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PLAN OF STUDY FOR EIA 
 

This plan of study has been formulated to meet the requirements for a plan of study for 

Environmental Impact Assessment as set out in regulation 29.1(i) of GNR 385 promulgated 

in terms of chapter 5 of the National Environmental Management Act (Act No. 107 of 

1998), reproduced below: 

 

“29.1(i)a plan of study for environmental impact assessment which sets out the proposed 

approach to the environmental impact assessment of the application, which must 

include 

(i) a description of the tasks that will be undertaken as part of the environmental 

impact assessment process, including any specialist reports or specialised 

processes, and the manner in which such tasks will be undertaken; 

(ii) an indication of the stages at which the competent authority will be consulted;  

(iii) a description of the proposed method of assessing the environmental issues and 

alternatives, including the option of not proceeding with the activity; and 

(iv) particulars of the public participation process that will be conducted during the 

environmental impact assessment process;” 

 

1.1 SPECIALIST STUDIES AND REPORTING 

 

The identification and assessment of environmental impacts reveals the following 

potentially significant environmental aspects which require further detailed assessment: 

� air quality assessment: to study criteria pollutants emitted by various sections of the 

proposed plant (in particular major sources of emissions, e.g. the kiln and rotary drier), 

to allow specification of emissions abatement technology and plant parameters (e.g. 

stack height) 

� hexavalent chromium ambient air quality baseline and emission assessment: to 

determine current exposures and investigating emission and abatement of 

hexavalent chromium from the plant 

� waste disposal assessment: to investigate requirements for waste handling, storage, 

treatment and disposal, with a specific focus on hazardous wastes generated by the 

process 

 

1.1.1 AIR QUALITY IMPACT ASSESSMENT 

A specialist study will be undertaken to determine the potential impact of gaseous and 

particulate emissions from the plant on ambient air quality with specific attention paid to 

emissions of Manganese (Mn) particulates. The following emissions from the proposed 

plant have been identified as potentially significant in terms of the possible effect on 

ambient air quality: 

� hexavalent chromium (Cr6+) containing particulates (Cr6+ will emissions will be in the 

form of particulates) 

� manganese and its compounds in particulates (Mn emissions will be in the form of 

particulates) 

� oxides of nitrogen (NOx) 

 

Although sulphur dioxide (SO2) is a regional issue of concern, the proposed project will 

not contribute to levels of SO2 in the atmosphere as the reductants used in the furnaces 

are is virtually sulphur free. 
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Objectives and Methods 

The air quality impact assessment will comprise the following activities: 

� review and quantification of current air quality in the area, to establish a baseline for 

the impact assessment and thus quantify cumulative impacts on air quality 

� formulation of emissions inventory and calculation of emissions to atmosphere 

emanating from to the proposed operations 

� dispersion simulation to predict increases in ground level concentrations illustrated 

through contour plots for projected emission dispersion 

� iterative refinement of inventory and dispersion model 

� validation of existing emission dispersion model results against actual monitoring data. 

 

The proposed format for the study is illustrated in Figure 1: Plan of Study for Air Quality 

Impact Assessment 

 

Phase 1: Establishing the basis for Air Quality Management Plan 

Phase 1 will largely be aimed at forming the basis for air quality impact assessment 

through the assimilation of air quality related information whilst demonstrating 

compliance to emission limits: 

• Stack emissions monitoring (iso-kinetic stack sampling and APPA/ NEMAQA 

emission limit comparison) 

• Sourcing of meteorological station and logging of meteorological data 

• Development of an emissions inventory of 

o ferrochrome production mode through monitoring existing sources ;and  

o estimation of  

• dispersion modelling of priority pollutants including emissions of Cr(VI) and Mn 

metal species 

• Air quality monitoring: 

o dust outfall monitoring, reporting and selective analysis of dust samples 

o Cr(VI) ambient air quality upwind downwind (farmer and downwind 

residential); 

o Mn baseline air quality upwind downwind (farmer and downwind residential). 

• Ambient air quality monitoring with mobile station (downwind residential) to verify 

model (minimum of 14 days and longer if model predicts potentially significant 

impact) 

Phase 2: Air Quality Impact Assessment 

Phase 2 will largely be concerned with finalising the investigation of impact on ambient 

air quality by the swing activities of Assmang Machadodorp and will form the basis for 

setting of APPA/ NEMAQA emission limits and implementation of air quality management 

actions. This will be achieved by a second round of dispersion modelling which will .  
 

• Additional stack emissions monitoring (iso-kinetic stack sampling and APPA/ 

NEMAQA emission limit compliance evaluation) both at Assmang Machadodorp 

Works (producing ferrochrome) and Assmang Cato Ridge Works (producing 

ferromanganese) 

• Following further refinement of emissions inventories based on review of phase 1 

dispersion modelling results and additional emissions monitoring second phase 

dispersion modelling of priority pollutants to obtain a more accurate assessment of  
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• Additional ambient air quality monitoring: 

o Dust outfall monitoring, reporting and selective analysis of dust samples 

o Cr(VI) ambient air quality upwind downwind (farmer and downwind 

residential); 

o Mn baseline air quality upwind downwind (farmer and downwind residential). 
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Figure 1: Plan of Study for Air Quality Impact Assessment 
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Background Air Quality Information Gathering 

Ambient air quality monitoring data which will be evaluated for the purposes of 

this study includes results from: 

� ESKOM Arnot air quality monitoring station 

� Wits University Climatology Research Group site ambient air quality 

monitoring campaign undertaken Nov 2007 

� DOAS airborne measurements undertaken over the Highveld 

 

Ground level ambient measurements of Cr6+ have been undertaken prior to the 

conversion study and will be augmented with ambient measurements of Mn.  

