC 400 500 300

 pH Value at 25 °C   5.5-12 Not specified 6.5-10 6-10 6-10
 Chemical Oxygen Demand (mg/l) 5000 Not specified Charge 5000 5000

Section B: Chemical substances other than Heavy Metals – maximum concentrations 
1. Settleable Solids (60 minutes) 

(mg/l) 
50 Not specified Charge Not specified Not specified

2. Suspended Solids (mg/l) 1000 Not specified 1000 Not specified Not specified
3. Total dissolved solids at 105 °C 

(mg/l) 
4000 Not specified 500 Not specified Not specified

4. Chloride as Cℓ (mg/l) 1500 1000 500 500 100
5. Total sulphates as SO4 (mg/l) 1500 250 250 1800 1800
6. Total phosphates as P (mg/l) 25 Not specified Not specified 50 Ortho P Not specified
 Nitrates as N (mg/l) Not specified 50 Not specified 200 Not specified
7. Total cyanides as CN (mg/l) 20 20 10 20 20
8. Total sulphides as S (mg/l) 50 10 1 10 50
9. Total phenols as C6H5OH (mg/l)  50 10 5 150 
10. Total sugars and starches as 

glucose (mg/l) 
1500 Not specified 500 1500 Not specified

11. Oils, greases, waxes and fat (mg/l) 400 Not specified 250 else 50 500 2000
12. Sodium as Na (mg/l) 1000 500 Not specified 500 Not specified

Section C: Metals and inorganic content – maximum concentrations
Group 1 

1. Iron as Fe (mg/l) 50 200 5 20 20
2. Chromium as Cr (mg/l) 10 20 5 20 20
3. Copper as Cu (mg/l) 20 20 5 5 20
4. Zinc as Zn (mg/l) 30 20 5 20 20
Total collective concentration of all metals in Group 1 shall not exceed 50 mg/l

Section C: Metals and inorganic content – maximum concentrations
Group 2 

5. Arsenic as As (mg/l) 5 2.5 5 5 20
6. Boron as B (mg/l) 5 5 5 5 20
7. Lead as Pb (mg/l) 5 10 5 5 5
8. Selenium as Se (mg/l) 5 5 5 5 5
9. Mercury as Hg (mg/l) 5 1 1 5 5 total 10
10. Titanium as Ti (mg/l) 5 20 20 20
11. Cadmium as Cd (mg/l) 5 5 5 20
12. Nickel as Ni (mg/l) 5 10 5 Total 20 20 20 total 50
Total collective concentration of all metals and inorganic constituents in Group 2 shall not exceed 20 mg/l 

 
Section D: Prohibited radioactive materials

Any radioactive wastes or isotopes of such nature or in such concentration as do not meet the requirements laid down by the Council for 
Nuclear Safety referred to in Section 24 of the Nuclear Energy Act (Act 92 of 1982) as amended.  
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4. WATER AND WASTEWATER USAGE  
 
4.1 WASTEWATER TREATMENT OF POTENTIAL RELEASES TO THE ENVIRONMENT 
 
Constituents of concern which are potentially released during metal finishing processes include 
metals, organic material, cyanides, hypochlorite, chlorine, AOX, surfactants, complexing agents, 
acids/alkalis, ions, solvents, dusts and general wastes.  The emission of pollutants in wastewaters and 
the production of waste are considered more significant than emissions to air. 
 
Since most surface treatments by metal deposition are water-based, significant quantities of water are 
used while copious amounts of wastewater are generated.  The most effective method for preventing 
pollutants entering the water environment is in the minimisation of the loss of materials, where these 
materials are lost by drag-out into rinse waters.  Furthermore, wastewater treatment serves to remove 
the constituents of concern before discharge into the surrounding water bodies.  These treatments 
include neutralisation and precipitation, oxidation and reduction, filtration, absorption techniques, 
crystallisation, atmospheric evaporation, vacuum evaporation, electrolysis, ion exchange, 
electodeionisation, acid sorption, membrane filtration, reverse osmosis, diffusion dialysis, membrane 
electrolysis and electrodialysis.  These common techniques are listed in Table 3 below. 
 

Table 3 Typical treatment regimens for effluent treatment 

Treatment type Description of treatment 

Oxidation 

• This is specifically for cyanides 
• Cyanides are oxidised to cyanates or completely 

destroyed using sodium hypochlorite (NaOCl) or calcium 
hypochlorite [Ca(OCl)2] 

• The process is usually batch processing 

Reduction 

• Wastewaters containing hexavalent chrome are treated 
with sodium bisulphate or sodium meta-bisulphate 

• This produces a trivalent chrome compound which is 
treated to produce chromic hydroxide which precipitates 
out as sludge 

Neutralisation and 
precipitation 

• Caustic soda is usually used to produce nickel hydroxide, 
copper hydroxide and sodium sulphate. 

• The hydroxides precipitate out and form sludge 
• The operation is at pH 8.5 to 9.5 so that other metals 

present also react and precipitate out 

Filtration 

• Sand filters are used for cleaning raw water or polishing 
effluents 

• Belt filters or filter presses are used with higher solids 
applications such as wastewater sludges, often in 
conjunction with coagulants 

• The filter medium with the filtrate is usually disposed of as 
a waste 

Absorption techniques 

• Activated carbon is used to adsorb unwanted organic 
substances formed from breakdown products in a solution 

• Activated carbon will also remove a portion of the useful 
organic chemical additives (e.g. brighteners), which will 
need replacing 

• The absorbent material along with the retentate and filter 
medium is usually disposed of as a waste, although 
precious metals may be recovered 

Crystallisation 
• Various evaporation and cooling systems are used to 

bring solutions to a super-saturation point where solid 
crystals form and can be separated from solution 
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Treatment type Description of treatment 

Atmospheric evaporation 

• Atmospheric evaporation occurs when solution are 
heated. It reduces the volume of process solutions and 
allows drag-out to be returned of fresh chemicals to be 
added to the process solution 

• Evaporators are often used with a condenser to recover 
distilled water 

Vacuum evaporation 
• Reduced pressure and elevated temperature combine to 

separate constituents with relatively high volatility from 
constituents with lower volatility 

Electrolysis – plating out  
• Transition metals can be removed from wastewater 

streams by plating out on high surface area electrodes in 
metal recovery cells 

Electrolysis – oxidation 
• It is possible to oxidise both unwanted organic by-

products and metals in solutions, such as trivalent 
chromium to hexavalent chromium 

Ion exchange – resin 

• Ions in solution are selectively removed by exchanging 
positions with resin-functional groups 

• The direct ion exchange treatment of wastewater provides 
a means of concentrating multivalent cations for 
subsequent treatment on column regeneration or by 
plating out. 

• Water from ion exchange can be recycled (Dahl, 1997) 

Electrodeionisation • Ions are removed using conventional ion exchange resins 

Acid (resin) sorption 

• Acid sorption is configured similarly to ion exchange. 
Resins are designed to selectively adsorb mineral acids 
while excluding metal salts (adsorption phase) 

• Purified acid is recovered for re-use when the resin is 
regenerated with water (desorption phase) 

Ion exchange – liquid/liquid 

• Ionic contaminants are removed from process  solutions 
into immiscible primary liquid extraction solutions 

• Secondary liquid extraction solutions are used to remove 
the contaminants and to regenerate the primary extraction 
solution 

• Water from ion exchange can be recycled (Dahl, 1997) 

Membrane filtration 

• Membrane filtration can be used for the purification and 
recirculation of oily water (Dahl, 1997) 

• Various types of membrane filtration exist that are 
dependent on the pore size 

• Microfiltration is a membrane filtration technology that 
uses low applied pressures with pore sizes in the range of 
0.02 to 10 microns, to separate relatively large particles in 
the macromolecular and micro particle size range 

• Ultrafiltration passes ions and rejects macromolecules of 
0.005 to 0.1 microns and removes organics from process 
solutions 

• Nanofiltration is used for larger size rejection reverse 
osmosis (rejects molecule larger than 0.001 to 0.008 
microns) – for partial desalination of rinse water, removal 
of aluminium from pickling baths and concentration of 
chromating chemical in rinse water 

• Purified water can be re-used for the degreasing bath or 
rinsing 
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Treatment type Description of treatment 

Reverse osmosis 

• Reverse osmosis is effectively a filtration of ions through a 
semi-permeable membrane at high pressure which 
desalinates chemically treated wastewater 

• It provides an alternative means of concentrating metal 
impurities for subsequent removal 

• This approach can be capital intensive and any solids or 
organics have to be removed prior to treatment 

• The chemicals from zinc-, chrome- and copper plating 
baths can be re-circulated 

Diffusion dialysis  

• Diffusion dialysis is a membrane separation process that 
typically uses an anionic exchange membrane to transport 
acid anions and protons from waste acid solutions into 
deionised water streams 

• The anions and protons are treated in wastewater 
treatments plants and the acid is recovered 

Membrane electrolysis  

• Membrane electrolysis used one or more ion-selective 
membranes to separate electrolyte solutions within an 
electrolysis cell 

• The membranes are ion-permeable and selective 

Electrodialysis 

• Anions and cations are removed from solutions with an 
applied electric field in cells with alternation anion- and 
cation-permeable membranes 

• Various acids from electrolyte solutions can be recycled 

 
The possible treatment(s), specific to each constituent of concern can now be listed (Table 4). 
 

