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1. INTRODUCTION TO THE GUIDANCE MANUAL 

 
 
This Guidance Manual for Drinking Water Quality Monitoring and Assessment has been 

prepared jointly by the National Environmental Engineering Research Institute, Nagpur and 

the National Institute of Communicable Diseases, Delhi under the auspices of the World 

Health Organization. 

 

1.1 Introduction 

 

The undesirable changes in abiotic and biotic components of an ecosystem have a direct 

relevance with the water quality. It leads to water pollution and oxygen depletion, and affects 

microbes, plants, animals, etc. To safeguard the health and life of living beings, drinking 

water standards have been prescribed. The water bodies/inland surface waters have been 

classified into various categories to be used for specific purposes. To evaluate the quality of 

water, determination of chemicals have to be prioritised so that water can be used safely for 

the desired purpose. The chemical measurements in water quality control and determination 

of priority contaminants would mean to analyse as per standard procedures. Therefore, 

depending on quality and usage, the water needs to be tested for chemicals to know 

whether the water is meeting the prescribed standards or not. 

 

1.2 Purpose 

 

The manual describes the basic aspects of laboratory set-up and analytical methods for 

regular testing and surveillance of drinking water quality (SDWQ). The purpose of this 

manual is to describe various elements of laboratory management practices and analytical 

methods to ensure that the data it generates is of known and documented quality, and its 

suitability for any given purpose can readily be ascertained. From the water testing 

laboratories having the type of set-up and following the methods and procedures described 

in this manual, users can be confident that the data generated by the laboratory is 

comparable and scientifically correct. The manual will be helpful at the grass-root level for 

the personnel working in various drinking water testing laboratories. In addition, it will provide 

guidance to the persons at different managerial levels of the laboratories. 

 

1.3 Scope and Application 

 

This manual describes various aspects of organisational structure of the laboratory, roles 

and responsibilities, staff management and training. The basic set-up of laboratory 

management required for drinking water testing has been explained. Two generally 

applicable methods for analysing all the essential parameters for drinking water quality 

testing are described. The testing procedures of all those parameters monitored as per 

Indian Standards for drinking water are provided in the manual. In addition, analytical 
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methods for a few additional parameters required in typical situations like industrial pollution 

are given. 

 

The guidance manual will improve and support the quality of data generated by water testing 

laboratories. 

 

1.4 Organisation and Use of Manual 

 

The manual comprises of ten sections which cover the overall requirement in water testing 

laboratory and analytical methods that are applicable to laboratories at panchayat, village, 

block, district, state and central levels. The guidance manual deals with topics like water 

safety plan, organisational setup for water quality assessment laboratory, test methods and 

standard operation procedures, data quality, quality assurance and quality control, 

environmental management systems, record keeping, safe laboratory practices and 

management, collection and preservation of samples and analytical methods for water 

quality assessment. 
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2. WATER SAFETY PLAN 
 
2.1   Introduction 

 

Provision of safe drinking water is vital for protecting public health and promotes secure 

livelihood. On a regular basis, provision of safe drinking water is limited to occasional 

assessment of drinking water quality by laboratory testing and rarely involves proactive 

management of water safety. To ensure the delivery of safe drinking water, it is essential to take 

into account exposures and risks in order to make informed and balance judgments about the 

levels of health protection. 

 

The 3rd Edition of the "Guidelines for Drinking Water Quality" published by the World Health 

Organisation suggested five key components that will support delivering safe drinking water. 

These are: 

 

1. The establishment of health-based targets for microbial and chemical quality of 

water. 

 

2. A system assessment to verify whether the water supply from catchment to 

consumer can provide safe drinking water at the end point. 

 

3. Monitoring of identified control measures within water supply system. 

 

4. Management plans describing the system assessment, monitoring tools and 

corrective actions. 

 

5. Independent public health surveillance of water safety. 

 

The components 2 to 4 mainly constitute what is called "Water Safety Plan" (WSP). 

 

2.2   Need for WSP 

 

The traditional approach to water safety measures relies on 'end-product testing'. The problem 

with this approach is that the results are too little and too late to take up preventive measures. 

 

Research has also shown that pathogens may be found when commonly used indicator bacteria 

are absent in the tested water. These pathogens in water are capable of transmitting diseases 

but the water meets standards for indicator bacteria. 
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Secondly, by traditional methods the results take several hours to be formulated. That is too 

long. By that time the community has consumed the water and damage has already been done. 

This is a particular problem with microbial quality. 

To improve water safety, use of quality assurance procedures is promoted. These procedures 

have the advantage over end-product 

testing in that they ensure the processes involved in delivering safe drinking water are operated 

properly and under full control at all times. However, quality assurance has been practised for 

many years in water supply systems. These include: 

 

 Multiple barrier principle in water supply design; 

 

 Documentation of operating procedures; 

 

 Use of regular monitoring of key operational parameters such as chlorine residue and 

turbidity. 

 

Some water supply managers in developed countries have applied formal quality assurance 

schemes such as those based on ISO 9000 and the Hazard Analysis and Critical Control Points 

(HACCP) scheme used in the food industry. The WSP approach uses many of the components 

of HACCP and also elements of other approaches such as those within ISO 9000 and the 

concept of total quality management (TQM). 

 

 

2.3   What is WSP? 

 

WSP is an improved risk management tool. It identifies: 

 

 The hazards that the water supply is exposed to and the level of risk associated with 

each; 

 

 how each hazard will be controlled; 

 

 how the means of control will be monitored; 

 

 how the operator can tell if control has been lost; 

 

 what actions are required to restore control; and 

 

 how the effectiveness of the whole system can be verified. 
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By developing a WSP (Figure 2.1), the system managers and operators will gain a thorough 

understanding of their system and the risks that must be managed. This knowledge can then be 

used to develop operational plans and identify key priorities for action. 

 

 

2.4   Developing WSP 

 

The development of a WSP involves: 

 

 preventing contamination of source waters; 

 

 treating water to reduce or remove contamination in order that water safety targets are 

met; and  

 

 preventing re-contamination during storage, distribution and handling of water 

 

For carrying out these activities, the water supply management authorities are expected to: 

 

 assemble a team that understands the system and its ability to meet the water quality 

targets; 

 

 identify contamination points within water supply systems, and how these could be 

controlled; 

 

 validate the methods employed to control hazards; 

 

 establish a monitoring system to check that safe water is consistently supplied, and 

agreed corrective actions in the case of deviation outside acceptable limits; 

 

 periodically verify that the WSP is being implemented correctly and is achieving the 

performance required to meet water safety targets. 

 

To establish a WSP, a number of steps are involved (Figure 2.2). There are some essential 

prerequisites as well. These include getting commitment from managers and planning relevant 

activities. Once the commitment is obtained, the WSP steering group is formed, the water 

supply system described, field assessment of the supply undertaken and then system-specific 

WSP matrices are developed. These need to be cross checked and can be periodically 

improved and verified using selected microbial parameters. 
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Figure 2.1: Development of WSP 
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Figure 2.2: Steps in the development of a Water Safety Plan 
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2.5   Limitations for development of WSP 

 

While developing the WSP, the following limitations were noticed at many places in the 

developing world. These include: 

 

 Limited data availability - in many systems the data collection and storage is being 

practised only recently; 

 

 Unplanned development - limited regulations has resulted in unplanned development 

making it difficult to locate all supply mains; 

 

 Sanitation and drainage systems - poor access to sanitation and drainage systems 

means potential cross connection; 

 

 System knowledge - much of the information on pipe network may not be available as 

records may have been removed or misplaced; 

 

 Equipment/human resources availability. 
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3.  ORGANISATIONAL AND LABORATORY SET-UP FOR A 
WATER QUALITY ASSESSMENT LABORATORY 

 
 

 

3.1   Organisational Aspects 

 

Governments across the globe are making serious efforts to provide safe drinking water to one 

and all. Provision of safe drinking water warrants a strong laboratory network for water quality 

assessment (Figure 3.1). 