Emissions inventory  

As part of a wider air quality management plan Assmang Machadodorp Works is 

measuring point source emissions three times per annum to demonstrate 

compliance with APPA emission limits. In addition the following sources of 

information will be utilised: 

• Emission data from similar ferrochrome and ferromanganese plants 

currently in operation (and most notably Assmang Cato Ridge 

Manganese Smelter) 

• The basic design data for the plant will be used to determine all potential 

emissions sources and the expected emissions rates and characteristics 

based on the design parameters and mass flow rates in comparison to the 

data obtained from similar operating plants. 

 

The following plant stacks have been identified as potentially having significant 

environmental impact and / or stack emission limits and rates of emission from 

these stacks thus need to be measured periodically: 

• Pelletising Plant Scrubber Stack 

• Pelletising Plant Baghouse Stack 

• Furnace 1 Clean Gas Stack 

• Furnace 1 Pre Heater Off Gas Stack 

• Furnace 2 & 3, Positive Pressure Baghouse 1, Outlets 1 – 3. Positive Pressure 

Baghouse 2, Outlets 1 – 3.  

• Furnace 5 Positive Pressure Baghouse, Outlets 1 – 3. 

Dispersion Modelling 

Atmospheric dispersion modelling is the mathematical simulation of how air 

pollutants disperse in the atmosphere surrounding a facility. It is performed with 

computer programs which solve mathematical equations and algorithms that 

simulate the pollutant dispersion. Various types of model have been developed 

for predicting the concentrations of chemicals emitted into the atmosphere in 

the vicinity of an emission source. 
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The dispersion models are used to estimate or to predict the downwind 

concentration of air pollutants emitted from sources such as industrial plants and 

vehicular traffic. The models are typically employed to determine whether 

existing or proposed new industrial facilities are or will be in compliance with the 

ambient air quality standards (e.g. SANS 1929: Ambient Air Quality Limits for 

Common Pollutants, and National Environmental Management Air Quality Act of 

2004 SCHEDULE 2: Ambient Air Quality Standards). The models also serve to assist 

in the design of effective control strategies to reduce emissions of harmful air 

pollutants. 

 

The dispersion models require the input of data including: 

� meteorological conditions: wind speed and direction, air temperature, 

atmospheric turbulence and atmospheric characteristics such as the 

presence and nature of a temperature inversion layer 

� emissions parameters: source location, vent stack diameter, height, and exit 

velocity, exit temperature and mass flow rate 

� terrain and elevation at and between source and receptor locations 

� location, height and width of any obstructions (such as buildings or other 

structures) in the path of the plume. 

 

Prediction of the potential impact on ambient air quality will be undertaken 

using an ADMS dispersion model, or the CALPUFF Modelling System.  

 

ADMS has the ability to simulate a wide range of buoyant and passive releases 

to the atmosphere either individually or in combination. The model takes into 

account the effects of buildings, terrain and coastlines on dispersion. The 

development of ADMS 3 was undertaken by Cambridge Environmental 

Research Consultants (CERC) with technical assistance from the UK 

Meteorological Office and the University of Surrey. The model has been 

extensively validated against field data sets since 1992. (CERC 2004). 

 

CALPUFF is non-steady-state puff dispersion model that simulates the effects of 

time- and space-varying meteorological conditions on pollution transport, 

transformation, and removal. CALPUFF can be applied for long-range transport 

and for complex terrain [EPA CALPUFF]. The CALPUFF model is designed to 

simulate the dispersion of buoyant, puff or continuous point and area pollution 

sources as well as the dispersion of buoyant, continuous line sources. The model 

also includes algorithms for handling the effect of downwash by nearby buildings 

in the path of the pollution plumes [Wiki 2008].  

 

Final selection of the preferred model will be undertaken based on consideration 

of meteorological and terrain data for the area. 

Estimation of Cumulative Impact 

The emissions inventory and data used for the initial dispersion model will also 

take into account other significant emitters of priority pollutants (particulates 
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(PM10), Cr6+, Mn, and NOx) as well emissions of Cr6+ in the vicinity of the proposed 

site. The inclusion of these emission sources will facilitate an estimation of the 

cumulative impact of the additional emissions from the proposed plant on 

ambient air quality.  

 

1.1.2 HEXAVALENT CHROMIUM AND MANGANESE BASELINE AMBIENT AIR 

IMPACT ASSESSMENT 

Chromium is a naturally occurring element found in rocks, animals, plants and 

soil. Chromium is present in the environment (natural and man-made) in several 

different forms, the most common of which are: 

� chromium metal (Cr) 

� trivalent chromium (Cr3+) 

� hexavalent chromium (Cr6+). 

 

In air, chromium compounds are present mostly as fine dust particles which 

eventually settle over land and water. Of the three oxidation states of chromium, 

hexavalent chromium (Cr6+) is known for its strong oxidising characteristics and 

many Cr6+ compounds are soluble in water. Cr6+ has been identified as a 

hazardous chemical compound due to its ability to readily penetrate biological 

membranes and the fact that it is carcinogenic through inhalation - it is a known 

inhalation irritant and associated with respiratory cancer. 

 

Hexavalent chromium of anthropogenic origin is generated from a number of 

commercial and industrial sources. Rain helps remove chromium compounds 

from air. Chromium compounds will usually remain in the air for fewer than 10 

days (ATSDR 2000). 