Table 4 Possible treatment(s) specific to each constituent of concern 

Constituent of concern Possible treatment 

Immiscible organics: 
Non-halogenated (oils, greases, 
solvents) and halogenated (oils, 
degreasing solvents, paint solvents) 

• Reduced to solubility limit by physical separation 
(e.g. flotation) or by liquid/liquid phase 
separation 

• Followed by either air stripping (activated 
carbon) or oxidation to carbon dioxide (using UV 
irradiation and hydrogen peroxide addition) 

Soluble organics: 
Wetting agents, brighteners, organic 
ions and ligands 

• Soluble organics increase the difficulty in 
removing metals by flocculation 

• Concentration may be reduced by oxidation (by 
UV irradiation and hydrogen peroxide addition 

• Dissolved organics increase COD; biological 
treatment may be necessary 

Acids and alkalis 
• pH adjustment is usually required 
• pH may be partially neutralised by mixing with 

other streams 
Particulate material: 
Metal hydroxides, carbonates, 
powders, dusts, film residues, 
metallic particles 

• May be removed by settling or filtration 
• Filtration uses a filter- or belt press to produce a 

cake manageable as a solid 

Metals 

• For soluble anions the capture of precious 
metals for re-use, e.g. platinum, gold, silver, 
rhodium and ruthenium may be achieved by 
electrochemical recovery or ion exchange 

• In some cases it may be necessary to reduce the 
oxidation state of the metal ion as the higher 
oxidation state may not be readily flocculated 
and precipitated by pH change 
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Constituent of concern Possible treatment 

• Multivalent ions are most conveniently removed 
by precipitation and pH adjustment 

Complexing agents: 
Sequestering and chelating agents 

• May be removed by precipitation with the 
predecessor of activated carbon process 

• Microbiological oxidation is also a possibility for 
removal of complexing agents 

Nitrogenous materials: 
Ammonia, Nitrites 

• Ammonia can be removed by steam stripping or 
by oxidation to nitrogen with sodium hypochlorite 

• Nitrites can also be oxidised with sodium 
hypochlorite 

• Note that AOX may be formed when using 
hypochlorite solutions 

Cyanides • Cyanide from degreasing may be oxidised by 
using hypochlorite or chlorine gas at high pH 

Sulphide 
• When in excess sulphide can be precipitated out 

as elemental sulphur on oxidation with hydrogen 
peroxide or iron (III) salts. 

Fluorides • Are readily precipitated out as calcium fluoride at 
a pH above 7 

Phosphated compounds • Precipitated out as calcium hydroxide phosphate 

Other salts 

• Other ions such as Cl-, SO4
2-, K+, Na+ and Ca+ 

• Sulphate can be readily precipitated as calcium 
sulphate 

• Ion exchange, reverse osmosis or evaporation to 
remove other ions 

 
Sludge waste comprised of solid particles suspended in the waste water is produced during metal 
finishing processes in the effluent.  These solids may be removed from the main effluent (called 
sludge dewatering) by precipitation or filtering through a filter press, belt press or centrifuge to produce 
a cake manageable as a solid.  When operating at pressures above 15 bar the final cake can have 15 
to 35% solids.  The filter can then be dried further to lower the water content. 
 
Some waste solutions can be disposed of as liquid or hazardous wastes, or can be recovered or 
recycled.  Examples of wastes that are recovered or recycled include autocatalytic plating, spent 
etchants and sludges from anodising. 
 
Further steps to abate potential releases to the environment include cleaner production initiatives, 
which aim to minimise the use of water and material discharged from the processes.  It is important to 
note, however, that the minimisation of water usage can increase the concentration of dissolved salt 
and various metals, which increases the solubility of metals in the wastewater.  Further, it can become 
difficult to maintain a stable pH in the narrow margins required to minimise the solubility of individual 
metals when dealing with a mixture.  This suggests that when dealing with a mixture of metals it will 
become increasingly difficult to optimise every parameter. 
 
Further cleaner production initiatives can be referenced in the report entitled Source Reduction 
Measures Employed in the Metal Finishing Sector. 
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5. THE RESULTS FROM THE SURVEY 
 
The following sections are based on the feedback obtained from the various facilities who received 
questionnaires as well as physical factory site visits.  It is clear that many facilities are ISO certified or 
striving towards achieving it, this is especially true for ISO 9000 (quality standards) as this certification 
unlocks new sources of revenue with new or existing clients, because of the assurance of a high 
quality products. (For example, the motor industry as they offer up to 7 years warranty on new cars). 
 
The survey of the metal finishing industry resulted in a questionnaire that served as a legislative and a 
cleaner production (CP) checklist.  No company was coerced for visiting, rather they were informed at 
the SAMFA AGM’s of the WRC project and solicited to endeavour to assist the research team.  The 
companies themselves indicated their willingness to participate in the survey.  Regional companies 
were compared and national statistics were aggregated from the provincial data. 
 
The companies replied in the negative for their GIS information to be made public for the purposes of 
this survey and an overwhelming majority wished to remain anonymous, in fact many would only 
participate if their anonymity was guaranteed. 
 

Table 5 A summary of the participating facilities and production lines  

 WC Gauteng KZN Totals 

Facilities 7 7 6 20 

Production lines 24 40 20 84 

 
It was noted that of the 84 production lines investigated nationally only reliable data for 35 production 
lines was accumulated.  This was attributed mainly to inadequate controls on data acquisition. 
 

6. RESOURCE CONSERVATION AND CLEANER PRODUCTION 
 
For the purpose of this study, the main resource considered was water, as it is known to be used 
extensively by the industry for all its rinsing purposes and this does affect the final quality of the 
workpiece being plated.  Cleaner production initiatives were investigated for the industry not just w.r.t. 
water but for the entire plating process.  The questionnaire would serve as a quick reference sheet for 
all internationally accepted CP techniques as well as an indication of important parameters for the 
industry. 
 
It has long been thought that in-house plating shops are better financed, have international 
stakeholders and backing, thus are better equipped, usually ISO certified and have a documented 
system of operation.  This would enable them to lead the way w.r.t. resource conservation and 
implementation of CP techniques, standards and benchmarks.  Thus, it was expected that in-house 
facilities would be better managed and would have adopted various types of CP for their particular 
plating lines. 
 
6.1 THE TYPES OF PLATING SHOPS 
 
The percentage of in-house plating shops to jobshops for the country is shown in Figure 6.  From 
amongst the facilities surveyed, it is seen that a greater percentage of plating shops are jobshops.  . 
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Figure 6 The national ratio of in-house plating facilities to jobshops 

 
Provincially, the percentage of in-house platers is equal to that of the jobshops for Gauteng which is 
the province with the greatest GDP.  A relatively even ratio of the two types of plating shops also exist 
in the WC with no documented facilities that are both in-house and jobshops.  A similar trend for KZN 
as that of Gauteng is noted, which is an equal percentage of plating jobshops to that of in-house 
platers. 
 

 

Figure 7 The provincial ratio of in-house plating shops to jobshops 

 
6.2 THE CERTIFICATION STANDARDS OF THE INDUSTRY 
 
International Standards are increasingly used to homogenise industries so that equivalent articles may 
be sourced worldwide without any variance in quality.  They help to harmonize technical specifications 
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of products and services making industry more efficient and breaking down barriers to international 
trade.  Standards are thought to bring technological, economic and societal benefits.  Thus the 
conformity to International Standards helps reassure consumers that products meet design 
specifications, are safe, efficient and environmentally friendly.  International Standards are strategic 
tools and guidelines to help companies tackle some of the most demanding challenges of modern 
business.  They ensure that business operations are as efficient as possible, increase productivity and 
help company’s access new markets.  Some of the benefits of standards include: 

• Cost savings – Standards help optimise operations and therefore profits 

• Enhanced customer satisfaction – Standards help improve quality, enhance customer 
satisfaction and increase sales 

• Access to new markets – Standards help prevent trade barriers and open up global markets 

• Increased market share – Standards help increase productivity and competitive advantage 

• Environmental benefits – Standards help reduce negative impacts on the environment 
 

 

Figure 8 The percentage of facilities certified nationally and the various standards 

 
From Figure 8 it is seen that a larger percentage of facilities are certified for various standards than 
not certified and of these, the ISO 9000 standard for quality management is most popular, ultimately 
the demand for this certification is customer driven.  Other standards such as ISO 14000 and ISO 
18000 are not in widespread use as the ISO 9000.  Very few facilities have other international 
standards and these were limited to the in-house plating facilities with international stakeholders.  This 
ties in well with the premise that in-house facilities have a greater budget and thus are capable of 
implementing multiple and various certifications. 
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Figure 9 The percentage of certifications provincially 

 
From Figure 9, it is seen that most facilities are not certified in the Western Cape.  From the facilities 
that are certified most (50%) are ISO 9000 certified for quality purposes and none were ISO 18000 
certified, (health and safety).  The facilities that were ISO 14000 (environmental management) certified 
were in-house international facilities which lends credibility to the premise that companies with greater 
financial backing or with international environmentally aware shareholders would usually have 
standards and systems that enhance quality, health and safety as well as protect the environment.  
The companies that have ‘other’ certification are non-ISO international certification equal to or even 
more rigorous than the ISO standards. 
 