 
 
 
 
 

 

 
 

 

     
 

 

 

 

 
 
 
 
 
 
 
 

 
Figure 3.1: Water Quality Assessment Laboratory Network 
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of capital nature are, therefore, invariably assigned to the Public Health Engineering Department 

or Water Supply and Sewerage/Drainage Boards. A five-tier laboratory network has been 

proposed which comprises of a central (bigger state), state capital (regional bigger state/state 

capital, smaller state), district headquarters, block, panchayat/village/camp laboratories at the 

site as per the necessity (Figure 3.1). Criteria for location and number of laboratories also 

depend on various aspects like: 

 

 Number of water supply schemes in the basin 

 

 Population served 

 

 Concentration of industries 

 

 Logistics (distance) 

 

 Financial implications 

 

 

3.2   Functions of a Water Quality Testing Laboratory 

 

Well defined functions of a water-testing laboratory are to: 

 

 Determine the quality of water for its designated use; 

 

 Identify sampling stations and frequency; 

 

 Delineate areas of pollution (hotspots); 

 

 Provide reference point to monitor improvement or deterioration in water quality; 

 

 Determine the risk of pollution from various sources like agricultural practices (pesticides 

and fertilisers), industrial discharges, municipal sewage disposal and disposal of solid 

wastes; 

 

 Improve quality of life. 

 

The performance and capabilities of any water quality assessment and quality assurance 

laboratory depend mainly on the parameters given in Figure 3.2. 
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3.3   Laboratory Facilities 

 

This is an area which calls for resources - both human and financial. Laboratory work must be 

carried out based on a concept of efficiency and effectiveness. In fact, the efficiency and 

effectiveness of the laboratory will be measured by the prompt performance of the analysis and 

reporting of results, as well as by the reliability of the results. 

 

To ensure reliability of results, a system will need to be put in place which monitors the 

analytical quality and guarantees the accuracy of the analytical results. The quality of the 

analytical information will have a direct repercussion on the identification and effectiveness of 

the corrective steps to be taken in order to rectify defects in the supply system, which has 

caused the deterioration of water quality. 

 

With regard to equipment, the laboratory should have a variety of materials congruent with the 

level of surveillance or control planned for the country, region or locality. Generally speaking, 

laboratory materials fall into the following categories: 

 

 Equipment and instruments 

 

 Furniture 

 

 Reagents for physical and chemical analyses, and culture media for bacteriology 

 

 Laboratory glassware 

 

 Miscellaneous materials and calibration standards 

 

In principle, analysis should be carried out in a laboratory as near as possible to the place from 

where the samples are obtained, in order to reduce to a minimum the risk of their being altered 

during transport, particularly the microbiological samples. An added advantage is that the closer 

the laboratory, the lower the transport costs. 

 

With reference to the organisation of a system of water quality assessment laboratories, it will 

nearly always be necessary to have a structure based on a central laboratory, a certain number 

of regional laboratories, and a series of basic laboratories at the district level. This structure may 

be complemented with staff using portable equipment to make on-site measurements of the 

most important parameters, as a means of ensuring greater decentralisation and coverage. 
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* National Accreditation Board for Testing and Calibration Laboratories 

 

 
Figure 3.2: Performance and capabilities of a laboratory 
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The central or referral laboratory should be an accredited one or recognised by an organisation 

of repute and prestige in the national scenario. It should be equipped to deal with the 

parameters identified in the quality standard for drinking water. The central laboratory, besides 

complying with these tests and fully guaranteeing the quality of its own analysis through a 

quality assurance programme, should also be responsible for performing external control on the 

quality of the analysis performed by the smaller laboratories. 

 

The regional laboratories should be capable of carrying out a moderate series of physical, 

chemical and microbiological analyses, which must be subject to quality assurance programmes 

to guarantee their quality. In addition they should have the capacity to offer support services to 

the district laboratories or to the staff carrying out tests using portable equipment. 

 

3.4   Requirements of a Water Testing Laboratory 

 

3.4.1    Physico-chemical parameters 

 

Equipment: The performance and capabilities of a laboratory depend heavily upon 

instrumentation, equipment, staff and other facilities. 

 

Analytical instruments and equipment are mostly in the development stage with manufacturers 

continuously striving for miniaturisation, better  durability  and sensitivity,  and improved  

automation. Consequently, the selection and purchase of analytical equipment and instruments 

is a tedious process.  List of the equipment and instruments most commonly used for water 

analysis is presented in Table 3.1. These represent basic equipment and instruments used, and 

need careful consideration before purchase.  This list may require additions or deletions subject 

to the need of the laboratory and availability of funds. 

 

Chemicals: Chemicals generally required for the estimation of common parameters in a Water 

Testing Laboratory are given in Table 3.2. The quantity of different items required for a 

laboratory has not been included, as this will depend on the nature and volume of work to be 

handled. Chemical reagents, solvents and gases are available in a wide variety of grades of 

purity ranging from commercial grade to various 'Ultra pure' grades. The purity of these 

chemicals required in a Water Technology Laboratory varies with the type of analysis. The 

parameter being measured and the sensitivity and specificity of the detection system are 

important factors in determining the purity of reagents required. For most of the analyses, 

analytical reagent grade is satisfactory. However, trace inorganic and organic analysis 

frequently require special 'Ultra pure' reagents, solvents and gases. In methods of estimation 

where purity of reagents is not specified, it is recommended that analytical reagent grade is 

used. Reagents of lesser purity than that specified by the method should not be used. 
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Glassware and miscellaneous: Laboratory glassware is used for storage of reagents and 

measurement of solutions, volume and confinement of reactions. Good quality glassware should 

be used in a laboratory engaged in Water Technology. There are many grades and types of 

glassware ranging from student grade to others possessing specific properties such as 

resistance to thermal shock, low boron content and extra strength. Borosilicate glass bottles 

with ground glass stoppers are recommended for most standard solutions and solvents. Plastic 

containers are also used but they should not be used to store reagents required for organic 

analysis. Photo-sensitive reagents are stored in brown coloured bottles. Resistant glass bottles 

with glass stoppers are necessary for collecting samples.  All volumetric glassware should be 

accurately calibrated. The list of common glassware and miscellaneous items required for a 

Water Technology Laboratory is given in Table 3.3. 

 

Table 3.1: Instruments and equipment for water quality assessment laboratory 

 

Sl. No. Items Level of laboratory 

State/District/City 

Instruments 

1 Atomic Absorption Spectrometer (AAS) with 

graphite furnace  

State 

2 Conductivity Meter Central, State, District, Block  

3 Dissolved Oxygen Meter  Central, State, District  

4 Flame Photometer Central, State, District  

5 Gas Chromatograph Mass Spectrometer 

(GCMS) 

State 

6 Gas Liquid Chromatography (GLC) State 

7 High Performance Liquid Chromatography 

(HPLC) 

State 

8 Inductively Coupled Plasma Spectrometer 

(ICPS) 

State 

9 Mercury Analyser  State  

10 Microscope Central, State  

11 Monopan Digital Balance, Chemical Central, State, District  

12 Nephelometer (Turbidimeter) Central, State, District, Block, 

Gram Panchayat  
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Sl. No. Items Level of laboratory 

State/District/City 

13 pH Meter Central, State, District  

14 Specific Ion electrodes (F, Cyanide and 

others) 

Central, State  

15 Specific Ion Meter Central, State  

16 Spectrophotometer (Visible and Ultraviolet) Central, State, District  

17 Stereoscopic Microscope Central, State, District  

18 Total Organic Carbon Analyzer State 

Equipment 

1 Auto Pipettes Central, State, District 

2 Autoclave Central, State, District  

3 BOD Incubator Central, State, District  

4 Centrifuge (100 mL tube, 250 mL bottles, 

2400 rpm and above with adjustable rpm)  

Central, State, District, Block, 

Gram Panchayat  

5 Colony Counter Central, State, District, Block, 

Gram Panchayat 

6 Colour Comparator and Comparator Test Set 

for residual chlorine or Chloroscopes 

Central, State, District, Block, 

Gram Panchayat 

7 Demineralizer Central, State, District  

8 Dessicators Central, State, District, Block, 

Gram Panchayat 

9 Double Distilled Water apparatus Central, State, District, Block   

10 Fume Cupboard Central, State, District  

11 Heating Mantle and Hot Plates Central, State, District, Block   

12 Humidity Meter (for environmental conditions 

monitoring) 

Central, State, District 

13 Incubators 37 0C and 44 0C Central, State, District  

14 Jar Test Apparatus Central, State, District  

15 Kjeldahl Plus Nitrogen Analyzer / COD 

digester 

Central, State  
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Sl. No. Items Level of laboratory 