Objectives and Methods 

The objective of this study will be to determine the baseline ground level 

exposure values of the receiving environment up and downwind of present Cr6+ 

emissions sources in the vicinity of the proposed site. This will inform the estimation 

of the cumulative impact of Cr6+ emissions of the proposed chrome chemicals 

plant the existing chrome chemicals plant. The methods to be applied include 

the following: 

� confirmation and refinement in the selection of sampling sites based on 

prevailing atmospheric conditions and initial monitoring results (sampling will 

be undertaken upwind and downwind 

� sampling with pump and filter discs and chemical analysis will be undertaken 

in accordance with California Environmental Protection Agency   Standard 

Operating Procedure For The Analysis Of Hexavalent Chromium At Ambient 

Atmospheric Levels By Ion Chromatography (SOPMLDO39) 

� monitoring results will be compared to international ambient Cr6+ guidelines 

and standards as a baseline assessment 

� monitoring results will be used to inform a worst case scenario Cr6+ 

background level which will be used as background level for dispersion 
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modelling to predict total ground level Cr6+ resulting from current and 

proposed activities; results will again be compared to international guidelines 

for ambient Cr6+ limits 

Sampling and Analytical Procedure 

Refer to Appendix 1: Determination of Hexavalent Chromium in Ambient Air for 

detail of the California-EPA measurement procedure referred to above. 

Sampling Locations 

In order to deduce the contribution of existing activities to the ambient Cr6+ 

concentrations and the existing background Mn levels, sampling will be 

undertaken both up and downwind of the Machadodorp Works site 

simultaneously and in accordance California-EPA measurement procedure. 

 

Initial sampling sites have been selected as follows (refer to Figure 1: Location 

map of Assmang and proposed Cr6+ and Mn sampling sites): 

• Ferrochrome club 

• Machadodorp 31 River st 

• Trout angling dam 

• Farmer Scholtz 

Reporting results 

The volume of air sampled is calculated according at the hand of the duration 

and volume flow-rate of the sample. The duration of the sample is calculated as 

period that the filter was run and calculated as the difference between start 

time and end time.  

 

The average flow-rate during sampling is estimated by noting the flow-rates from 

the instrument’s start flow rate when the sample filter was installed and when the 

sample filter was removed and averaging the two measurements. The total 

sample volume is then corrected to standard conditions of 101.3 kPa and 273 K 

using average monthly temperature data for the sampling period. 
 



Plan of Study for EIA 

Environmental Science Associates   

Figure 1: Location map of Assmang and proposed Cr6+ and Mn sampling sites 

 

1.1.3 MANGANESE BASELINE AMBIENT AIR IMPACT ASSESSMENT 

Manganese (Mn) is an element that can exist in several valence states: 

1,2,3,4,6,or 7, the most common being +2, +3 and +7. Manganese metal does 

not occur naturally however manganese may be found in over 100 minerals, 

primarily in the form of oxides, silicates and carbonates. 

 

Natural emission sources of manganese to the atmosphere are the result of 

erosion of soils and dusts. Anthropogenic activities that lead to the release of 

manganese and manganese compounds to air include industrial activities (such 

as alloy production and steel foundries) and combustion of fossil fuels (in power 

plants, coke ovens and automobiles). Combustion of MMT in petrol of motor 

Assmang 

Ferrochrome 

Sampling locations 

 

Worst case wind 

flows 
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vehicles is reported to be one of the main anthropogenic sources of manganese 

in urban areas.  

 

The primary end points of human toxicity associated with inhalation of inorganic 

manganese compounds related to particulate matter are neurotoxicity, 

reproductive dysfunction, and impairment of the respiratory system. 

 

Chronic industrial exposure to inhalation of manganese dioxide can result in 

chronic manganese toxicity (manganism), which affects the central nervous 

system (CNS). There is a great degree of individual variation in symptomatology 

of chronic Mn toxicity. Manganism is a neuropsychiatric disorder and is 

characterized initially by dull affect, sleep disturbances, irritability, difficulty 

walking, fine tremour, speech disturbances and compulsive behaviours 

(including running, fighting, singing), then a syndrome of psychological 

disturbances (hallucination, psychosis) can occur. Finally, a mask-like face, 

retropulsion or propulsion (difficulties controlling balance), and a "Parkinsonism-

like" syndrome have been reported (Cook cited in ATSDR, 2000; Mena et aI. cited 

in Goyer, 1996 and ATSDR, 2000) 

Objectives and Methods 

The objective of this study will be to determine the baseline ground level 

exposure values of the receiving environment up and downwind of present Mn 

emissions sources in the vicinity of the proposed site.  

 

Accurate measurement of trace metals, including manganese, in ambient air is 

often difficult in part because of the variety of substances, the variety of 

potential techniques for sampling and analysis, and the lack of standardized and 

documented methods. The United States Environmental Protection Agency (US 

EPA), National Institute of Occupational Safety and Health (NIOSH), and 

Occupational Safety and Health Administration (OSHA) are some of the few 

organisations that provide documented and technically reviewed 

methodologies for determining the concentrations of selected trace metals of 

frequent interest in ambient and indoor air. 

 

These methods, which are generally accepted as the preferred methods for 

trace metal sampling and analysis, were reviewed but is too voluminous to report 

here. Sampling with pump and filter discs and chemical analysis will be 

undertaken in accordance with California Environmental Protection Agency   

Standard Operating Procedure For The Analysis Of Hexavalent Chromium At 

Ambient Atmospheric Levels By Ion Chromatography (SOPMLDO39) – to the 

extent that Manganese will be captured using the same pump flow rates and 

filters, analysis will be undertaken in accordance with the US EPA Compendium 

Method IO-3.5. 

 

This will inform the estimation of the cumulative impact of Mn emissions when the 

Assmang Machadodorp switches from ferrochrome to ferromanganese 

production. The methods to be applied include the following: 
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� confirmation and refinement in the selection of sampling sites based on 

prevailing atmospheric conditions and initial monitoring results (sampling will 

be undertaken upwind and downwind 

� monitoring results will be compared to international ambient Mn guidelines 

and standards as a baseline assessment 

� monitoring results will be used to inform a worst case scenario Mn 

background level which will be used as background level for dispersion 

modelling to predict total ground level Mn resulting from the switching of 

furnaces to ferromanganese production which will again be compared to 

international ambient Mn guidelines and standards. 