In Gauteng the percentage of companies that are ISO certified is greater than that of the Western 
Cape.  ISO 9000 is the industry standard and a few facilities are ISO14000 and ISO 18000 certified.  
Only the in-house facilities were ISO 9000 and a combination of ISO 14000 and/or ISO 18000 
certified. A few jobshops were ISO 9000 certified but none of them had any additional certification. 
 
Similarly, in Kwa-Zulu Natal more facilities are certified for standards, with the majority being ISO 9000 
and a few facilities ISO 14000 and ISO 18000.  Only in-house facilities were ISO 9000 and a 
combination of ISO 14000 and/or ISO 18000 certified.   A few jobshops were ISO 9000 certified but 
none of them had any additional certification. 
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6.3 THE WATER USAGE BY THE INDUSTRY 
 
It is known that the most water used by the industry occurs during the washing and rinsing processes.  
It is an unavoidable part of the plating process and inadequate rinsing directly affects the aesthetics 
and quality of the final product.  It is also known that single rinses are water-use intensive, whilst 2 
stage rinses are better than single stage rinses from a resource aspect.  The 3 stage rinses are the 
ideal compromise for the industry, from a spatial and financial aspect and for the conservation of water 
and achievable product quality. 
 
Table 6 tabulates the effect of the number of rinse stages on the consumption of fresh water by the 
industry.  This table does not allocate the associated costs and special constraints required for the 
installations. 
 

Table 6 The effect of multiple rinses on water consumption 

Water used in rinse stages (l/h) 

1 stage 2 stage 3 stage 4 stage 5 stage 6 stage 

1000 31.6 10 5.62 3.98 3.16 

 

Calculated from  

nn
n

n FDC
CDQ ⋅=⋅= 0

  
Where, 

• n is the number of rinsing stages; 

• Qn is the consumption of fresh rinsing water (volume/time) when using counter-current rinsing 
with n stages; 

• D is the dragout from the cleaning vat (volume/time); 

• Co is the concentration of the constituent in the plating bath (mass/volume); 

• Cn is the concentration of the constituent in the nth rinsing tank that the plating tank can 
tolerate and maintain acceptable product finish (mass/volume); and 

• F is the dilution factor (dimensionless). 
 
Thus, considering cost and spatial constraints the ideal compromise for the industry is 3 stage rinses 
after the process tanks as they most cost effective.  Figure 10 shows the types of rinse tanks used by 
the industry. 
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Figure 10 The various types of rinses used nationally by industry 

 
It is seen that 26% of facilities nationally have a single rinse stage after every process stage.  Where 
facilities have a single rinse stage after some process tanks (24%) implies they have 2 stage rinses or 
3 stage rinses for the other process tanks.  32% of facilities have 2 stage rinses after some process 
tanks.  It is noted that only 3% of facilities surveyed have either a 2 stage or 3 stage rinses after every 
process tank, whilst 12% of facilities have opted for a 3 stage rinse after some sensitive process tanks 
to usually ensure a quality product.  A single stage rinse is still the most popular but these were limited 
to the older plants and where there was a special restraint to investing in multiple stage rinses. 
 

 

Figure 11 The type of rinses used provincially by the industry 
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From Figure 11, it is seen that no facility surveyed in the Western Cape uses a 3 stage rinse and that 
single stage rinses after every process tank was most popular.  It is well known that single stage 
rinses are water-use intensive and this should cause this province to have the worst specific water 
index (SWI) which is confirmed in the latter sections.  This practice had previously been ascribed to 
archaic plants, bad design and/or space limitations.  2 stages rinses after some process tanks are 
more popular than after all process tanks and this is probably due to cost and space limitations.  It was 
also found that these were on lines that required a higher product specification. 
 
For Gauteng, 2 stage and 3 stage rinses are extensively used even though the total cost of water is 
comparable in Gauteng to the other 2 provinces surveyed.  Water cost R12.51/kl in the Western Cape, 
in KZN R14.59/kl and in Gauteng is R13.17/kl for the 2013/2014 financial year.  Thus the change to 
CP initiatives were not directly cost driven but rather some other factor such as improved finish or the 
adoptions of an ISO 14000 standard.  It could also be argued that a multiple stage washing does 
provide a return on investment in that it reduces the volume of water used and hence its cost.  In some 
instances multiple stage washes were not retrofitted but rather included when the plants were 
designed or rebuilt. 
 
In KZN single and 2 stage rinses are still the most popular.  Some facilities use boreholes/river 
abstraction thus the cost of water is less.  The adoption of multiple stage rinses is thus not driven by 
the cost of the resource but rather some other incentive.  It is clear that these facilities in KZN have a 
good understanding of resource conservation as well as CP as the percentage of single stage rinses 
is low. 
 
The province with the worst resource conservation techniques w.r.t. water was the WC as they have 
by far the most single stage rinses after their process tanks. 
 
6.4 RESOURCE MANAGEMENT IN THE INDUSTRY 
 
In order to quantify the resource’s usage efficiency a measure of the usage must be obtained to be 
used as a baseline for further studies.  Water is a valuable resource and the monitoring of its use in 
the industry has to be gauged before any recommendation may be made on its usage.  It is also 
understood that in order to manage a resource it has to be firstly measured. 
 

 

Figure 12 The metering of water used in the plating process nationally 
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The easiest way to monitor the volume of water used is to have flow-meters on the water process 
lines.  If this is not possible then it is required that the documented water used for the entire facility as 
per municipality bill be used to estimate the water consumed in process lines.  Then a portion of this is 
allocated to the plating lines and the remainder to the rest of the facility.  Although inaccurate, it still 
provides a good first estimate for the industry.  The ideal is that each facility should have water flow 
meters on the rinse tanks to measure exactly the volume of water used per rinse tank.  This would 
provide the facility with the ability to troubleshoot excessive water consumption and allow for accurate 
benchmark.  It would also indicate process problems and inadequate surface coatings due to 
inadequate rinsing.  This would also allow them to run the plant as close to design specifications as 
possible and keep the water usage to the theoretical minimum.  From Figure 12 it is seen that 80% of 
the facilities do not measure their water usage and is run using operators gut feel for the final product 
finish.  
 

 

Figure 13 Monitoring of water usage by the industry provincially 

 
Figure 13 shows that very little monitoring of water usage in rinsing lines is utilised by the facilities 
countrywide.  This show that although they consider water to be a commodity, it is not well managed 
as the industry does not know how much water it uses per rinse tank.  This oversight also poses a 
problem with the accuracy of the calculation of an industry wide specific water index (SWI). 
 
6.5 IMPLEMENTATION OF RUDIMENTARY CP TECHNIQUES 
 
Many CP initiatives are available for the industry and as such many are used by the various facilities.  
The techniques singled out for this survey concentrates mostly on water conservation, raw chemicals 
conservation and optimised its usage (to limit water contamination) as well as efficient plant operation 
in line with best international practices.  These are not only limited to low cost solutions but also the 
international standards such as reverse osmosis (RO), de-ionising units (DI) and other membrane 
units. 
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Figure 14 The use of dragout tanks in the industry nationally 

 
Figure 14 graphically shows the national percentage of facilities that use dragout tanks after process 
tanks.  The dragout tank is a rinse tank following a process tank that initially is filled with pure water.  
As the plating line is operated, the dragout rinse tank remains stagnant and its chemical concentration 
increases as more work is processed.  After a period of operation, the solution in the dragout tank 
should be used to replenish the losses to the plating bath.  If sufficient evaporation has taken place, a 
portion of the dragout tank solution can be added directly to the plating tank.  Dragout tanks conserve 
chemical resources as they are not discarded to effluent, rather they are concentrated in the dragout 
tanks and returned to the process tank, saving the facility revenue.  This simple principle is not as 
widespread as would have been thought but is a consequence of antiquated process plants and 
limited space. 
 

 

Figure 15 The use of dragout tanks by the industry provincially 
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From the survey it is seen (Figure 15) that the use of dragout tanks have not proliferated in Gauteng, 
this was confirmed by the site visits as the established businesses did not have adequate space for 
additional tanks.  It could also be that the operators have long duration drip times for workpieces and 
dragout accumulation is very slow. 
 
It is clear that the dragout tanks are used as an initial rinse for plated articles.  The best international 
practise dictates that the dragout solution should be returned to plating tank to decrease fresh plating 
chemical use.   
 

 

Figure 16 The return of dragout to process tanks nationally 

 
The CP technique of returning the dragout solution to process tanks for the entire country is shown in 
Figure 16.  It is seen that a large percentage of dragout is not returned to the process tanks and this is 
considered a bad practise and contrary to international best practice, constitutes a loss in revenue for 
the facility as valuable chemicals are discarded as waste. 
 