State/District/City 

16 Laminar Air Flow Central, State, District 

17 Magnetic Stirrer Central, State, District 

18 Membrane Filter Assembly Central, State, District  

19 Microwave Oven Central, State  

20 Muffle Furnace Central, State, District  

21 Oven Central, State, District  

22 Physical Balance Central, State, District, Block, 

Gram Panchayat 

23 Rotary Shaker Central, State, District  

24 Sieve Shaker with standard sieves Central, State, District  

25 Soxhlet Extraction Unit Central, State, District  

26  Vaccum Pump Central, State, District, Block, 

Gram Panchayat 

27 Water Bath with 12 Concentric Holes and 

Discs 

Central, State, District  

Miscellaneous   

28 Air conditioner Central, State, District  

29 Burners Central, State, District, Block, 

Gram Panchayat 

30 Celsius Thermometer  Central, State, District, Block, 

Gram Panchayat 

31 Deep Freezer Central, State  

32 Fire Extinguisher Central, State, District, Block, 

Gram Panchayat 

33 First aid Kit Central, State, District, Block, 

Gram Panchayat 

34 Fuel Gas cylinder or pipe gas supply Central, State, District  

35 Ice Box  Central, State, District  

36 Motorcycles with sampling kits Central, District  
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Sl. No. Items Level of laboratory 

State/District/City 

37 PC with printer Central, State, District  

38 Refrigerator Central, State, District  

39 Safety Equipments (Goggles, apron, gloves, 

gas mask) 

Central, State, District, Block, 

Gram Panchayat 

40 Telephone Central, State, District  

41 UPS Generator Central, State, District  

 

 
 

Table 3.2: List of chemicals 
 

Sl. No. Name of the chemical  Grade 

1.  Aluminium potassium sulphate AR 

2.  Acetic acid, glacial AR 

3.  Ammonium acetate AR 

4.  Ammonium perpurate (murexide) AR 

5.  Ammonia solution – Sp. Gr. 0.89 (30%) AR, GR 

6.  Ammonium chloride AR, GR 

7.  Tri-ammonium citrate GR 

8.  Ammonium persulphate GR 

9.  Di-ammonium hydrogen phosphate AR 

10.  Ammonium molybdate AR 

11.  Amino-2-naphthol-4-sulphonic acid AR 

12.  Acetone AR, HPLC grade  

13.  Agar-Agar GR 

14.  Aluminium ammonium sulphate GR 

15.  Aluminium hydroxide AR 

16.  Ammonium oxalate AR 

17.  Boric acid, anhydrous GR 
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18.  Boric acid, hydrous GR 

19.  Barium chloride AR 

20.  Buffer tablets: pH 4.0, pH 7.0, pH 9.2 GR 

21.  Beef extract GR 

22.  Bile salt GR 

23.  Brilliant green AR 

24.  Bromocresol purple AR 

25.  Chloramine-T AR 

26.  Chloroform AR, HPLC grade 

27.  Cobaltous chloride AR 

28.  Calcium carbonate GR 

29.  Calcium chloride (fused) GR 

30.  Carbon tetrachloride AR, HPLC grade 

31.  Citric acid AR 

32.  Copper sulphate GR 

33.  Crystal violet AR 

34.  Diethyl ether AR, HPLC grade 

35.  Dithizone AR 

36.  Diphenylcarbazide AR 

37.  EDTA (disodium salt) AR 

38.  Ethyl alcohol GR 

39.  Eriochrome Black T-dye powder AR 

40.  Eosin AR 

41.  Ethyl violet AR 

42.  Ferrous ammonium sulphate AR, GR 

43.  Ferric chloride, anhydrous AR, GR 

44.  Ferroin indicator AR, GR 

45.  Ferrous sulphate AR 
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46.  Formaldehyde solution 37-41% W/V AR, GR 

47.  Ferric ammonium sulphate GR 

48.  Glycerol GR 

49.  Glucose GR 

50.  Hydrochloric acid, conc. GR 

51.  Hydrogen peroxide solution GR 

52.  Hydroxylamine hydrochloride GR 

53.  Hydrazine sulphate AR 

54.  Hexamethylene tetramine (Hexamine) AR 

55.  Lactose GR 

56.  Methyl red indicator powder GR 

57.  Methyl orange indicator powder AR 

58.  Methyl alcohol (Acetone-free) AR 

59.  Mercuric nitrate AR 

60.  Mercuric sulphate AR 

61.  Mercuric iodide AR 

62.  Manganese sulphate AR 

63.  Methyl blue dye powder AR 

64.  Nitric acid, conc.  AR 

65.  Naphthylamine GR 

66.  Oxalic acid AR 

67.  Orthotolidine dihydrochloride AR 

68.  Phenolphthalein indicator powder AR 

69.  Potassium hydrogen phthalate AR 

70.  Potassium iodide AR 

71.  Phenol red indicator powder AR 

72.  Potassium cyanide AR 

73.  Potassium chromate AR 

Table 3.2: Continued  
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74.  Potassium dichromate AR 

75.  Potassium sodium tartarate AR 

76.  Potassium hydroxide AR, GR 

77.  Pyridine AR 

78.  Phthalic anhydride AR 

79.  Peptone GR 

80.  Potassium hydrogen bi-iodate GR 

81.  Potassium chloroplatinate AR 

82.  1-10, Phenanthroline hydrate AR 

83.  Orthophosphoric acid (Manganese-free) 88-93% AR 

84.  Potassium dihydrogen phosphate   GR 

85.  Phenol AR 

86.  Potassium nitrate AR 

87.  Di-potassium hydrogen phosphate AR 

88.  Perchloric acid 69-71% HCl04 AR 

89.  Petroleum ether 30-600C AR 

90.  Potassium ferro cyanide AR 

91.  Potassium iodate AR 

92.  Paraffin Wax (melting point 58-60OC) AR 

93.  Sodium hydroxide flakes GR 

94.  Sulphuric acid, conc.  GR 

95.  Sodium carbonate, anhydrous GR 

96.  Sodium thiosulphate GR 

97.  Sodium chloride AR 

98.  Sodium acetate, trihydrate GR 

99.  Stannous chloride dihydrate, arsenic-free GR 

100.  Silver Diethyl Dithio Carbamate GR 

101.  Silver nitrate AR 
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102.  Starch, soluble GR 

103.  Sodium sulphite, anhydrous AR 

104.  Sodium-azide GR 

105.  Sodium citrate  GR 

106.  Sodium fluoride, anhydrous GR 

107.  SPADNS dye; sodium 2-parasulphophenylaza 1-8-dihydroxy 3-6-
naphthaline  disulphonate 

AR 

108.  Sodium fluoride  GR 

109.  Sodium sulphate, anhydrous GR 

110.  Silver sulphate AR 

111.  Sulphanilic acid GR 

112.  Sodium nitrate AR 

113.  Di-sodium hydrogen phosphate GR 

114.  Stannous chloride GR 

115.  Sodium borate decahydrate (borax) GR 

116.  Sodium sulphide, Na2S.9H20 AR 

117.  Sodium aluminate GR 

118.  Sodium oxalate AR 

119.  Safranine AR 

120.  Sodium arsenate AR 

121.  Sodium dihydrogen phosphate AR 

122.  Tartaric acid dextro-rotatory AR, HPLC grade 

123.  Toluene AR 

124.  Zinc acetate GR 

125.  Zinc sulphate GR 

126.  Zirconyl chloride octahydrate GR 

 
Note: All the chemicals should be of AR grade. In case if AR grade chemicals are not available 

GR grade chemicals may be used. 

 

Table 3.2: Continued  
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Table 3.3: List of glassware and other consumables for water laboratories 

Sl. No. Item Capacity 

1.  Arsine Generating Apparatus Central, State  

2.  Beakers    50, 100, 250, 1000 mL 

3.  Beaker covers     75 mm dia. 

4.  Bottles (Aspirator)   1000 mL 

5.  Bottles (Winchester)  2500 mL 

6.  Bottles, glass stoppered wide mouth 250, 500, 1000 mL 

7.  Bottles, glass stoppered narrow mouth  125, 250, 500, 1000 mL 

8.  Bottles, glass stoppered narrow mouth, brown glass  125, 250, 500, 1000 mL 

9.  B.O.D. bottles 300 mL 

10.  Buchner funnels  9, 15 cm dia. 

11.  Burettes  25, 50 mL 

12.  Centrifuge tubes             Plain Graduated 

13.  Crucibles silica    46 mm 

14.  Crucibles, gooch holders  - 

15.  
Dessicators, 300  mm dia. with cover ground to fit  the 

porcelain plate with holes for crucibles 
40-50 mm dia. 