Sampling and Analytical Procedure 

Sampling during Phase 1 of the ambient metals sampling campaign will apply 

the same filter pump and filter preparation as set out in California-EPA procedure 

for the Determination of Hexavalent Chromium In Ambient Air and will not 

include a PM10 sample cut-off device. As such the samples will have fractions 

courser than PM10 particles and will present a conservative estimate.  

 

Should Phase 1 monitoring and/or modelling results exceed international 

standards and guidelines for Mn then a Phase 2 background monitoring 

campaign will be undertaken based on The Ruppecht and Patashnick (R&P) 

Low- Volume Partiso1 Air Sampler is a microprocessor¬controlled manual sampler 

with a unique set of features that make it a suitable platform for measuring 

particulate and other constituents found in the atmosphere (US EPA, 1999a). 

Ambient air is drawn through a low flow (16.7 Llmin) PMlO or PM2.5 inlet where 

particle size selection takes place. The particulate-laden air is then directed 

through a collection filter composed of either quartz, Teflon-coated glass, or 

Teflon where the particulate matter is collected. A mass flow control system 

maintains the sample flow through the system at the prescribed volumetric flow 

using information from sensors that measure the ambient temperature and 

ambient pressure. The sample filter is conditioned and weighed both before and 

after sample collection to determine the amount of mass collected during the 

sampling period. The airborne particulate collected on the 47-mm filter in the 

Partisol Sampler may be subjected to a number of post-collection chemical 

analytical techniques to ascertain the composition of the material caught by the 

filter. 

 

Inductively Coupled Plasma (ICP) Spectroscopy analysis of samples will be 

undertaken in accordance with US EPA Compendium Method IO-3.5 (ICP the 

particulate matter sample is first leached and the leach solution excited using an 

argon plasma torch. The wavelengths detected and their intensities indicate the 

presence and amounts of particular elements). Samples containing up to 61 pre-

selected elements can be simultaneous analyzed by ICP – this will allow the 

measurement of metals other than only Mn.  

 



Plan of Study for EIA 

Environmental Science Associates   

The ICP detection limit for many of the elements of interest is equal to or 

somewhat better than most of the other instruments. In addition, the ICP 

technique has the ability to analyse a large range of concentrations. 

Sampling Locations 

In order to deduce the contribution of existing activities to the ambient Cr6+ 

concentrations and the existing background Mn levels, sampling will be 

undertaken both up and downwind of the Machadodorp Works site 

simultaneously and in accordance California-EPA measurement procedure. 

 

Initial sampling sites have been selected as follows (refer to Figure 1: Location 

map of Assmang and proposed Cr6+ and Mn sampling sites: 

• Ferrochrome club 

• Machadodorp 31 River st 

• Trout angling dam 

• Farmer Scholtz 

Reporting results 

The volume of air sampled is calculated according at the hand of the duration 

and volume flow-rate of the sample. The duration of the sample is calculated as 

period that the filter was run and calculated as the difference between start 

time and end time.  

 

The average flow-rate during sampling is estimated by noting the flow-rates from 

the instrument’s start flow rate when the sample filter was installed and when the 

sample filter was removed and averaging the two measurements. The total 

sample volume is then corrected to standard conditions of 101.3 kPa and 273 K 

using average monthly temperature data for the sampling period. 

 

1.1.4 HANDLING TREATMENT AND DISPOSAL OF HAZARDOUS WASTE 

The following major waste streams, including more minor streams not being listed 

here, will need to be considered in terms of handling, storage, treatment, re-use 

and disposal options: 

• Slags and bag filter dusts (where as slag generated as a result of emissions 

abatement - this is recycled bag to the plant but need to be stored and 

handled), 

 

These are all potentially hazardous wastes due to the presence of manganese 

and the potential presence of trace amounts of other heavy metals.  

Objectives and Methodology 

The waste management assessment will comprise of the following activities: 

• Review of literature, 

• Waste classification and hazard rating, 
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• Waste treatment alternatives, and 

• Identification and evaluation of re-use and disposal alternatives 

The Minimum Requirements for the Handling, Classification & Disposal of 

Hazardous Waste will further be used as a point of departure for discussion of 

storage, handling, treatment, and disposal procedures for hazardous waste. 

Review of literature 

Due to an absence of actual samples, waste streams will be considered on a 

theoretical basis, literature on wastes streams arising from global chrome 

chemicals facilities will be reviewed and a preliminary classification and hazard 

rating in terms of the Department of Water Affairs and Forestry Minimum 

Requirements for the Handling, Classification & Disposal of Hazardous Waste will 

be undertaken. A comprehensive body of information on the wastes from 

chrome chemicals production has been compiled by the US EPA so as to inform 

regulation of mineral processing wastes (EPA 1990, Chapter 4 Sodium 

Dichromate production) 

Waste Classification and Hazard Rating 

The waste hazard characterisation process requires full chemical analysis of the 

by-products, which allows the risk assessment to focus on chemicals of potential 

concern.  

 

Samples of ferromanganese slag, open furnace bag filter dust, as well as closed 

furnace scrubber sludge will be obtained from Assmang Cato Ridge Works An 

attempt will be made to obtain post treatment residue filter cake samples from 

the existing Newcastle Lanxess chrome chemicals plant. These samples will be 

subjected to compositional analyses as well as to Toxicity Characteristic Leach 

Potential (TCLP) and/or Acid rain tests to empirically determine and quantify the 

nature of the hazardous components which may leach.  

 

The TCLP and Acid Rain leach tests will be conducted in accordance with the 

requirements of the Department of Water Affairs and Forestry Minimum 

Requirements for the Handling, Classification & Disposal of Hazardous Waste.  

Waste Treatment Alternatives 

The results of compositional analyses as well as to Toxicity Characteristic Leach 

Potential (TCLP) and Acid rain tests, literature review will be used to identify 

treatment strategies to reduce the hazard harmful components of the waste so 

as to minimise the potential impact of the waste on the environment, as far as 

practicably possible. 