Figure 17 shows the provincial breakdown of this practise.  Upon inquiring from some facilities in 
Gauteng, it was confirmed that they had returned dragout solution to plating tanks but they had formed 
the opinion that it adversely affected the quality of the finish.  This is counterintuitive to international 
best practise.  It is advised that the facilities reinvestigate this CP technique as many facilities in KZN 
do return dragout and have not experienced any deterioration in quality of the final product. 
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Figure 17 The return of dragout solution to process tanks provincially 

 
If the use of water is controlled according to Best Available Practices (BAP) then the waste water 
system required for the facility is simplified tremendously.  Efficient effluent treating is not possible 
unless the water flow is effectively controlled.  With controlled flows, the cost of the waste water 
system is greatly reduced and the likelihood of reclaiming rather than sludging the waste is greatly 
increased.  Multiple use rinsing, also called cascade or counterflow rinsing saves a tremendous 
amount of water when used with adequate flow controls. 
 

 

Figure 18 The multiple use of rinse water nationally 

 
This technique of multiple use of rinsewater is an internationally accepted practise and has yet to 
establish a greater foothold in SA as a CP technique and subsequent capital cost savings, as seen in 
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Figure 18.  This is especially true for a proposed new facility as they can plan for the flow of 
workpieces and in the case of existing facilities it may be retrofitted and the practice incorporated. 
 

 

Figure 19 The practise of multiple use of rinse water provincially 

 
From Figure 19, the WC leads the provinces by applying multiple use of rinse waters.  This technique 
saves water as well as vaulable space and thus the facility may have a smaller footprint.  It is possible 
that this techniques works for them as they have single stage rinses which is water-use intensive and 
thus capable of handling the multiple pollutant loads.  It could also be the reason why there are so few 
2 and 3 stage rinses as these reduce the effective water flow, hence increasing the concentration of 
contaminants producing off-specification products. 
 
At the time of this survey there were 2 companies nationally (one in the WC and other in Gauteng) that 
had dual stage membrane/RO treatment for their effluent and subsequent reuse of water.  This low 
number is primarily due to the high cost of the units. 
 
From Table 7 it is seen that many expensive CP options (RO and DI) are available for the industry and 
these are avoided, but the cheaper CP alternatives are likewise not extensively used.  The operators 
of these facilities are knowledgeable on their process as 45% nationally surveyed acknowledged that 
they did not see any CP initiatives that they were unaware of.  This clearly indicates that there is an 
underlying barrier preventing the implementation of these techniques.  It may be argued that these 
could be financial, space limitations or expertise for the adopted measures. 
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Table 7 Additional best practise CP measures used by the industry  

CP measure Western Cape 
(%) 

Gauteng (%) KZN (%) Nationally 
(%) 

Combining of pre-dip tank with 
drag out tank so that drag in = 
drag out 

0 0 0 0 

Reverse Osmosis units installed 
on rinses (e.g. nickel) for direct 
recovery of water and process 
solution 

0 0 0 0 

DI Units for the removal of metal 
ions from rinses so that water 
may be reused. 

14.29 0 0 5 

Acid extender chemicals used in 
pickles so that metals can be 
filtered out of the pickles 

0 0 16.67 5 

Ultra-filtration on hot soak 
cleaners for oil and sludge 
removal to extend tank life 

0 0 0 0 

Oil skimming apparatus 
included in soak or electrolytic 
cleaners (e.g. belt or wheel 
technology) 

0 0 16.67 5 

Oil skimmer compartments as 
part of the hot soak cleaner tank 
system. 

0 0 33.33 10 

Control of withdrawal speed of 
auto carriers to a slow rate to 
minimise carryover of solution 
on components 

0 14.29 33.33 15 

Jig design to maximise drip off 
time and drainage 28.57 14.29 50 30 

Jigs coated with proper resins to 
ensure that coating goes only 
onto the parts. 

28.57 14.29 83.33 40 

Lip extraction systems that are 
able catch aerosols for  return to 
the tank as solution 

0 14.29 16.67 10 

The installation of hanging rails 
above manual process tanks to 
facilitate adequate drip off 

0 14.29 0 5 

Drip Guards between tanks so 
that dripping from jigs moving 
overhead is guided to tanks 

14.29 0 66.67 25 

Electrolytic Recovery of Metals 
from spent solutions for re-use 
in the plant 

0 0 0 0 

Did you notice any CP* options 
that you were unaware of, or 
had not considered before? 

57.14 57.14 16.67 45 
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7. CHEMICALS AND PRODUCT MANAGEMENT 
 
In order to gauge the efficacy of the industry w.r.t. its chemicals usage and product management, the 
questionnaire addressed this and was a template for a Chemical Management Action Plan (CMAP) 
which is compulsory for any company in the Western Cape.  This was accomplished by addressing the 
quantity of reagents and chemicals as well as the subsequent disposal of effluent and sludge 
generated by the industry. 
 
A certificate of analysis (CoA) is defined as an authenticated document issued by an appropriate 
authority and certifies the quality and purity of pharmaceuticals, and animal and plant products being 
exported. 
 

 

Figure 20 The prevalence of the use of CoA by the industry nationally 

 
It is good practice for the facility to purchase chemicals from a supplier that supplies a certificate of 
analysis (CoA) so that quality of the product is matched to the theoretical quality predicted by the 
stoichiometry of the reactions.  It is noted that 55% of facilities demand CoA’s but 59% are ISO 9000 
compliant but this is plausible as they could be doing their own analysis. 
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Figure 21 The prevalence of use of a CoA in the industry 

 
It is seen that on average the industry (Figure 21 and Figure 20) does demand CoA from its suppliers 
but the prevalence of this practice should be increased as it would help with tracing the causes of off-
specification products, auditing purposes as well as accurate certification. 
 
From a safety aspect it is pertinent that all chemicals on site have a materials safety and data sheet 
(MSDS) that lists amongst others the chemical structure, hazards and emergency 1st aid in case of 
exposure.  Figure 22 shows that the use of MSDS’s are widespread but this practice should be at 
100% and be part of the safety manual and standards that every worker should have access too.  
 

 

Figure 22 The national prevalence of a MSDS for chemicals by the industry in SA 
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For this industry many facilities do not have purpose built laboratories to do their chemical testing and 
analysis of their process tanks and other chemicals and are thus dependent on their chemical vendors 
for this purpose. 
 

 

Figure 23 The national reliance on vendors for chemical analysis in SA 

 
Figure 23 shows that a greater number of facilities do not have laboratories or do not have the 
expertise to analyse underlying chemical reactions in the plating industry.  Thus, many facilities are 
entirely dependent on their chemical vendors for analysis of their tanks and baths. 
 
Table 8 shows the questionnaire and answers for the current chemical management practices within 
in the industry.  This questionnaire would also serve as a Chemical Management Action Plan (CMAP) 
for facilities operation within the Cape Metropole, where a CMAP is compulsory. 

 

Table 8 Chemical management practices within the industry 

Chemical management 
practice 

Western Cape 
Yes (%) 

Gauteng          
Yes (%) 

KZN              
Yes (%) 

Nationally        
Yes (%) 

Do you have Material 
Safety Data Sheets 
[MSDS] for all products 
used? 

71.4 71.4 83.3 75 

Do you demand 
Certificates of Analysis 
for chemical raw 
materials purchased? 

57.1 57.1 50 55 

Do you have raw 
materials in stores that 
are unusable for one or 
another reason?   

0 28.6 33.3 20 

Do you have a system in 
place to safely dispose of 
unusable products? 

85.7 71.4 83.3 80 

Do you have any 
certificates of Safe 

85.7 57.1 83.3 75 
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Disposal on file? 
Do you have separate 
stores to keep 
incompatible chemicals 
apart? 

71.4 57.1 50 60 

Do you work with any 
flammable solvents? 

71.4 57.1 50 60 

Do you have an approved 
solvents store? 

57.1 57.1 50 55 

Do you have any purpose 
built stores to house 
hazardous chemicals? 

57.1 57.1 83.3 65 

If you are in the Western 
Cape do you have a 
Metro approved CMAP* 
in place? 

57.1 N/A N/A N/A 

Process tanks chemical management
Do you perform some of 
your chemical analysis 
using in-house facilities? 

57.1 28.6 66.7 50 

Do you rely on supply 
houses to look after your 
analysis? 

85.7 57.1 83.3 75 

Do you maintain a file of 
chemical analysis reports 
for all process tanks? 

100 71.4 83.3 85 

Do you use automatic 
chemical dosing units in 
process tanks? 

71.4 71.4 50 65 

Do you use automatic 
dosing in some process 
tanks 

14.3 14.3 33.3 20 

Do you have 
contaminated unusable 
plating/process solutions 
on your site? 

14.3 28.6 50 30 

Do you agree that 
disposal of contaminated 
solutions is an expensive 
exercise? 

85.7 71.4 66.7 75 

Does a contractor 
immediately dispose of 
process solutions that 
become unusable? 

42.9 28.6 16.7 30 

Do you store them to 
treat yourselves 

0 14.3 33.3 15 

Do you store for the 
contractor 

28.6 28.6 16.7 25 

Do you treat it 
immediately yourselves 

42.9 28.6 16.7 30 

Sludge management
Does your rinse water 
flow directly to the sewer 
without treatment? 