16.  
Dessicators, Vaccum of strong white glass  with Stop 

cock, hook and rubber cork 
300 mm dia. 

17.  Double distillation unit  - 

18.  Durham tubes 5 x 30 mm 

19.  Dropping bottles     100 mL 

20.  Erlenmeyer flasks  50, 100, 250, 1000 mL 

21.  Evaporating dishes  75, 90 mm 

22.  Filter paper 9 cm and 12 cm packages Whatman No. 5 - 

23.  Funnels  65, 90 mm 

24.  Flasks, glass supported  250 mL 
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25.  Flasks, flat bottom boiling  500, 1000 mL 

26.  Flat bottom COD Flasks  with condensers 250 mL 

27.  Flask, suction  500, 1000 mL 

28.  Glass tubings, assorted sizes  - 

29.  Imhoff cones   1000 mL 

30.  Kjeldhal flasks 100, 250 mL 

31.  Mortars, porcelain unglazed inside, complete with pestle 150 mm 

32.  
Mortars, Heavy glass, bottom ground inside, complete 

with pestle  
100 mm 

33.  Mortars heavy iron complete   150 mm 

34.  Measuring cylinders  25, 50, 100, 250, 500, 1000 mL 

35.  Measuring cylinders stoppered  50, 100, 250 mL 

36.  Nessler tubes 100 mL 

37.  Nitrogen distillation assembly  60 mm x 15 mm 

38.  Petri dishes  100 mm x 17 mm 

39.  Pipettes, bulb 5, 10, 20, 25, 50, 100 mL 

40.  Pipettes, graduated  1, 2, 5, 10, 20 mL 

41.  Polythene bottles with double stopper 100, 500, 1000 mL 

42.  Polythene cans  1, 2.5, 5, 20 L 

43.  Polythene carbuoys  150 mL 

44.  Porcelain dishes  

45.  
Quickfit standard ground joints, pyrex glass equipment, each cone and socket should be 

complete with apprx. 150 mm of tubing size number of the joint;  B-10, B-24, B-40.  

Quickfit, general utility, etc. Consisting of the following Pyrex glass or its equivalent. Flask 100 mL.  RB B 

245, Flask 500 mL.  RB B 24 U, Flask 1000 mL.  RB B 24 u, Reduction adapter DA 23, Multiple adapter MA 

4/23, Still head SH 6/22, Thermometer pocket SH 4 A, Splash head SH 7/02, Liebig condenser C 1/22, 

Receiver adapter, long RA 1/12 with hook, Vacuum receiver adapter RA 3/23, Stirrer, link type ST/1/1, Stirrer, 

guide ST/2/2, Stirrer, glass fitting ST/412 brass, Cone with stem, strait MF 15/15, Cone with stem, bent 

MP/15/2B, Adapter with side tube MF 18/3, Dropping funnel D 2/22 
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46.  
Quickfit condenser Pyrex glass or its equivalent with B-24 cone and socket, Liebig (thin wall) 
– 500 mm, Internal coil – 300 mm, Double-surface – 400 mm, Allihn's bulb type – 250 mm 

47.  Rubber tubings assorted sizes  

48.  Separating funnels  100, 250, 500, 1000 mL 

49.  Silica glass crucibles  25 mL 

50.  Sintered glass crucibles 100, 250, 500, 1000 mL 

51.  Test Tubes, assorted sizes   

52.  Test tubes without rim 

75 x 10 mm, 150 x12 mm, 

150 x 15 mm, 150 x 18 mm, 

150 x 25 mm 

53.  Tiles white glazed for comparing colour  250 mm square 

54.  Volumetric flasks 25, 50, 100, 250, 500, 1000 mL 

55.  Wash bottles 500, 1000 mL 

56.  Watch glasses, assorted sizes  

57.  Water suction pumps  

Miscellaneous 

1. Bossheads and clamps 

2. Burette stand 

3. Glass rods 

4. Glazed tiles (see item 52 above)  

5. Grease, white for burette cocks, etc. 

6. Laboratory chemicals first-aid chart 

7. Laboratory chemicals spillages Chart 

8. Pipette stand 

9. Spatula 

10. Teepol 

11. Vim or its equivalent for cleaning laboratory sinks 

12. 
Weighing bottles 

 



Guidance Manual for Drinking Water Quality Monitoring and Assessment :  Second Edition 

 

NEERI  Nagpur & NICD, Delhi              3-17 

 

Digestion/Heating 

1. Asbestos sheet 

2. Glass beads 

3. Porcelain triangle 

4. Tripod stand 

5. Wire gauze with asbestos centre 

Colorimetric estimations 

1 Nessler tube stand 

2. Tissue paper 

3. Wash bottle 

General 

1. Clamps, burette 

2. Clamps, condenser 

3. Clamps, holder 

4. Clamps, pinch 

5. Cork borers 

6. Corks assorted sizes 

7. Craft paper 

8. Glass marking pencils 

9. Glass tubes 

10. Iodine 

11. Iron Stands 

12. Laboratory chemicals first-aid chart 

13. Lysol/Dettol 

14. Nichrome wire 

15. Non-absorbent cotton 

16. Pipette case, cylindrical, of copper or stainless steel 

17. Rings, iron 12 cm. 
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18. Rings, iron 9 cm. 

19 Rubber Stoppers 

20. Spirit lamp 

21. Tongs 

22. Twine balls 

23. Wooden racks                          

 
 

 3.4.2 Microbiological Parameters 
 

A.  Equipment and glassware / plasticware 
 

Equipment: 
 
●  Incubator: Preferably a BOD type. Required for incubating the fermentation tubes, culture plates, etc. Should be 

capable of maintaining uniform and constant temperature of 35-37
0

C (±0.5
0

C) at all times, in all parts of the incubator. 

It shall have a mechanical means of circulating air. Where the ordinary room temperatures vary excessively, it is 

desirable that the laboratory incubator be kept in a special room that can be maintained at a few degrees below 

the recommended incubator temperature.  Incubator temperature should be checked and recorded twice daily 

(usually in the morning and in the afternoon). 
 

●  Thermometer:  Glass, dial or electronic thermometers must be graduated in 0.5
O

C increments (0.2
O

C increments 

for tests which are incubated at 44.5
O

C) or less. The fluid column in glass thermometers should not be separated. 

Dial thermometers that cannot be calibrated should not be used. The calibration of glass and electronic 

thermometers should be checked annually, and dial thermometers quarterly, at the temperature used, against a National 

Institute of Standards and Technology (NIST)-traceable reference thermometer or an equivalent traceable reference 

thermometer. The calibration factor and date of calibration should be indicated on the thermometer. In addition, the 

laboratory should record in a QC record book the following information: 
 

- Serial number of laboratory thermometer 
 

- Serial number of NIST-traceable thermometer (or other reference thermometer) 

 
- Temperature of laboratory thermometer 

 
- Temperature of NIST-traceable thermometer (or other reference thermometer) 

 
- Correction (or calibration) factor 

 
- Date of check 

 
- Analyst’s initials 
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If a thermometer differs by more than 1
O

C from the reference thermometer, it should be discarded. Reference 

thermometers should be recalibrated at least every five years. Reference thermometer calibration 

documentation should be maintained. 
 
●  Water-bath (serological): Required for carrying out the test for faecal coliforms by incubating the fermentation 

tubes at 44.5
O

C. Should be capable of maintaining constant temperatures between 

44 and 45
O

C. Should be adequately insulated against heat loss and should be provided with an accurate thermometer 

whose bulb is immersed in water at the level of medium in the fermentation tubes. Continuous recording and monitoring 

of temperature is a must. 
 
●  Hot-air oven: Required for sterilisation of glassware. Should be of sufficient size to prevent crowding of the interiors, 

and constructed to give uniform and adequate sterilising temperatures (in the range of 160-180OC). An accurate 

thermometer covering the range and periodic monitoring of accuracy is a must. A maximum-registering thermometer 

is recommended. 
 

●  Balances: Use balances with a sensitivity of at least 0.1 g at a load of 150 g, with appropriate weights. Use analytical 

balance having a sensitivity of 1 mg under a load of 10 g, for weighing small quantities (<2 g) of materials. Single-

pan (Mono-pan) electric balances are most convenient. Each laboratory should develop a method to calibrate 

balances. Standard traceable weights are recommended. Calibration should be performed monthly. 
 