Identification and Evaluation of Re-use and Disposal Alternatives 

Identification and evaluation of treatment methods will involve a generic gate 

process whereby wastes will be considered for re-use, refer to Figure 2: Waste 

treatment and re-use stage gate decision process.  
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Figure 2: Waste treatment and re-use stage gate decision process 

 

The following options for disposal of hazard waste re-use and disposal will be 

investigated as a minimum: 

• The use of treated waste residue (after treatment to remove Cr6+) as 

pozalanic or fine silicaceous material in concrete for civil and structural 

works; 

• Recycling bag filter dust and scrubber sludge through a briquetting plant 

so as to compact and to contain the manganese containing material so 

as to allow its recycling to the furnaces; 

• Treatment and subsequent disposal to suitably permitted waste site such 

has the Holfontein H:H disposal site 
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1.2  IMPACT ASSESSMENT METHODOLOGY 

The following criteria and methodology is proposed to determine the 

significance of environmental impacts raised by the project proposal.  

 

1.  IMPACT MITIGATION/OPTIMISATION 
Mitigation seeks to find ways of minimising or eliminating negative impacts, 

whereas optimisation enhances project benefits. Under every impact a summary 

is given of management actions recommended for the purpose of preventing or 

reducing the negative effects, or enhancing the positive benefits of the 

development. Mitigating/optimising guidelines to be implemented during the 

construction phase should be formulated into clauses that are to be written into 

the respective construction contract documents. Additional clauses can be 

added as/if necessary in response to any additional impacts that may become 

apparent during the detailed design stage or even during the construction 

phase of the development. 

 

2.  EXTENT 
Considers whether the impact will occur: 

� on site,  

� locally: within 2 km of the site; 

� regionally: within the region;  

� nationally or internationally. 

 

3.  DURATION 
Considers whether the impact will be: 

� temporary: <1 year; 

� short term: 1 to 5 years; 

� medium term: 5 to 10 years; 

� long term: longer than 10 years; or 

� permanent. 

 

4.  INTENSITY 
Consideration as to whether the impact is destructive, or benign. Determines 

whether it destroys the impacted environment in totality, significantly changes its 

functionality, or slightly alters it.   

 

Intensity is rated as:  

� Low: The impact alters the affected environment in such a way that the 

natural processes or functions are not affected.  

� Medium: The affected environment is altered, but function and process 

continue, albeit in a modified way. 

� High: Function or process of the affected environment is disturbed to the 

extent where it temporarily or permanently ceases.  
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5.  PROBABILITY 
 

This describes the likelihood of the impacts actually occurring: 

� Improbable: The possibility of the impact occurring is very low, due either to 

the circumstances, design or experience. 

� Probable: There is a possibility that the impact will occur to the extent that 

provisions must be made therefore.  

� Highly probable: It is most likely that the impacts will occur at some stage of 

the development.  

� Definite: The impact will take place regardless of any prevention plans, and 

there can only be relied on mitigatory action to contain the effect. 

 

6.  ASSIGNING IMPACT SIGNIFICANCE 
Significance is determined through the integration of impact characteristics in 

terms of the above-mentioned variables resulting in a rating of high, medium, or 

low impact. Furthermore, impact significance will be assigned with and without 

mitigation or to highlight the importance of mitigation or optimisation of impacts. 

Significance ratings were defined using the following guidelines: 

 

a) High 
Impacts will be of a high significance if the following impact profile applies: 

� the extent is local to international; 

� the duration is long term to permanent; 

� the ecological or social system will be affected to the point of collapse. 

 

b) Medium 
Impacts will be of a moderate significance if the following impact profile applies: 

� the extent is local to regional; 

� the duration is medium- to long term; 

� the ecological or social system will be effected but continue to function. 

 

c) Low 
Impacts will be of a low significance if the following impact profiles apply: 

� the extent is local to site specific; 

� the duration is temporary to permanent; 

� the ecological or social system will not be affected. 

 

7.  ASSIGNING IMPACT PRIORITY 
 

The priority for the management of an impact is the product of impact 

significance and existence of applicable legislation. Thus even insignificant 

impacts become high priorities if applicable legislation exists. 
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1.3 CONSULTATION WITH THE COMPETENT AUTHORITY 

 

Lodge application and declaration of interest Application  

Application Receive confirmation of application 

Lodge Scoping Report (Including Plan of Study for 

EIA) 

Consideration of Scoping Report/PoS for 

Environmental Impact Assessment 

Scoping 

Receive confirmation of acceptance of Scoping 

Report/PoS for Environmental Impact Assessment 

Lodge Environmental Impact Assessment Report5 

Receive confirmation of acceptance EIR 

EIR 

Decision on application 

 

 

1.4 PUBLIC PARTICIPATION PROCESS 

The proposed public participation process for the remainder of the 

Environmental Impact Assessment will consist of: 

 

� Presenting registered Interested and Affected Parties and stakeholders 

with the opportunity to read and comment on environmental impact 

assessment report including specialist reports 

� Presenting registered Interested and Affected Parties and stakeholders 

with the opportunity to read and comment on draft environmental 

management plans compiled in terms of regulation 

� A public meeting to present and discuss the findings of the 

Environmental Impact Assessment and related specialist reports 

� Presenting registered Interested and Affected Parties and stakeholders 

with the opportunity to read and comment on the final reports 

submitted to MDALA. 
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APPENDIX 1: DETERMINATION OF HEXAVALENT 

CHROMIUM IN AMBIENT AIR 
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SOP MLD 039  

STANDARD OPERATING PROCEDURE FOR THE  

ANALYSIS OF HEXAVALENT CHROMIUM AT  

AMBIENT ATMOSPHERIC LEVELS BY  

ION CHROMATOGRAPHY  

 

1.1 INTRODUCTION  

The California Air Resources Board identified hexavalent chromium (Cr6) as a 

toxic air contaminant in January 1986. Chromium is a natural constituent of the 

earth’s crust and present in several oxidation states. Trivalent chromium (Cr3) is 

naturally occurring, environmentally pervasive and a trace element in man and 

animals. Hexavalent chromium is anthropogenic from a number of commercial 

and industrial sources. It readily penetrates biological membranes and has been 

identified as an industrial toxic and cancer causing substance. Hexavalent 

chromium is a known inhalation irritant and associated with respiratory cancer. 