14.3 14.3 0 10 

Do you operate a well-
designed effluent 
treatment plant that 
caters for all discharges? 

71.4 57.1 83.3 70 

Is your plant home built 
42.9 0 66.7 35 
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Is it partially home built 
57.1 42.9 16.7 40 

Is it a turnkey product 
0 42.9 0 15 

Which of the following 
operations are included in 
your waste treatment 
system  
Neutralise and settle 

71.4 57.1 83.3 70 

Membrane technologies 
0 0 0 0 

Cyanide oxide 
28.6 42.9 16.7 30 

Chrome 6 reduction 
0 14.3 16.7 10 

Sludge consolidation 
57.1 42.9 50 50 

Bag filters 
0 0 16.7 5 

Filter press 
28.6 42.9 50 40 

Other 
0 28.6 0 10 

Are you recycling the 
treated water from the 
effluent plant for reuse? 

0 14.3 0 5 

Do you make use of a 
certified waste removal 
contractor? 

28.6 57.1 83.3 75 

 
It is noted that in the WC and Gauteng there are facilities that discharge directly to the sewage system 
without prior treatment.  This places an additional burden on the municipal waste water treatment plant 
(MWWTP) of the catchment. 
 
Very few facilities nationally (5%) are recycling treated effluent for re-use on their process lines. This is 
an indictment on the cost of the RO units and technology used to perform this. 
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8. THE UTILITIES COSTING FOR THE INDUSTRY 
 
It had been speculated that the increasing cost of utilities would drive the introduction of CP measures 
and allow the facilities to remain economically competitive.  At first glance it is seen that the cost of 
water is considered a running expense and little thought is given to reducing its volume or its reuse 
within the process. 
 

 

Figure 24 The monitoring of water usage by the industry nationally 

 
It is good business practice that a facility knows the cost of its raw materials so that it can accurately 
determine a manufacturing cost and hence the overall profit per unit.  It is for this reason they should 
keep a separate account of the water used in the processing to the rest of the facility.  Figure 24 
shows a bleak picture as only 16% of the industry knows at any one time how much water they are 
using for metal finishing.  This valuable resource of water is seen as mere utility, not accurately 
measured and the uptake of CP initiatives to reduce its use or to recycle is limited.  Even if the facility 
could estimate how much water is used in the plating lines it still does not know by how much it can 
reduce it to still meet a quality specified product per least volume of water.  Effective measurement is 
paramount before changes can be implemented.  At best the industry estimates that between 50-95% 
of the overall water is used by the plating process lines. 
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Figure 25 The provincial monitoring of water usage by the industry 

 
A greater majority of the facilities do not know how much water is used in the plating lines.  They do 
know how much the entire facility uses but cannot accurately differentiate between the plant and non-
plant operations.   
 
Every facility that is connected to the municipality sewage system should be monitored monthly for 
discharge compliance by the legislated municipality and collect effluent samples, but this was not the 
case and a few facilities were not monitored at all.   
 
It is noted that not all the facilities are effluent compliant and that their waste water treatment plants 
(WWTP) are not all functioning satisfactorily.  Historically, when the facility was built the plant worked 
well and the effluent was compliant but as the facility expanded and plating lines increased the WWTP 
did not keep up with the growth of the plant.  It is thus currently operating over-capacity and cannot 
produce a compliant effluent.  This could be due to an oversight, financial or space limitation.  This 
oversight need to be addressed as a matter of urgency within the industry.  The option of treating the 
effluent further and recycling water back to the plant is a viable option as a form of pseudo-CP.  This 
could be effected with RO units or some novel new approach.  Other new technologies that may be 
considered are: 

1. Siemens membrane technology followed by RO treatment 
2. Electro Chemical technology with metalliferous electrodes which liberate highly active ionic 

species that precipitate/immobilize complexes followed by RO. 
3. Vacuum distillation technology that allows reliable and effective processing of industrial waste 

water in one process step. 
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Figure 26 The past year’s effluent non-compliance by the industry in SA 

 
Of those that were sampled very few in KZN were compliant for the past year (2013) when they were 
sampled.  The Western Cape had the best compliance, but it was also the province with the most 
facilities that were not being sampled so the 100% compliance is somewhat misleading.  It is also the 
province with the greatest water usage and hence could be complying due to dilution of their effluent.  
A definitive statement regarding non-compliance can, however, only be made once the data obtained 
from the survey is combined with information from the local municipalities. 
 

 

Figure 27 The incidences of effluent non-compliance by the industry in 2013 

 
Figure 26 and 27 show the average for effluent non-compliance for the past year (2013) and these 
were categorised as heavy metals, high pH, high TDS, conductivity and high Cr(vi) in the effluent.  
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This figure shows that the vast majority (69%) of facilities comply with the effluent by-laws of their 
provinces with the exception of KZN as it had the most infringements.  It was seen that the effluent 
non-compliance was not attributed to regular running operations of the facility but rather special 
circumstances such as an inefficient WWTP, spills and dumps that got entrained in the effluent. 
 
Table 9 shows the utilities used by the industry and their related costs.  Industry has been enjoying a 
reduced cost for electricity but the current electricity crisis in SA is bound to change this and 
alternatives to electricity will have to be considered especially in the form of gas, heat pumps or solar 
energy for heating.  The cost of water varies with province and the WC has the highest cost per 
kilolitre and facilities located there would benefit from implementing CP that saves water. 
 

Table 9 Cost of utilities for the industry 

Utility Western Cape 
(R/unit) 

Gauteng (R/unit) KZN (R/unit) 

Water including sewage surcharge 12.51 13.17 14.59 

Electricity 0.98 1.12 1 

 
As is the case with water, the industry does not accurately know how much electricity they are using 
for their plating lines.  The primary source of heating for the process bath is electric heaters.  Currently 
only one facility uses an alternative energy source (burning paraffin/diesel to generate steam) and 
benefits tremendously from the reduction in cost. 
 

 

Figure 28 Effluent discharge permits for SA 

 
The industry needs to become more legislatively compliant nationally as almost a third of facilities 
surveyed are operating without having effluent discharge permits. 
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Figure 29 Facilities with an effluent discharge permit 

 
Figure 24 shows that there is some non-compliance as to the discharge permit, with the greatest 
percentage in the Western Cape.  This has to be ratified as a matter of urgency. 
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9. THE DEVELOPMENT OF A SWI FOR THE INDUSTRY 
 
In order to accurately compare the water consumption of different facilities, a specific water intake 
(SWI) should be standardised.  This would allow the comparison of water/area of workpiece 
processed between different plating facilities.  The greater majority of the facilities visited (and others 
in the industry) do not accurately know the area processed at any time.  This presents a complication 
and it is thus supposed that a SWI could be calculated from the deposition thickness and mass of 
anodes and metal bearing compounds used, assuming the facility measures its water use.  It was 
previously highlighted that the majority of the facilities surveyed do not measure the volume of water 
used in the processing part of their plants but have the municipal records for the entire facility.   The 
facilities were thus requested to proportion a percentage of their total volume of water used to that 
used by the process lines.  Thereby a SWI could be deduced. 
 
An example is a facility that used 1000 kl of water for the month and plates zinc from an alkaline non 
cyanide solution to a thickness of 20 microns and used 100kg of zinc anodes for the same time period. 
 
The density of zinc is 7.135 g/ml per 1 m2 plated 
Or 71.35 mg/micron per dm2 plated = 7.135 g/micron per m2 
Thus, for a thickness of 20 microns we have 142.7 grams Zinc per m2 (100 dm2=1 m2) 
Therefore, for 100kg of Zn it implies 701 m2 was plated 
The facility assumed 80% of their water is used in plating (800kl/month or 800 m3) 
Therefore a SWI for this facility is 800/701 m3/m2 or 1.14 m3/m2 for this facility.  This means that this 
facility uses 1140l per m2 of workpiece plated. 
This SWI relies on the facility to provide an assumption of how much water is used in the plating line. 
 
On the basis of these calculations various facilities may be directly compared and discrepancies within 
the process may be highlighted for the benefit of the industry. 
 
9.1 THE SWI FOR THE ELECTROPLATING INDUSTRY 
 
A total of 84 plating lines were visited but only data for 35 plating lines was collected and verified.  The 
35 lines surveyed varied from in-house to job shops, many of them having multiple process lines 
plating various metals.  Many facilities have to meet quality and customer’s specifications and this was 
the focus of their business and water usage was of a secondary importance.  They usually have 
multiple stages to produce higher quality product and subsequently have more rinse stages.  This is 
especially true for in-house facilities.  At first glance, it would seem that the SWI should not apply but a 
company that plates 5 microns has a greater throughput volume as well as having a greater dragout 
into the rinse tanks thereby requiring a greater volumetric flow rate of water.  A facility that plates 
thicker deposits will have a slower moving process line with fewer stops in the dragout and rinse tanks 
thus requiring lower flow rates.    Unless the rinse tanks have flow controls on them to match the 
plating rate it is not possible to achieve the optimum SWI for the line. 
 