● Autoclave: Required for wet sterilisation of glassware/plastic-ware, media, fermentation tubes, etc. Should be of sufficient 

size to prevent crowding of the interiors, and constructed to provide uniform temperatures within chambers up to 

and including sterilising conditions of 1.02 (± 0.03) kg/cm
2 gauge pressure (corresponding to 15 (±0.5)  lb/in

2   

gauge pressure or 121
O
C temperature approximately).  A maximum-registering  thermometer  is 

recommended. Autoclave timing devices should be checked periodically for accuracy. Each autoclave run should be 

monitored to determine whether sterilisation conditions were reached (this might include spore strips or a system 

where a bottle with non- selective broth is included with each autoclave load and then incubated overnight and 

observed for growth.) Media should be checked after sterilisation for signs of overheating (usually a darkening of 

the media is observed). 
 
● Refrigerator: Select a refrigerator of sufficient capacity, depending on the work load, and capable of maintaining 

continuous temperature between 4
O

C and 8
O

C in the outside (non-freezer) compartment. 
 

● Membrane Filtration Equipment: Use filter funnels and membrane holders made of seamless stainless steel, glass or 

autoclavable plastic that does not leak and is not subject to corrosion. Properly standardised filtration equipment is 

available from commercial manufacturers. 
 

● Colony Counter: A Quebec or similar colony counter will be suitable (optional); useful in the MF test. 
 

●  Gas burner: A Bunsen or similar burner is adequate. 
 
● Inoculation loop and holder: Lengths of 7.5-10 cm (24 or 26 gauge) wire should be used. Nichrome wire is acceptable, 



Guidance Manual for Drinking Water Quality Monitoring and Assessment :  Second Edition 

 

NEERI  Nagpur & NICD, Delhi              3-20 
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but platinum- iridium is better. The wire is set in a handle made of metal or glass, of diameter similar to that of a pencil. 

To make the inoculation loop, the wire is bent to form a circle 3-4 mm in diameter. 
 
● Cleaning and maintenance equipment: Items such as brushes for cleaning tubes, bottles, etc., a waste bin and a tool 

kit are required. 

● Safety equipment: There should be an adequate first-aid kit and a fire extinguisher or other means of fire control in 

every laboratory. 

 

Glassware/Plastic-ware: 
 
● Pipettes: Pipettes of various convenient sizes (2, 5, 10, 50 mL) will be required. Accuracy of volume delivered is very 

important and the error of calibration should not exceed 2.5%. Pipettes with unbroken tips and distinctively marked 

graduations should be used. Alternatively disposable (single use) pre-sterilised plastic pipettes may be used in place of 

glass pipettes. Rubber bulbs or automatic/ semi-automatic pipetting device should be used to avoid mouth- pipetting. 
 
● Sample collection bottles: As mentioned under the Section 9.3.9. 
 
● Petri dishes/plates: Glass or clear plastic (disposable, pre-sterilised) Petri dishes of 90 mm dia., with side wall at least 15 

mm high. 
 
● McCartney bottles (± 30 mL capacity), with metal (aluminium) screw cap lids and rubber washer (required for 

preparing H S-Strip vials) 
 
● Test-tubes and racks: Tubes can be 20 x 150 mm in size for 10 mL sample volumes plus 10 mL of culture medium 

(screw caps are not recommended for fermentation media). The racks should be large enough to accommodate culture 

tubes of the largest diameter used. 
 
●  Bottles: Used for the larger volumes consisting of 50 mL of sample and 50 mL of culture medium. They should have 

loose-fitting caps and ideally be calibrated with 50 mL and 100 mL marks. Conical flasks of 100-150 mL capacity 

may also be used. 
 
●  Media preparation equipment: Glass or stainless-steel containers (usually flasks) are required. Any heating 

equipment and stirrers used in the preparation of media should be clean and free from soluble toxic materials. 
 
●  General laboratory equipment: Various sizes of round and Erlenmeyer flasks, beakers, stands, glass or 

unbreakable plastic measuring flasks, spatulas, etc. are required. 
 
● Distilled Water Plant: To prepare culture media and reagents, distilled water or demineralised reagent-grade water would 

be necessary. The final product (water) should be free from dissolved metals, and bactericidal and other inhibitory 

compounds. A wide range of commercially manufactured distillation stills and deionisers are available. However, a 

fully automatic distilling plant capable of delivering distilled water continuously, wall mounting type, entire 

fabrication made of stainless steel, 4 L/Hr capacity (2 KW x 2 heating elements) or 6 L/Hr capacity (2 KW x 3 

heating elements) would be ideal 

. 
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B.  Supplies (dehydrated media, chemicals, reagents and kits) 
 

For MPN Coliform test: 
 

●  MacConkey broth (double strength) with Neutral Red-available commercially in ready-to-use, dehydrated form 

from various manufacturers; 
 
●  MacConkey broth (single strength) with Neutral Red-available commercially in ready-to-use, dehydrated form 

from various manufacturers; 
 
●  Brilliant Green Bile broth (BGB)-available commercially in ready- to-use, dehydrated form from various 

manufacturers; 
 
●  Tryptone water/Peptone water  (for indole test)-available commercially in ready-to-use, dehydrated form 

from various manufacturers; 
 
●  MacConkey agar w/o CV (crystal violet), w/ 0.5% bile salts- available commercially in ready-to-use, 

dehydrated form from various manufacturers; 
 
●  EMB Agar (Levine)-available commercially in ready-to-use, dehydrated form from various manufacturers; 

 
● Kovac's Reagent-available commercially in ready-to-use form from various manufacturers. 

 
For H S-Strip Test: 

 
Chemicals: 

 Peptone, Bacteriological Grade I.P. 

 Dipotassium Hydrogen Phosphate, A.R. Grade 

 Ferric Ammonium Citrate, A.R. Grade 

 Sodium thiosulphate, A.R. Grade 

 Teepol / Sodium Dodecyl Sulphate (SDS) 

 L- Cysteine Hydrochloride, Monohydrate 

Other miscellaneous items: 
 

●  Non-toxic, colourless tissue paper napkins (size 80 cm2) 
 

● Forceps 
 

●  Scissors 
 

C.    Materials Required for QC 
 

●  Standard culture of Escherichia coli (ATCC _25922) 
 

●  Standard culture of Salmonella typhimurium (MTCC 98*) 

OR 
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Standard culture of Citrobacter freundii (MTCC 1658*) 
 
●  Self-adhesive Autoclave Tape (sterilisation indicator) 
 
●  Bacillus stearothermophilus-spore strips (biological indicator of sterilisation) 
 
Obtainable from: Curator 

Microbial Type Culture Collection & Gene Bank (MTCC) INSTITUTE OF MICROBIAL TECHNOLOGY 

Sector 39-A, Chandigarh - 160036 INDIA 

Telephone: 2690562(EPABX 2690004, 2690173, 2690713, 2690908) Fax: +91-172-2690585/2690632 Telegram: 

IMTECH 

E.MAIL: curator@imtech.res.in 
 
3.5  Human Resources 
 
Staff needs for a good water quality assessment laboratory in water supply services vary a great deal and there is no 

reliable method of determining the number of staff members necessary to serve a given population, or the number 

needed for taking a given quantity of samples in different kinds of water supply systems. To estimate needs in terms of 

human resources, the following factors have to be taken into account: 
 
● Analytical parameters 
 
● Schedule of on-site analysis, camp analysis and laboratory analysis 
 
●  Sample preservations 
 
●  Frequency of sampling 
 
●  Geomorphology of the area 
 
● Demographic conditions 
 
● Size and complexity of the supply system 
 
●  Distance of sampling points and water supply systems 
 
●  Condition of road and traffic 
 
● Type of vehicle used 
 
● Season and climate 
 
● Sampling facilities 
 
●  Cooperation of the staff of water supply agency 
 
● Cooperation of the community 
 
● Degree of training of the staff conducting surveillance. 

mailto:curator@imtech.res.in
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3.6  Staffing Pattern 

  

A well-equipped water quality assessment laboratory prompts a fundamental need for a well-defined staffing 

pattern. Table 3.4 outlines guidelines for staff pattern for such laboratories. 
 

Table 3.4: Suggested guidelines for staff pattern of the laboratories 

 

Sl. 
No. 

Designation No. 