Exposure is primarily associated with the chrome plating and anodizing process, 

and emissions from chromate treated cooling towers.  

 

Hexavalent chromium has been measured in ambient air at sites located 

throughout California. Cellulose filters are exposed to ambient air using a 

Xontech 920 toxic air sampler. Samples are taken every twelve days, year round. 

To achieve lower detection limits, in certain cases the exposed filters may be 

composited from the same site and analyzed as a group. The analysis procedure 

for hexavalent chromium from exposed 37mm cellulose filters is described in this 

document.  

1.2 SUMMARY OF METHOD  

Method MLDO39 determines Cr6 from bicarbonate impregnated ashless 

cellulose filters exposed to ambient air, which are submitted to the laboratory by 

site operators. The filters are extracted in deionized water via sonication for three 

hours. The extract is analyzed by ion chromatography using a system comprised 

of a guard column, analytical column, a post-column derivatization module, and 

a UV-Vis detector. In the analysis procedure, Cr6 exists as chromate due to the 

near neutral pH of the eluent. After separation through the column, hexavalent 

chromium forms a complex with the diphenylcarbohydrazide (DPC) which is 

detected at 520 nm. The peak analysis is determined using Dionex Peaknet 

chromatography software, version 5.1. 

1.3  INTERFERENCES AND LIMITATIONS  

 

13.3.1 Sodium carbonate used as the stabilizing media in Cr6 filters was observed 

to cause interferences with the analysis.  
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13.3.2 Higher concentrations of the sodium bicarbonate impregnating solution 

may cause flow restrictions during ambient air sampling. The use of smaller pore 

size impregnated filter has shown to cause definite restrictions during sampling.  

1.4 INSTRUMENT AND EQUIPMENT  

This SOP assumes familiarity with the installation and operation of the Dionex ion 

chromatographic system. For detailed instructions in the operation of the Dionex 

ion chromatograph (IC), refer to the Dionex operations manual.  

4.1 The Dionex Ion Chromatographic System is comprised of modular units 

purchased from the Dionex Corporation:  

 

1. Dionex gradient pump;  

2. Reagent delivery module;  

3. Variable wavelength detector;  

4. Automated sampler, which is controlled directly from the PeakNet 

workstation.  

 

4.2 IC Operating conditions:  

 

1.5  MATERIALS AND CHEMICALS  

13.5.1 Materials:  

 

1. 37mm diameter cellulose filters  

2. Black filter ring holders  

3. Plastic petri dishes, large enough to hold a 37mm filter  

4. Circular labels specifying the Cr6 program 

5. Volumetric flasks: 1 L and 2L sizes  

6. Wide-mouth polyethylene storage bottles: 500mL and 1 L sizes  

Sample loop volume  4OOL  

Analytical column  Dionex, Ion Pac C55  

Guard column  Dionex, Ion Pac CG5  

Eluent solution  

2mM Pyridinedicarboxlic acid (PDCA)  

2mM Disodium hydrogen phosphate  

heptahydrate  

10mM Sodium iodide  

50mM Ammonium acetate  

2.8mM Lithium hydroxide monohydrate  

Eluent flow rate  1.0 mL/min  

Post-column reagent  

2mM Diphenylcarbohydrazide (DPC)  

10% Methanol  

0.9N Sulfuric acid  

Post-column flow rate  0.5 mL/min  

Mixing device  Reaction coil  

Detector wavelength  520nm  

Acquisition Software  Dionex Peaknet, version 5.1  
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7. Analytical balance  

8. Pipettor with disposable pipet tips: 1 OOpt and 2.5 mL pipettors  

9. Teflon centrifuge tubes with caps  

10. Ultrasonicator  

11. Hot plate/stir plate 

12. Large glass petri dish  

13. High purity helium  

14. Repipettor 25 Ml 

 

13.5.3 Chemicals: All chemicals are at least spectrophotometric grade. 

1. Pyridine 2,6-Dicarboxylic Acid (PDCA) 

2. Disodium hydrogen phosphate heptahydrate (Na2HPO4-7H20) 

3. Sodium Iodide (Nal) 

4. Ammonium Acetate (CH3CO2NH4) 

5. Lithium hydroxide monohydrate (LiOH) 

6. 1 ,5-diphenylcarbohydrazide (DPC) 

7. Methanol (CH3OH) 

8. Sulfuric acid (H2504) 

9. Sodium bicarbonate (NaHCO3) 

10. Nanopure ASTM Type 1 deionized water (>16 MO-cm) 

 

15.5.3 Hexavalent chromium stocks are National Institute of Science and 

Technology (N 1ST) certified. Two stocks solutions are purchased, one for making 

working standards, the other for making a working control. The two solutions are 

of different sources, whether they are from different lot numbers or different 

companies.  