International benchmarks for water usage are:  

• a cleaned effluent discharge of 50 l/m2 of treated surface area and with effluent containing 
less than 0.1% of the metal used (BREF, 2006) 

• an industry benchmark of about 40 l/m2 (BREF, 2006)  

• A maximum of 8 l/m2 at each rinse stage. This equates to 40 l/m2 with five rinse stages. is met 
by approximately 80% of French surface treatment companies where the volume of treatment 
vats is greater than 10 m3 (BREF, 2006) 

 
Figure 30 shows the calculated SWI based on the input from the facilities.  It is evident that some data 
provided had not been quality checked and produced results outside the expected.  The figure shows 
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the provincial variation to elucidate that no real variation by province exists.  From the figure, it is seen 
that a few data points are excessively high and in Table 10 these high values are addressed.   
 

 
Figure 30 The SWI for the industry 

 
Upon revisiting some of the facilities exhibiting excessive SWI’s it was ascertained that it was mostly 
due to incorrect data and they were subsequently removed from the data pool for further calculations.  
This data is shown in Table 10 as well as the reason why it was discarded. 
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Table 10 The calculated SWI for the industry based on data collected in the survey 

Line number Province SWI 
(l/m2) 

Used for 
SWI 

Notes 

1 Gauteng 4.76   
2 Gauteng 28.54   
3 Gauteng 7.88   
4 Gauteng 31.54   
5 Gauteng 872.48 No This facility acknowledges it uses excessive water to meet product 

standard.  It has currently embarked on a process to recycle 100% of its 
water and become a 0% water discharger 

6 Gauteng 8717.31 No 
7 Gauteng 886.67 No 
8 Gauteng 1197.86 No 
9 Gauteng 4.23   

10 Gauteng 14.01   
11 Gauteng 8.33   
12 Gauteng 8.33   
13 Gauteng 4.45   
14 Gauteng 14.02   
15 Gauteng 22.27   
16 Gauteng 89.29   
17 Gauteng 80.00 No Powder coater. It cannot be directly compared to an electroplater 
18 Gauteng 16.86   
19 Gauteng 

399.57 
 This facility acknowledges it uses excessive water to dilute to meet effluent 

standards. This is currently being rectified. 
Provincial 
average 

 
653.07 

  

Corrected 
average 

 
46.72 

  

20 KZN 9.50   
21 KZN 8.48   
22 KZN 56.60   
23 KZN 56.60   
24 KZN 31.35   
25 KZN 23.52   
26 KZN 635.29 No Small operation, suspect a data error 
27 KZN 801.96 No Minimal data supplied, suspect an error 

Provincial 
average 

 
202.91 

  

Corrected 
average 

 
31.01 

  

28 WC 3000.00 No Minimal data supplied, suspect an error 
29 WC 262.58  Large operation.  Installing RO to recycle water 
30 WC 307.23   
31 WC 105.49   
32 WC 331.46   
33 WC 165.81   
34 WC 636.49 No Suspect bad data 
35 WC 71.34   

Average  610.05   
Corrected 
average 

 
207.32 

  

     
National 
average 

 
488.68 

  

Corrected 
National 
average 

 

95.02 
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Once the data had been quality controlled Figure 31 was produced.  It shows that many facilities are 
below the international plating benchmark of 40l/m2 for a SWI.  The Western Cape was the lowest 
performing province and had the highest SWI at an average of 207 l/m2 plated workpiece.  The 
national average is 95 l/m2 per plated workpiece.  This shows that a high SWI could be attributed to 
the use of single rinse stage within the WC as they have the most facilities that have single rinses after 
process tanks and thus use the most water.  This excessive water could further serve to dilute their 
effluent and subsequently meets their effluent discharge limits. 
 

 

Figure 31 The SWI for the industry with erroneous data removed 

 
In reconciling the calculated low SWI and CP techniques used by the industry the following table 
resulted, based on the completed questionnaire of the survey.   
 

Table 11 Commonly used CP methods used to ensure low SWI values in facilities 

Province SWI (l/m2) Possible reasons for the low SWI 

Gauteng 4.23 2 and 3 stage rinses after some tanks 
Gauteng 14.01 2 and 3 stage rinses after some tanks 
Gauteng 8.33 2 and 3 stage rinses after some tanks 
Gauteng 8.33 2 and 3 stage rinses after some tanks 
Gauteng 4.45 2 and 3 stage rinses after some tanks 
Gauteng 14.02 2 and 3 stage rinses after some tanks and multiple use of rinsewater 
Gauteng 22.3 2 and 3 stage rinses after some tanks and multiple use of rinsewater 
Gauteng 89.3 2 and 3 stage rinses after some tanks and multiple use of rinsewater 
Gauteng 16.86* 2 stage rinses after some tanks and multiple use of rinsewater 
Gauteng 399.57* 2 stage rinses after some tanks and multiple use of rinsewater 
KZN 9.50 2 stage rinses, dragout tanks, return of dragout, multiple use of 

rinsewater and semi-automatic rinse management 
KZN 56.6 2 and 3 stage rinses after some tanks and multiple use of rinsewater 
KZN 56.6 2 and 3 stage rinses after some tanks and multiple use of rinsewater 
KZN 31.4 2 and 3 stage rinses after some tanks and multiple use of rinsewater 
KZN 23.5 2 and 3 stage rinses after some tanks and multiple use of rinsewater 
KZN 8.48 2 stage rinses, dragout tanks, return of dragout 
WC 105.5 2 stage rinses and multiple use of rinsewater 
WC 262.6 2 stage rinses after all tanks and multiple use of rinsewater 
* This facility acknowledged the use of excess water to dilute effluent to meet legislation 
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Binnie in 1987 found a SWI for the electroplating industry ranging from 0.03 m3/m2 to 1.29 m3/m2 with 
a mean of 0.31 m3/m2.  This study found an industry range of 0.00423 m3/m2 to 0.399 m3/m2 and 
average of 0.095 m3/m2.  This shows a significant change within the industry w.r.t water usage as it 
has decreased on average threefold from the 1987 survey. 
 
Table 12 SWI comparisons from 1987 to 2014 

Time period Range of SWI (l/m2) Mean (l/m2) 

Binnie 1987 30-1290  310  

This study 4.23-399.57 95.02  
This table excludes the off-spec data 

 
From Table 12, it is seen that the industry had improved tremendously and consumes less water today 
than it had in the 1980’s.  It is also seen that many facilities are below the international benchmark of 
40 l/m2 with the majority in Gauteng and KZN.  No facility surveyed in WC meets this criterion. 
 

 
Figure 32 SWI comparison to plating thickness 

 
From Figure 32, it is seen that for increasing plating thicknesses the SWI does not vary by much and 
the possible variations could be explained by various rinse water flow rates used in the different 
facilities, could be an operator error or that no water flow control procedures are followed.  It is clear 
from the figure that the majority of operations have similar SWI’s irrespective of the surface area 
plated.  The SWI is not affected by provincial location and thus various facilities SWI’s may be 
compared directly. 
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10. CLEANER PRODUCTION SURVEY OF THE MAJOR SUPPLIERS OF 
CHEMICALS AND EQUIPMENT 

 
To gain an alternative perspective on the implementation of CP measures in the industry a smaller 
survey with the vendors of metal finishing plant and chemicals was also undertaken.  This survey 
covered 6 suppliers, 3 from Gauteng, 1 each from the Western Cape and KwaZulu-Natal and a 
national supplier.  It should be noted that the suppliers estimate the size of the industry between 200 
to 300 factories while the official SAMFA subscription is in the order of 100 with an estimated 70% 
being actual platers.  The major findings from this survey are as follows, where the percentage refers 
to the percentage of the total number of factories (200-300): 
 

• Zinc plated solutions that are still cyanide based     = 63% 

• Post zinc plating passivation treatments that are still Cr (VI) based = 70% 

• Operating Cr (III) plating plants      = 0% 

• Alkaline non-cyanide copper plants     = 0.5% 

• Recovering solution from plating tanks     = 36% 

• Most popular rinse configuration following the plating tanks: 

•   Single    = 75% 

•   Dual counterflow rinses  = 22% 

•   Triple counterflow rinses = 3% 
 
The vendors who formed part of this survey are the most popular suppliers in South Africa and 
between them they have the majority share of the market.   
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11. DISCUSSION 
 
A reliable estimate of the number of metal finishing installations in SA is extremely difficult to establish.  
This estimate is made more difficult as a considerable amount of metal finishing work is performed in-
house as an essential part of an overall manufacturing activity and the remainder of the metal finishing 
work is undertaken on a contract basis by specialist companies or jobshops. 
 
A questionnaire to suppliers that service the electroplating industry revealed that these vendors 
estimate that there are about 300 plating shops including in-house and job shops in South Africa 
today, contrary to what can be inferred from sampling undertaken by the municipalities and from the 
SAMFA membership.  
 
Having partnered with SAMFA it was easy to obtain the facilities buy-in to the survey and overall 
project, in fact at the provincial AGM’s the SAMFA members were in favour of the survey.  Even so, it 
soon dawned that this type survey remains a daunting task as all the facilities were very busy in this 
current uncertain economic climate and their priorities were the success of the business firstly then, if 
time allowed, would the facility assist with the gathering of the relevant information required. 
 