1 Central (City/State capital bigger state)-Water Supply Agency - Laboratory for Monitoring Water Quality 
Level - 5 

1.1 Chief Analyst 

Team Leader of Team - 3 and 

Chief Executive of Surveillance of Drinking 

Water Quality in the State 

 

1 

1.2 Superintending Analyst 
 
(Post-graduate in Chemistry / Bacteriology / Microbiology / 

Environmental Science/Biochemistry and minimum 10 years of 

experience in analysis of water and related material with knowledge of 

established techniques of chemical and 

bacteriological analysis of water and materials normally used in water 

treatment excluding the functional group analysis 

and monomer content  estimation but including physical methods of 

quality control of polymers used in water treatment. Knowledge of PC 

operation with computer - operated monitoring and measuring devices, 

Windows and MS Office) 

 

1 

1.3 Executive Analyst 

(Post-graduate in Chemistry/ Bacteriology/Microbiology/ Environmental 

Science/Biochemistry and minimum 5 years of experience in analysis of 

water and related material with knowledge of established techniques of 

chemical and bacteriological analysis of water and materials normally 

used in water treatment excluding the functional group analysis and 

monomer content estimation but including physical methods of quality 

control of polymers used in water treatment. Knowledge of PC operation 

with computer- operated monitoring and measuring devices, Windows and 

MS Office) 

Team Leader of Team-1 and Reporting to Head of Water Supply Agency 

1 

1.4 Assistant Analyst One per plant of capacity 
up to 200 mld or multiple 
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(Post-graduate/graduate in Chemistry with knowledge of established 

techniques of Physico-chemical analysis of water, alum, bleaching powder, 

chlorine solutions and lime. Knowledge of PC operation with computer-

operated monitoring and measuring devices, Windows and MS Office) 

 

up to 4 plants in single 
campus or within 5 km 
from the plant of highest 
capacity with total 
capacity of the system 
not exceeding 150 mld or 
proportional variation 

1.5 Suitable support staff and infrastructure or out-sourcing of associated jobs 
e.g. PC Operation, Photocopying, Lab maintenance, Cleaning, Stores, 
Transport. 

 

2 Water Supply of the City (smaller state capital)- Laboratory for Assessment of Drinking Water Quality, 
level-3 and level-4 

2.1 Superintending Analyst 

(Post-graduate in Chemistry/ Bacteriology/Microbiology 

/Environmental Science/Biochemistry and minimum 10 years of experience 

in analysis of water and related material with knowledge of established 

techniques of chemical and bacteriological analysis of water and materials 

normally used in water treatment excluding the functional group analysis and 

monomer content estimation but including physical methods of quality 

control of polymers used in water treatment. Knowledge of PC operation 

with computer-operated monitoring and measuring devices, Windows and 

MS Office) 

1 

2.2 Executive Analyst 

(Post-graduate in Chemistry/ Bacteriology/Microbiology 

/Environmental Science/Biochemistry and minimum 5 years of 

experience in analysis of water and related material with knowledge of 

established techniques of chemical and bacteriological analysis of water 

and materials normally used in water treatment excluding the functional 

group analysis and monomer content estimation but including physical 

methods of quality control of polymers used in water treatment. 

Knowledge of PC operation with computer-operated monitoring and 

measuring devices, Windows and MS Office) Team Leader of Team-1 

and Reporting to Head of Water Supply Agency 

1 

2.3 Assistant Analyst 
(Post-graduate/graduate in Chemistry with knowledge of established 
techniques of Physico-chemical analysis of water, alum, bleaching powder, 
chlorine solutions and lime. Knowledge of PC operation with computer-
operated monitoring and measuring devices, Windows and MS Office) 

One per plant of capacity up to 
200 mld or multiple up to 4 
plants in single campus or within 
5 km from the plant of highest 
capacity with total capacity of 
the system not exceeding 150 
mld or proportional variation 
AND 
One per population of 10 -20 
lakhs served in the 
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distribution system 

2.4 Assistant Analyst 
(Post-graduate/graduate in Bacteriology/Environmental 
Sciences/Microbiology/Biochemistry with knowledge of 
established techniques of bacteriological analysis of water. 
Knowledge of PC operation with computer-operated 
monitoring and measuring devices, Windows and MS 
Office) 

One per plant of capacity 
up to 200 mld or multiple 
up to 4 plants in single 
campus or within 5 km 
from the plant of highest 
capacity with total 
capacity of the system 
not exceeding 150 mld or 
pro portional variation 
AND 
One per population 
upto10 lakhs 

served in the distribution 
system 

2.5 Suitable support staff and infrastructure or out-sourcing of  
associated jobs e.g. PC Operation, Photocopying, Lab 
wasting, Cleaning, Stores, Transport 

 

3 Panchayat village and block - Laboratory for Assessment of Drinking Water 
Quality- Level - 1 and Level - 2 

3.1 Expert Analyst 
Post-graduate in Microbiology/Chemistry with expertise in  
- Microbiology 
- Analytical Chemistry 
- Organics 
- Pesticides 
- Instrumentation Specialist 
- Trace Metals 

6 

3.2 Assistant Analyst  
(Post-graduate/graduate in Chemistry with knowledge of 
established techniques of Physico-chemical analysis of 
water, alum, bleaching powder, chlorine solutions and lime. 
Knowledge of PC operation with computer-operated 
monitoring and measuring devices, Windows and MS 
Office) 

2 

3.3 Assistant Analyst 
(Post-graduate/graduate in Bacteriology/Environmental 
Sciences/Microbiology/Biochemistry with knowledge of 
established techniques of bacteriological analysis of water. 
Knowledge of PC operation with computer – operated 
monitoring and measuring devices, Windows and MS 
Office) 

2 

3.4 Suitable support staff or out-sourcing of consolidated 
analytical assignment to an organisation 

 

3.5 Suitable support staff and infrastructure or out-sourcing of 
associated jobs e.g. PC operation, photocopying, lab 
maintenance, cleaning, stores, transport 
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3.7   Organisational Set-up 

 
 

The organisational set-up provides an overview of the basic organisation, its management and staffing. It is divided into the 

following three sections: 
 
●  Organisational structure of the laboratory 

 
● Roles and responsibilities of personnel relative to the quality system 

 
● Training of management and staff 

 
 
3.7.1 Organisational structure of the laboratory 

 

The functional management of the laboratory should be well organised as shown in Figure 3.3. There is also the 

need to establish the organisational structure for a Regional/District laboratory based on functional responsibilities as 

indicated in Figure 3.4. 
 

Figures 3.3 and 3.4 represent  idealised hierarchical systems. The actual organisational structure should be 

adjusted to reflect the number of available staff. It is reasonable to combine the duties of a Manager and a Supervisor 

into a single individual (Figure 3.4). Likewise, the duties of two Directors, or two or more Supervisors can be combined, 

if necessary. The exact number of positions at the analyst level should be appropriate to the amount of work. Water 

quality assessment laboratory model for a Municipal/PHE laboratory is depicted in Figure 3.5. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.3: The organisational structure of the laboratory based on functional responsibilities 
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Figure 3.4: The organisational structure for Regional/District laboratory based on functional responsibilities 
 
 

3.7.2 Laboratory levels, roles and responsibilities of personnel relative to the quality system 
 

The levels of the different laboratory networks have been suggested as following: 
 

Levels of the laboratory:  
 

Level-I  :  Pancha.yat village 
 

Level-II : Block 
 

Level-III : District 
 

Level-IV : State (smaller state capital) 

Level-V  :  Central (bigger state level laboratories)  

 

The functional capability for analysis of various parameters as per the laboratory levels are defined in Table 3.5. 

Laboratory space and staff pattern requirement of the laboratories at various levels are detailed in Tables 3.6 through 3.9 

in section 3.7.4. 
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In addition to administering the field operational groups and providing leadership and overview for the quality system, the 

management team is responsible for allocating resources needed to ensure that the quality policy is implemented. To 

maintain the quality system, management supports the staff by promoting teamwork, facilitating exchange of 

information from both inside and outside the field organisation, and providing training and necessary resources to 

meet expectations of quality. 
 

Specific roles and responsibilities of the management and staff in implementing the field organisation's quality system 

are described below. The titles shown are functional descriptions of the roles that various individuals play in 

implementing the quality system rather than the particular title of any individual. 