1.6 PREPARATION OF ELUENT  

13.6.1 Stock eluent is prepared in nanopure water. The following list describes the 

concentrations of each chemical when making a 1 liter solution of eluent stock:  

 

Chemicals  Concentrations  

PDCA  20mM (3.34g/L)  

Disodium hydrogen phosphate heptahydrate  20mM (5.36g/L)  

Sodium Iodide  100mM (15.Og/L)  

Am mon ium Acetate  500mM (38. 5g/L)  

Lithium hydroxide monohydrate  28.0mM (1.lOgL)  

 

Heat approximately 700mL nanopure deionized water in a 1 L volumetric flask on 

a hot plate/stir plate. Do not boil water. Add the PDCA and let dissolve before 
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adding the remaining chemicals. The PDCA is slow to dissolve. When the PDCA 

has dissolved add the remaining chemicals to the flask. Once all chemicals have  

 

dissolved, turn off the heat and let the flask cool. Bring to volume with nanopure 

and transfer eluent stock to a 1 L wide-mouth polyethylene storage bottle.  

 

13.6.2 The working eluent is prepared by diluting lOOm L of the eluent stock to 

volume in a 1 L volumetric flask. Transfer the eluent to the eluent reservoir on the 

IC. The pH of the diluted eluent is between 6.70 and 6.80.  

 

1.7 PREPARATION OF POST-COLUMN REAGENT 

 Dissolve 0.5g of DPC in lOOmL of HPLC grade methanol in alL volumetric flask. 

When all DPC has dissolved, add about 500mL of nanopure water, then 25mL of 

96% spectrophotometric grade sulfuric acid. Bring to volume with nanopure 

water. Transfer the post-column reagent to a wide-mouth 1 L bottle that will then 

be placed in the post-column reagent delivery module on the IC.  

1.8 PREPARATION OF HEXAVALENT CHROMIUM STANDARDS AND 

CONTROLS 

Both hexavalent chromium calibration and control stocks are NIST traceable. 

Hexavalent chromium stocks are usually in 1000ig/mL concentrations. All 

standards are stored in the refrigerator until ready for use. The solutions are 

brought to room temperature prior to analysis. 

 

13.8.1 Both the calibration and control standards are prepared from a lOOng/mL 

Cr6 solution. It takes two dilutions to make a lOOng/mL sub-stock. First dilute 

0.5mL of 1 000ig/mL Cr6 stock into a 5OmL volumetric flask. This makes a 1 0ig/mL 

Cr6 solution. Place 0.5mL of the 1 0ig/mL Cr6 sub-stock in a 5OmL volumetric 

flask. Bring to volume. This second sub-stock solution concentration is lOOng/mL 

hexavalent chromium.  

 

13.8.2 Calibration Standards: Dilute appropriately to make a sub-stock with a 

concentration of lOOng/mL. The working standards are prepared in lOOmL 

volumetric flasks:  

 

 

13.8.3 Control Standards: The control is prepared from a secondary source stock. 

The control concentration is 1 .Ong/mL. Prepare a sub-stock with a 

concentration of lOOng/mL. Place 1.OmL of the lOOng/mL sub-stock in a lOOmL 

volumetricflask. Bring to volume.  

Concentration (nglmL)  Aliquot (mL) of lOOng/mL  

0.5  0.5  

1.0  1.0  

1.5  1.5  

2.0  2.0  
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1.9 PREPARATION OF SODIUM BICARBONATE IMPREGNATING 

SOLUTION  

Filters are soaked in a 0.12mM sodium bicarbonate solution. Dissolve 5.0 g of 

sodium bicarbonate in nanopure water in a 500mL volumetric flask. Bring to 

volume and transfer the solution to a wide-mouth polyethylene storage bottle.  

 

1.10 PREPARATION OF HEXAVALENT CHROMIUM FILTERS 

Whatman #41 37 mm cellulose filters are handled with either clean Teflon-

coated or plastic tweezers or with disposable PVC gloves. Pour part of the 

sodium bicarbonate impregnating solution in a large clean glass petri dish. After 

inspecting the filters for any tears, holes, or contamination, place the cellulose 

filters in the solution. Make sure all filters are soaking in the impregnating solution. 

After soaking the filters a few minutes, remove the filters from the solution and 

place them on a plastic net or drying rack.  

 

Place the dried filters in a Ziploc bag. On the outside of the bag place the 

following information: lot number of the filters, date of filter preparation, and 

initials of the preparer. Place in the freezer until filters are needed. The freezing 

reduces the sodium bicarbonate from reacting with possible interfering 

substances present in the air. 

 

10.1 Filter Mail-Out Preparation: The filters are sent to the site operators in black 

rings that are placed in plastic petri dishes. First place a circular label on each 

petri dish. This label contains spaces where the site operator will write down the 

site and sampling date. Place the female portion of the black ring on a clean 

surface or clean towel. Place a prepared filter onto the ring. Snap the male 

portion of the ring on top. Place the filter into the plastic petri dishes. Packs with 

nine filters are then shipped out. Mail-outs occur about two weeks before the 

end of the quarter. Place these filters in a cool, dry place.  

 

1.11 FILTER LOG-IN 

Filters are received in the laboratory with site name and sampling date written on 

the plastic petri dishes. A strip of paper with data (i.e. date received, average 

flowrate, duration, and volume) from the Xontech 920 sampler is taped to the 

outside of this petri dish. This data is logged into the Laboratory Information 

Management System (LIMS) (i.e. SQL*LIMS). All filters are assigned a barcode 

identification number. Remove the black ring holders, and place the filter in the 

petri dish. Place all samples in the freezer until ready for analysis.  

 

 

 

 

 

 



Plan of Study for EIA 

Environmental Science Associates   

The following is a list of invalid reasons:  

 

Filter  

contamination  

Filters are either dropped or contaminated by any foreign matter (i.e. 

dirt, finger marks, ink, liquids)  

Damaged or 

torn  

Filters with tears or pinholes which occurred before or during 

sampling  

Flowrate  Average flowrate is less than 9.OLPM  

Flowrate  Average flowrate is greater than 14.OLPM  

Flowrate  Start and stop flowrates differ by more than ±10%  

Flowrate  
Average flowrate differs from the start or stop flowrates by more 

than ±10%  

Duration  Samplers starting before 2300 hours and after 0100 hours  

Duration  Samplers operating less than 23 hours or more than 25 hours  

Power failure  Duration parameters are violated due to a power failure  

Printout  
Sample printout is not complete or missing and data cannot be 

retrieved  

 

1.12 FILTER ANALYSIS  

Due to oxidation/reduction and the conversion of Cr3 and Cr6, the extraction is 

performed immediately prior to analysis. Hexavalent chromium concentrations 

have been shown to increase significantly with time. It is important that the IC be 

equilibrated and ready for analysis.  