Many site visits were completed and questionnaires were delivered to the authorised personnel at the 
relevant sites.  Since many of these facilities did not have the data to complete a comprehensive 
questionnaire, a ‘lite’ version of the questionnaires was also circulated.  This ‘lite’ version of the 
questionnaire enabled the project team to collect the minimum amount of data necessary to calculate 
an SWI for the facility. 
 
Many businesses feel that government is failing them with relaxed imports, stringent labour laws etc. 
and the exposed corruption within government compounds these feelings.  They thus had a great deal 
of indifference for the study and sew it only as a quest from government to increase the water tariff.  
The aforementioned, compounded with a weak rand and uncertain future the facilities are more 
interested in securing their next contract rather than completing a survey that could count against 
them in the near future. 
 
It is noted that many facilities are equivalent to their international counterparts not just in quality 
standards but also with respect to achievable benchmarks relating to SWIs.  These achievements 
were usually met by the bigger players in the industry i.e. those that were subsidiaries of international 
companies or those that supplied goods at international standards.  For many of the smaller facilities it 
was a case of using utilities and paying for it, passing the cost of it onto the customer.  In many 
instances the major utility bill was electricity as it is used extensively for heating of process baths. 
 
From amongst the facilities surveyed, it is seen that a greater percentage of plating shops are job 
shops.  This is borne out by information from our vendors who volunteered that as many as 70% of 
electroplating shops were in fact job shops.  The percentage of all plating facilities that can be 
classified as jobshops can thus be assumed to be between 53% and 70% 

 

International Standards are strategic tools and guidelines to help companies tackle some of the most 
demanding challenges of modern business.  They ensure that business operations are as efficient as 
possible, increase productivity and help company’s access new markets.  The ISO 9000 standard for 
quality management is most popular and ultimately the demand for it is customer driven.  Other 
standards such as ISO 14000 and ISO 18000 are not as popular.  Very few facilities have other 
international standards but these are limited to the in-house plating facilities.  This ties in well with the 
premise that in-house facilities have a greater budget and thus are capable of implementing multiple 
and various certification. 
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In the WC it is seen that 26% of facilities surveyed have a single rinse stage after every process stage 
but these were limited to the older plants and where there was a spatial restraint to investing in 
multiple stage rinses.  This caused the WC to have the worst SWI.  For Gauteng, 2 stage and 3 stage 
rinses are extensively used even though the total cost of water (water plus industrial surcharge) is less 
in Gauteng than the other 2 provinces.  Thus the change to CP initiative was not directly cost driven 
but rather some other factor such as improved finish or the adoptions of an ISO 14000 standard.  It 
could also be argued that a multiple stage washing does provide a return in that it reduces the volume 
of water used and hence the cost.  In KZN single and 2 stage rinses are still the most popular.  Some 
facilities use boreholes/river abstraction thus the cost of water is less.     
 
Figure 13 shows that very little monitoring of water usage in rinsing lines is instituted by the facilities 
countrywide.  This shows that although they consider water to be a commodity, it is not well managed 
as the industry does not know how much water it uses per rinse tank.  This oversight also poses a 
slight problem with the calculation of an industry wide specific water index (SWI). 
 
The industry uses dragout tanks following plating tanks as an initial rinse for plated articles.  The best 
international practice dictates that the dragout solution should be returned back to the plating tank to 
decrease fresh plating chemical use.  It is seen that a large percentage of dragout is not returned to 
the process tanks and this is considered poor practice and contrary to international findings, 
constituting a loss in revenue for the facility as valuable chemicals are discarded.  Upon inquiring from 
the facilities as to this practice, it was confirmed that they had returned dragout solution to plating 
tanks but they perceived that it had adversely affected the quality of the finish.  It is advised that the 
facilities reinvestigate this CP technique as many facilities do return dragout and have not experienced 
any deterioration in quality of the final product.   
 
The technique of multiple use of rinse water is an international practice that has yet to establish a 
greater foothold in SA as a CP technique and capital cost saving, as seen in Figure 18.  This is 
especially true for a proposed new facility as they can plan better for the flow of articles and in the 
case of existing facilities it may be retrofitted 
 
At the time of this survey there were 2 companies nationally (one in the WC and other in Gauteng) that 
had RO treatment for its effluent and subsequent reuse of water.  This low number is primarily due to 
the high cost of the units. 
 
45% of the facilities surveyed nationally acknowledged that they did not see any CP initiatives on the 
questionnaire that they were unaware of.  This clearly indicates that there is another underlying barrier 
preventing the implementation of these techniques.  It may be argued that these could be financial, 
space limitations or expertise for the adopted measures.  
 
It is good practice for the facility to purchase chemicals from a supplier that supplies a certificate of 
analysis (CoA) so that quality of the product is matched to the theoretical quality predicted by the 
stoichiometry of the reactions.  It is odd that 55% of facilities have CoA’s but 59% are ISO 9000 
compliant but this is plausible as they could be doing their own analysis.   It is seen that on average 
the industry (Figure 21 and Figure 20) does demand CoA from its suppliers but the prevalence of this 
practice should be increased as it would help with tracing the cause of off-specification products, 
auditing purposes and accurate certification. 
 
The use MSDS’s is widespread but this practice should be at 100% and be part of the safety manual 
and standards that every worker should have access too.  A greater number of facilities do not have 
laboratories or do not have the expertise to analyse underlying chemical reactions in the plating 
industry.  Thus, many facilities are entirely dependent on their chemical vendors for analysis of their 
tanks and baths. 
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In the WC and Gauteng there are facilities that discharge directly to the sewage system without prior 
treatment.  This places an additional burden on the MWWTP of the catchment.  Very few facilities 
nationally (5%) are recycling treated effluent to be used as makeup water or process water.  This is an 
indication of the relatively high cost of the RO units and technology used to perform this. 
 
A greater majority of the facilities do not know how much water is used in the plating lines.  They do 
know how much the entire facility uses but cannot accurately differentiate between the plant and non-
plant operations.  Even if the facility could estimate how much water is used in the plating lines it still 
does not know by how much it can reduce it to still meet a quality specified product per least volume of 
water.  Effective measurement is paramount before changes can be implemented. 
 
Every facility that is connected to the municipality sewage system should be monitored monthly for 
discharge compliance by the legislated municipality and collect effluent samples, but this was not the 
case and a few facilities were not monitored.  The vast majority (69%) of facilities comply with the 
effluent by-laws of their provinces.  Infringements generally are not attributed to regular running 
operations of the facility but rather special circumstances such as an inefficient WWTP or spills and 
dumps that got entrained in the effluent.   
 
The industry has been enjoying a reduced cost for electricity but the current electricity crisis in SA is 
bound to change this and alternatives to electricity will have to be considered especially in the form of 
gas, heat pumps or solar for heating of process tanks.  The cost of water varies with province and the 
WC has the highest cost per kilolitre and facilities located there would benefit from implementing CP 
that saves water.  Currently only one facility uses an alternative and benefits tremendously from the 
reduction in cost. 
 
Observations from the sample study are that some operators in the industry need to pay more 
attention to relevant legislation as it is clear that there are operations that are clearly in breach of their 
obligations. 
 
For increasing plating thicknesses the SWI does not vary by much and the possible variations could 
be explained by various rinse water flow rates considered necessary in the different facilities or could 
be due to operator error or that no water flow control procedures are followed.  Thus the calculated 
SWI’s are independent of plating thickness. 
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12. CONCLUSIONS 
 
Based on the survey results and the preceding discussion, the following conclusions can be drawn.  
 

• A reliable estimate of the number of metal finishing installations in SA is extremely difficult to 
establish.  This estimate is made more difficult as metal finishing work is performed in-house 
as an essential part of an overall manufacturing activity and the remainder of the metal 
finishing work is undertaken on a contract basis by specialist companies or job shops.  If metal 
finishing companies are not listed with SAMFA or are not sampled by a municipality then it is 
possible to operate undetected, because of the unregulated access to plating chemicals.    
 

• The results from the survey show that there are more job shops than in-house plating facilities 
nationally with greater than 57% certified for ISO standards (quality, environment, health and 
safety) as well as other international standards.  The majority (59%) of facilities are ISO 9000 
certified for quality.  Since the in-house facilities typically have access to bigger budgets they 
are normally more compliant in all respects.  Jobshops on the other hand are reliant on 
smaller work orders and will not necessarily invest capital in non-revenue generating 
procedures, irrespective whether these may reflect responsible operation. 
  

• Many facilities are equivalent to their international counterparts not just in quality standards 
but also with respect to achievable benchmarks relating to SWIs.  These achievements were 
usually met by the bigger players in the industry i.e. those that were subsidiaries of 
international companies or those that supplied goods at international standards.   
 

• It is seen that 26% of facilities have a single rinse stage after every process stage.  A single 
stage rinse is still popular, but these were limited to the older plants and where there was a 
special restraint to investing in multiple stage rinses.  Notwithstanding the space constraints, 
dual counterflow rinsing results in significant savings in water consumption and has to be 
included as a minimum.   
 