 

Quality Assurance Officer (QAO): The individual who provides laboratory-wide overview to ensure that the 

policies and procedures described in the Quality Manual are being followed. In addition, the QAO is responsible for 

ensuring that laboratory staff members recognise and understand their respective roles in the overall success of the 

laboratory's quality system and have the requisite training needed to properly carry out their functions and 

responsibilities. He/she is also responsible for maintaining the central repository of Quality Manuals, Standard 

Operating Procedures (SOPs), and other quality-related documentation, and for issuing, updating, and distributing the 

quality documents as needed. The QAO also provides assistance to laboratory management and staff in resolving quality-

related issues. 
 

Supervisor: The individual responsible for supervising and providing methodology-specific training to the samplers or 

field analysts. The supervisor is responsible for overseeing the work of a specific group of individuals and for ensuring that 

the work of the group is carried out in a timely manner while adhering to the principles and procedures of the quality 

management system. The supervisor provides first level oversight of the field operations group and is responsible for 

providing day-to-day quality leadership to the members of his/her sampling and/or analytical group, and for identifying, 

reporting to his/her Directors of Field Operations (DFO) and to the QAO, and correcting quality problems on an ongoing 

basis. 
 

Field Staff: The individuals who provide specific knowledge, skills and expertise, and carry out the field and measurement 

activities involved in the data collection process. This includes the field sampling personnel, the members of the staff who 

transport ship, log-in, store or otherwise handle but do not analyse samples, and the analysts who prepare and analyse 

samples in the field. They are individually responsible for following the policies, methods and procedures as 

described in the Quality Manual as it pertains to their roles and responsibilities and for adhering to the appropriate 

SOPs. Each member of the field staff is responsible for identifying and reporting any quality problems that he/she 

encounters to their respective team leader or to the QAO. 

 
 
3.7.3  Training of managerial and technical staff 
 
All members of management and staff should be trained in those aspects of the quality system that are related to their job 

performance. This includes management, supervisory and technical training. This assures that each staff member 

understands and is prepared to execute his/her job correctly. 
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All of them should receive training in Health and Safety Plan, and the Waste Management Plan that cover laboratory and 

field operations. If any changes occur in the quality system, field sampling, measurement and administrative procedures, 

suitable training should be provided to the concerned staff. This action will be implemented by the QAO. Senior technical 

staff within the field operations group or qualified individuals from other organisations may train the staff on specific topics. 
 
Records of training shall be maintained by the QAO as part of the permanent record. All staff should sign a training 

record for each training class. The trainer or QAO should also sign the record of participation for all members of the staff 

receiving training. This record shall also summarise the material covered. 
 
 
3.7.4 Support lab space 
 
A well furnished laboratory is a prerequisite for the efficient quality assurance and quality control of the data 

produced. The size of the laboratory depends upon the type of physical, chemical, biological and bacteriological analysis 

carried out in it. The laboratory could be divided into several units e.g., physical, chemical, bacteriological, biological, 

preparation room, etc. (Analytical area, Balance room, Instrument room, Microbiology room, Sample room-sample receipt 

and sample storage, Conference room-cum-library, Staff office, Computer room, Store room, Maintenance room, Record 

room (archives), key personnel, Field monitoring equipment room, Waste storage area). In case of less number of 

parameters, the various units could be combined into one laboratory. 
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Table 3.5: Functional capabilities of the various laboratories 
 

Sl. No. 
 

Name of the test 
 

Laboratory levels 

I II III IV V 

1 Turbidity √ √ √ √ √ 

2 Colour  √ √ √ √ √ 

3 Odour √ √ √ √ √ 

4 Conductivity × 

 

× 

 

√ √ √ 

5 Alkalinity × 

 

× 

 

√ √ √ 

6 Residual chlorine √ √ √ √ √ 

7 pH √ √ √ √ √ 

8 Iron × 

 

× 

 

√ √ √ 

9 Chloride × 

 

× 

 

√ √ √ 

10 Hardness × 

 

× 

 

√ √ √ 

11 Total solids × 

 

× 

 

× 

 

√ √ 

12 Suspended solids × 

 

× 

 

× 

 

√ √ 

13 Nitrogen (ammonia) × 

 

× 

 

√ √ √ 

14 Nitrites × 

 

× 

 

√ √ √ 

15 Nitrates × 

 

× 

 

× 

 

√ √ 

16 Fluorides × 

 

× 

 

× 

 

√ √ 

17 Metal, viz., Arsenic, Aluminium, Lead, 
Manganese 

× 

 

× 

 
√ √ √ 

18 Chlorine demand × 

 

× 

 

√ √ √ 

19 Bacteriological analysis √ √ √ √ √ 

20 Biological analysis × 

 

× 

 

× 

 

√ √ 

21 Additional parameters, viz., BOD, COD, TOC, 
oil and grease, pesticides, mercury. 

× 

 

× 

 

× 

 

× 

 
√ 
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Table 3.6: Laboratory space for state and central level 
  

 Sl. 

No. 

Laboratory area  Space 

required (m2) 

1 Analytical area, balance and Instrument 

room  

92.903 

2 Microbiology room  27.871 

3 Biology room 27.871 

4 Sample room – sample receipt and 

sample storage  

37.161 

5 Conference room—cum library  46.451 

6 Staff office  37.161 

7 Computer room  18.581 

8 Store room  27.871 

9 Maintenance room  46.451 

10 Record room (achieves, key personnel) 37.161 

11 Field monitoring equipment  room  46.451 

12 Waste storage room  18.581 

 

 

 

Table 3.7: Laboratory space for district level 

 

Sl. 

No. 

Laboratory area  Space required 

(m2) 

1 Analytical area , balance and 

Instrument room  

83.613 

2 Sample room – sample receipt and 

sample storage  

18.581 

3 Staff office  27.871 

4 Computer room  9.290 
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Table 3.8: Laboratory space for block level 
 
 
 

Sl. 

No. 

Laboratory area  Space required 

(m2) 

1 Analytical area   18.581 

2 Instrument Room 18.581 

3 Staff office  9.290 

 
 
 

 
 

Table 3.9: Laboratory space for Gram Panchayat  
 

Sl. 

No. 

Laboratory area  Space required 

(m2) 

1 Analytical area    

 

18.581 
2 Instrument Room 

3 Staff office  
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 CWA – Chief Water Analyst, SA: Superintending Analyst, EA – Executive  Analyst, AA – Assistant  Analyst 

Figure 3.5:  Water Quality Assessment Laboratory Model 
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4. TEST METHODS AND STANDARD OPERATION PROCEDURE 

 

The laboratory shall have documented instructions on the use and operation of all relevant equipment, on the handling 

and preparation of samples, and for calibration and/or testing, where the absence of such instructions could jeopardise 

the calibrations or tests. All instructions, standards, manuals and reference data relevant to the work of the 

laboratory shall be maintained up-to-date, and be readily available to the staff. 

 

This chapter provides in brief the requirements for standard operating procedures, the selection of the correct 

method, the policies on how to vary from approved methods, and how to demonstrate that the methods are 

appropriate for their intended use. 

 

4.1 Standard Operating Procedure 

 

A standard operating procedure (SOP) is a set of written instructions that document a routine or repetitive activity 

followed by an organisation. The development and use of SOPs are an integral part of a successful quality system as 

it provides individuals with the information to perform a job properly and facilitates consistency in the quality and 

integrity of a product or end result. 

 

SOPs describe both technical and administrative operational elements of the organisation that is conducting work 

under a work plan or a quality assurance (QA) plan. SOPs document the way activities are to be performed to 

facilitate consistent conformance to technical and quality system requirements and to support data quality. SOPs 

assist in maintaining quality control and quality assurance processes and ensure compliance with government 

regulations. 

 

Laboratory staff is expected to follow applicable procedures while conducting measurement activities.  However, if 

approved by the appropriate supervisor and if warranted by the situation, personnel can modify or depart from 

existing procedures or develop new ones. All such modifications or new procedures shall be documented and their 

use reviewed and approved by personnel authorised to do so by the Laboratory Manager. All reviews and approvals 

shall be signed and dated. 

 

Each SOP must include or cite a reference where applicable for: 

 

a)  Identification of the test method (if SOP is based on published method), 

 

b)  Applicable matrix or matrices, 

 

c)  Method used to establish the lowest limit of analytical capability,  

 

d)  Scope and application, including parameters to be analysed,  
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e) Principle, 

 

f)  Definitions, 

 

g)  Interferences,  

 

h)  Safety, 

 

i)  Equipment and supplies, 

 

j)  Reagents and standards, 

 

k)  Sample collection, preservation, shipment and storage,  

 

l)   Method performance and quality control, 

 

m)    Calibration and standardisation,  

 

n)  Procedure, 

 

o)  Calculations, 

 

p)  Pollution prevention, 

 

q)        Data assessment and acceptance criteria for quality control measures, 

 

r)  Corrective actions for out-of-control data, 

 

s)   Contingencies for handling out-of-control or unacceptable data, 

 

 t)  Waste management, 

 

u)  Bibliography, and 

 

v)  Any tables, diagrams, flowcharts and validation data. 