 

Calibrate the IC using four standards prior to analyzing samples.  

 

After the calibration is performed a control, check standard, water blank, filter 

blank, and filter spike are determined. The ambient air samples are analyzed 

along with a check standard after every tenth sample. At the end of the sample 

run a check standard and a control are again determined.  

 

12.1 First, printout a hexavalent chromium worklist to confirm which samples need 

to be extracted and analyzed. Prepare the water and filter blanks, filter spikes, 

and ambient air samples by placing the proper filter into an assigned 5OmL 

Teflon test tube using disposable PVC gloves. Add l5mL of nanopure water and 
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cap the test tube tightly. Place the rack of test tubes in a sonicator bath for three 

hours. After three hours, remove the rack of test tubes.  

 

12.2 Transfer approximately 5mL of extracted sample to a corresponding Dionex 

IC autosampler vial, which is in an autosampler cartridge. For replicate samples, 

pour approximately 2.5 mL of the extracted sample into a vial. This conserves Cr6 

samples. Place the cartridge on the autosampler to be analyzed. Extracts are 

refrigerated until all analyses are completed.  

 

1.13 QUALITY CONTROL 

13.13.1 Limit of detection (LOD) is a value that is based on statistical information. 

The LOD is described as the lowest concentration an analyst can quantify with a 

certain confidence level. The calculated limit of detection for the method is 

determined by analyzing a low standard (i.e. 0.25 ng/ml) seven times The 

method’s calculated limit of detection is determined according to 40 CFR, 

Appendix B, as follows:  

 

LOD = T( 1.1 O99)(sd)  

where, 

 

T(1099) =  3.143 for seven replicates  

 

Sd = standard deviation of seven replicate analyses of a standard 

solution  

 

The published LOD, which is the LOD that is used when reporting finalized data to 

the public, is 0.2 ng/mL. This LOD considers variation of instrument performance 

over time due to degradation of columns, lamps, and detectors. The published 

LOD is based on the calculated LOD and the chemist’s experience of the 

method and instrument.  

13.13.2 Four known standards are analyzed for the linear regression calibration 

curve. Check the linear curve and correlation coefficient. If the correlation 

coefficient is less than 0.950, the standards are re-analyzed.  

 

13.13.3 Controls are prepared from a second source of Cr6 stock. They are 

analyzed after the calibration is complete and at the end of the sample run. 

Control limits are historically derived from previously analyzed control samples. 

The limits are determined by calculating the mean and standard deviation (sd) 

of historical data. The limits are defined as below:  

 

Upper Control Limit (UCL) = mean + 3sd  

Upper Warning Limit (UWL) = mean + 2sd 

Lower Warning Limit (LWL) = mean - 2sd 

Lower Control Limit (LCL) = mean - 3sd. 
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If one or both of the control values are out of the acceptable limits, then the 

instrument is evaluated for problems and appropriate corrective action is taken. 

Affected samples are re-analyzed until the control is within limits. 

 

13.13.4 Check standards are the 1.0 ng/mL calibration standard analyzed every 

tenth sample. Check standard limits are ±20% of the target concentration. If one 

or more check standards are not within limits, affected samples are re-analyzed 

until all check standards are in control.  

 

13.13.5 There are two types of blanks: a filter blank and a water blank. Blanks are 

analyzed with each set of extracted filters. Water and filter blanks are analyzed 

in the beginning of a sample run. Water and filter blanks test for any 

contamination either in the nanopure water used to extract the sample set or on 

the filter. 

 

13.13.6 Spikes are unexposed filters spiked with 1 Spt of the 1 .0ig/mL Cr6 solution. 

Place the dried filters in a storage bag with the appropriate identification, such 

as date filters were spike and the chemist’s initials. Place the bag in the freezer 

until ready to use. A spike is extracted and analyzed with each sample set. It is 

usually analyzed after the filter blank. The filter spike calculated concentration is 

1 .O ng/mL. The spike recovery limit is ±20%.  

 

1.14 HAZARDOUS WASTE 

13.14.1 The eluent waste is acidic. Neutralize the waste by dissolving sodium 

hydroxide to the solution. The waste, originally clear, will change to a pink hue 

when it is close to being neutral in pH. Use pH strips to confirm the pH level. The 

waste removed from the satellite area should be neutral before placing into the 

appropriately labelled drum. For location of the hazardous waste drum and 

more information concerning the removal of hazardous waste contact the 

hazardous waste coordinator. 

 

14.2 In the laboratory there should be a satellite hazardous waste container for 

the hexavalent chromium working standards. Keep the stock standards in their 

individual containers. Do not place the stock standards in the working standards 

hazardous waste container. Contact the Hazardous Waste Coordinator for the 

removal of hexavalent chromium stock and working standards.  
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Only an extract of this procedure is offered here, for more details please refer to 

http://www.epa.gov/ttnamti1/inorg.html 
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Compendium of Methods for the Determination of 

Inorganic Compounds in Ambient Air 
Compendium Method 10-3.5 

 
 
DETERMINATION OF METALS  

IN AMBIENT PARTICULATE MATTER 

USING INDUCTIVELY COUPLED 

PLASMA MASS SPECTROMETRY 

(ICP/MS)  
 
 

Center for Environmental Research Information Office of Research and Development 

U.S. Environmental Protection Agency Cincinnati, OH 45268 
June 1999 
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