• For Gauteng, 2 stage and 3 stage rinses are extensively used even though the total cost of 
water (water plus industrial surcharge) is less in Gauteng than the other 2 provinces.  It is 
R12.51/kl in the Western Cape, KZN is R14.59/kl and Gauteng is R13.17/kl.  Thus the change 
to this CP initiative was not entirely cost driven but rather some other factor such as improved 
finish or the adoption of an ISO 14000 standard.  
  

• It is noted that not all the facilities are effluent compliant and that their WWTP are not all 
functioning satisfactorily.  The option of treating the effluent further and recycle water back to 
the plant is a viable option as a form of pseudo-CP.  This could be effected with RO units or 
some novel new approach.   
 

• The industry uses dragout tanks as an initial rinse for plated articles.  The best international 
practise dictates that the dragout solution should be returned to plating tank to decrease fresh 
plating chemical use.  It is seen that a large percentage of dragout is not returned to the 
process tanks and this is considered poor practice and contrary to international findings, 
constituting a loss in revenue for the facility as valuable chemicals are discarded.  The fact 
that several companies are implementing the initiative successfully indicates that it is not 
detrimental to the quality of the final product if managed judiciously.   
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13. RECOMMENDATIONS 
 

• Legislation should be enacted that obliges any one operating in the metal finishing industry 
(and any other industry using chemicals that may end up in the environment) to apply for a 
certificate, without which, they may not make purchases of any industrial chemical product. 
This will provide a mechanism for the quantification of the size of any industry using 
chemicals. 

 

• Legislation should also be enacted to oblige vendors to keep a register of chemicals that were 
supplied to certificated operators and a report should be submitted to the authorities 
overseeing this legislation on a regular agreed basis. 

 

• Whenever a facility is refurbished or rebuilt as many of the CP techniques described in this 
and prior documents should be built into the new facility. 
 

• All facilities should be encouraged to use 2 or 3 stage countercurrent rinse tanks where 
possible. 
 

• All facilities should relook at their WWTP as many are working over-capacity due to plant 
expansions. 
 

• The industry needs to measure water usage on plating lines and this is easily and cheaply 
accomplished by using water meters. 
 

• Dragout from the dragout tanks is returned internationally and in some facilities nationally, 
thus the facilities that are opposed to this practice needs to relook at their process. 
 

• Similarly, multiple reuses of rinse waters is a water saving technique and more facilities need 
to investigate this possibility. 
 

• A study needs to be completed critically examining the barriers to implementing CP 
techniques. 
 

• Industry should demand certificates of analysis from all vendors to ensure quality products 
and for certification purposes. 
 

• 100% use of MSDS should be enforced within the industry. 
 

• No facility should be allowed to discharge untreated effluent to the municipal sewage system. 
 

• All facilities should be monitored for effluent compliance as often as possible by the 
authorities. 
 

• Facilities need to measure current water usage in plating lines and try to reduce it to the such 
that they also use 95 l/m2 or even less per line. 

 



 

59 

14. REFERENCES 
AFSA, Aluminium Federation of South Africa, www.afasa.org.za, 
http://www.afsa.org.za/LinkClick.aspx?fileticket=h1pEwkMdka4%3d&tabid=136, July 2013 
 
Bana, I, Always Powder Coating Pty Ltd Cleaner Production – Phosphate Pre-treatment of Steel 
January 1997  http://www.auschem.com.au/ or gavin@auschem.com.au 
 
Barclay, S., Buckley, C., 2001, Application of waste minimization clubs in South Africa: Water 
Research Commission TT161/02, South Africa 
 
Binnie and Partners, 1987, Water and waste-water management in the metal finishing industry, WRC 
project no 145, TT 34/87, pp xiii-31, ISBN 0908356811 
 
Birdsall J.C. An Overview of Hot Dip Zinc Galvanising GTI Engineering 
 
Bocchi, G., Palmer, J, Powder Application Methods. Products Finishing Magazine July, 2000. 
 
Cleaner metal finishing industry production project, 2003, hot dip galvanising industry, cleaner 
production handbook, 1st edition 
 
CPMFI, Cleaner metal finishing industry production project, 2003, electroplating industry, cleaner 
production catalogue, 1st edition 

 
Dahl F., (1997), Cleaner Technology in the Metal Finishing Industry 

 
Danish Ministry of Environment, 2002, Guidelines for Hot Dip Coating of Fabricated Steel Products. 
 
Danish Technological Institute, 1999, Cleaner Production Manual. 
 
Department of Labour, Government Notice R 1179, 25 August 1995 
 
Department of the Environment and Heritage Industrial Galvanisers Corporation Cleaner Production – 
Greater Process Control in Hot Dip Galvanising 1997 
http://www.deh.gov.au/settlements/industry/corporate/eecp/index.html 
 
Dorf Design Division: Email Kitchen and Bathroom Products Pty Ltd Cleaner Production – Metal 
Recovery in Electroplating May 1997 by ACCP 
http://www.deh.gov.au/settlements/industry/corporate/eecp/index.html 
 
Dow introduces new solderon tin-silver plating chemistry for lead-free bump plating, 9 October 2013, 
available from http://www.dow.com/news/press-releases/article/?id=6312 , 15 January 2014 
 
Easy waste treatments for spent EN baths, 2002, available from http://www.pfonline.com/articles/easy-
waste-treatment-for-spent-en-baths, 15 January 2014. 
 
Enterprise Case Studies, Cleaner Production Worldwide Series, UNEP 
 
Floyd, M, EPA (SA) Cleaner Production case study, ILEC Appliances, Environment Protection Agency 
January 2001, http://www.epa.sa.gov.au/  
 
Francou, G, Minimising Waste in Metal Galvanising: Korvest Galvanisers July 1998 
http://www.environment.gov.au/net/environet.html or cproduction@ea.gov.au 



 

60 

Government Gazette, Regulation Gazette No 5549, vol 362, 25 August 1995 
 
Great Western Containers, Inc. http://www.gwcontainers.com/LinkClick.aspx?link=http%3a%2f% 
Judge, I, Improved Wastewater Management for Electroplating December 1998 
http://www.environment.gov.au/portfolio/epg/environet/ncpd/auscase_studies/premier.html or 
cproduction@ea.gov.au 
 
Lambrou, H, Gainsborough Hardware Industries Ltd Cleaner Production – Electrophoretic Plating 
January 1997, http://www.deh.gov.au/settlements/industry/corporate/eecp/index.html 
 
 
Linetec- Anodising Process Overview ( info@aacoa.com,)  
 
Lochner, P., 2005, Guideline for Environmental Management Plans,  CSIR Report No ENV-S-C 2005-
053 H. Republic of South Africa, Provincial Government of the Western Cape, Department of 
Environmental Affairs & Development Planning, Cape Town 
 
Metro Aluminium treatment specialists, http://www.metroplating.co.uk/phosphoric-acid-anodising.php, 
2013, E-mail: enquiries@metroplating.co.uk 
 
MNTAP Source, The Quarterly Newsletter of the Minnesota Technical Assistance Program, 1993 
 
Pagan, B; Pillar, S; Lake, M; A cleaner production manual for the metal finishing industry, The UNEP 
working group centre for cleaner production, May 1998, 
www.techman.uq.au/UNEP_CFP/techman.htm#top 
 
Pocket Guide to Chemical Hazards, US Department of Health and Human Services, Centre for 
Disease Control and Prevention, June 1997 
 
Ramsden, K, Dangerous Goods Digest: The Orange Book of South Africa, Foresight Publications, 
2006 
 
SAMFA metal finishing handbook, 2008, van der Spuy, T.,(ed) 
 
SAMFA metal finishing handbook, 2011, van der Spuy, T.,(ed) 
 
SEDA.  2012.  Research on the performance of the manufacturing sector.  Prepared by Um Jwali 
Market Research. 
 
South African Metal Finisher (S. A. Metal Finisher), 2010, November Issue , van der Spuy, T., Editor, 
http://www.samfa.org.za/Library.html 
 
South African Metal Finisher (S. A. Metal Finisher), 2013, July Issue 20, van der Spuy, T., Editor, 
http://www.samfa.org.za/Library.html 
 
South African Metal Finishers, Volume 3, August 2004, pp33-34 
 
The UNEP Working Group for Cleaner Production Manual for the Metal Finishing Industry  
 
TITLE V PERMIT SUMMARY, Air Pollution Control District, December 2000 
 



 

61 

Van der Spuy, T., (ed) 2013, Effluent management for metal finishers, Training manual for delegates 
for SAMFA Effluent Management and Compliance seminar. www.samfa.org.za.  
 
Van der Spuy, T., (ed), 2013,  Electroplating, Theory and practise Practice, Training manual produced 
for SAMFA, version 7-4-2013.  Referenced as SAMFA, 2013 
 
Van der Spuy, T., 2012, Effluent management for metal finishers, Training manual for delegates for 
SAMFA Effluent Management and Compliance seminar. www.samfa.org.za.  
 
Water and Industrial Effluent by-law, 14 August 2000 
 
Zalcon Galvanizing handbook, 2000 
 
  



 

62 

APPENDIX A: FORMAT OF THE QUESTIONNAIRE 
 

 



 

63 

 



 

64 

 



 

65 

 



 

66 

 
 



 

67 

 



 

68 

 
 



 

69 

 



 

70 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