 

4.2 Selection of Method 

 

The laboratory shall use test methods and procedures for all tests and related activities for which the organisation is 

responsible (e.g., sample collection, sample handling, transport and storage, sample preparation, and sample analysis). 

The methods must be appropriate for the analysis of the target analytes in the matrices being analysed at the concentration 

of interest. The method shall be consistent with the accuracy required, and with any standard specifications relevant to 
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the calibrations or tests concerned. All methods shall be documented in approved SOPs. 

 

When the use of specific test methods for a sample analysis is mandated or requested, only those methods shall be used. 

Where test methods are employed that are not covered by SOPs, the unapproved methods shall be fully documented and 

validated, and be available to the client and other recipients of the relevant reports. 

 

4.3 Variance Policies 

 

In certain cases, the laboratory may find itself in a situation where a documented procedure is not achieving the 

required results (e.g., an acid digestion is not digesting a particular matrix or the baseline produced by an instrument is 

atypical and requires adjustment). In these instances, policies, procedures, guidance, management plans and manuals 

are not intended to supersede sound professional judgment. If it becomes evident that variance from current quality 

system procedures is needed, then laboratory personnel shall record the variance in project records, including a brief 

description as to what changes in standard procedures were made, the reasons for the changes, and documentation that 

the changes were effective. This shall be dated and signed. Adjustments made to a specific procedure or test method shall 

not only be documented but also approved by the QAO prior to the laboratory personnel continuing their analysis. 

 

4.4 Validation of Method 

 

The laboratory shall evaluate all its methods to determine if they are adequate for their intended use.  This is 

especially important when existing methods are applied to new matrices or analytes for which the laboratory has no 

previous experience or when new methods are introduced into the laboratory. 

 

This evaluation shall address the issues of analytical sensitivity, bias and precision over the range of interest of the target 

analytes. The following sections describe the procedures that shall be used to evaluate these analytical performance 

criteria. 

 

4.4.1 Evaluation of sensitivity 

 

Analytical sensitivity can be demonstrated by the use of either the detection limit or the quantitation limit. 

 

Detection limit: When required by a regulation or the client, the detection limit shall be established for every analyte in each 

sample type for which data reporting is needed.   In other instances, any procedure for establishing the detection 

limit which exists in reference methods, guidance, or in the peer-reviewed literature may be used. 

 

When clients request data to be reported to specific lower limits, the validity of the detection limit determination is 

demonstrated by qualitative identification of the analyte in a clean sample of the matrix. 

 

Detection limits must be determined each time there is a change in the test protocol. When a change in instrumentation 

occurs that affects the sensitivity of the analysis it affects the test performance. All sample processing steps of the 

analytical protocol should be included in the determination of the detection limit. Instrument detection limits are not 
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acceptable substitutes for the above determinations. 

 

All procedures used must be documented. Documentation must include the sample-type. All supporting data must be 

retained. A detection limit study is not required for any component or property for which spiking solutions or quality 

control samples are not available. 

 

Quantitation limit: The minimum level of quantitation shall be established for every analyte for which quantitative data are 

to be reported. The minimum level of quantitation is the lowest value for which unqualified quantitative data may be 

reported by the laboratory. 

 

When determining the quantitation limit, Indian regulatory agency requirements shall be followed (Refer to appendices). 

In other instances, any procedure for establishing the quantitation limit may be used as long as the validity of the 

determination is confirmed by successful analysis of triplicate clean samples of the matrix spiked with the analytes of 

concern at the claimed quantitation limit. A successful analysis is one where the mean recovery of each analyte is within the 

established project objectives for bias and variability of the triplicate measurements and meets the project standard 

for measurement system precision. (Note: The quantitation limit may not be lower than the level of the lowest 

calibration standard). 

 

Demonstration of the quantitation limit is to be performed by analysing a spiked matrix type containing each analyte in 

triplicate at a concentration at or near the quantitation limit. The mean recovery for each analyte must be within the 

established project objectives for bias and precision. If no objectives exist, the limits are established from the data 

generated in this verification. If project objectives have quantitation limit requirements greater than the quantitative limit, the 

laboratory may analyse triplicate samples at the lowest concentration of concern, unless the laboratory prefers to 

demonstrate performance at a lower concentration, or has existing data that documents that the required sensitivity can 

be achieved. 

 

All sample processing steps of the analytical protocol should be included in the determination of the quantitation limit. All 

procedures used must be documented. Documentation must include the sample-type. All supporting data must be retained. 

A quantitation limit study is not required for any component or property for which spiking solutions or quality control 

samples are not available. 

 

4.4.2  Determination of bias, range and precision 

 

If sample results are to be reported over a concentration range, the study described below must be performed. If the 

objective of the sample analysis is to demonstrate the presence or absence of an analyte at a specific concentration, or to 

establish whether the concentration is above or below a specified value, then this determination need not be performed as the 

triplicate analyses required above for the quantitation limit are adequate. 

 

Fortify each matrix type in triplicate at or near the quantitation limit, at the upper-range of the calibration (upper 20%), and 

fortify each matrix in quadruplicate at a mid-range concentration. If a Certified Reference Material (CRM) of the same 

matrix type as the samples is available, substitute the CRM for the mid-range replicates. Process these samples as three 

sets of samples through the entire measurement system for each analyte of interest. For projects that shall span more 
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than 3 days of analytical work, each set, containing the concentration range of interest, should be processed (including sample 

preparation steps) and analysed on separate days. (This means that each day one sample at each concentration is 

analysed). The fourth sample at the mid-range concentration can be included on any of the 3 days. A separate blank 

shall be subjected to the analytical method along with the fortified analytes on each of the three days. (Note that the three 

samples at the quantitation limit concentration demonstrate sensitivity as well). 

 

For each analyte, calculate the mean recovery for each day, for each level over days and for all ten samples. Calculate 

the relative standard deviation for each of the separate means obtained. Compare the results at each concentration to 

see if there is a significant difference in either bias or precision as a function of concentration. If there is no significant 

difference, calculate the mean recovery and standard deviation over the range of interest by combining all values. If 

there is a significant difference, calculate the mean recovery and standard deviation at each concentration. Evaluate the 

blank data for an indication of a positive bias. Compare these calculated results to the project objectives and 

determine if the method is adequate for its intended use. If no objections exist, the laboratory uses these data to 

establish the bias, range and precision. 
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5.  DATA QUALITY, QUALITY ASSURANCE AND QUALITY CONTROL 
 

 
 

5.1 Data Quality 

Subsidiary data quality indicators are method detection limit and representativeness. Representativeness can relate 

both to the sample itself and to the sampled population. A method may be highly accurate, but if results do not represent 

the sample or if the sample does not represent the population, the data is not useful. Representativeness of the sample 

is best assessed by analysis of a number of samples from the same location or from a well-mixed bulk lot. The 

representativeness of the method is best determined through collaborative studies using a variety of methods. 

 

 
5.1.1   Bias 

Bias is a measure of systematic error. It has two components: one due to the method and the other due to a laboratory's use 

of the method. The bias of a method is measured best by a laboratory intercomparison study in which the difference 

between the grand average and the known (or true) value is the method bias. The laboratory bias is the difference 

between the laboratory average recovery and the true value and, is therefore, a combination of the two biases. Assess 

the laboratory bias by measuring the recovery of known additions or by analysing duplicate samples and retaining the 

sign of the differences when calculating the average difference. 
 

 
5.1.2 Precision 

Precision is a measure of the closeness with which multiple analyses of a given sample agree with each other. Assess 

precision by replicate analyses, by repeated analyses of a stable standard, or by analysis of known additions to 

samples. Precision is specified by the standard deviation of the results. If overall precision of a study is desired, analyse 

duplicate samples. This latter precision includes the random errors involved in sampling as well as the errors in 

sample preparation and analysis. 

 

When only a few replications are used, for example, duplicate sample analysis or duplicate extract analysis, the range of 

results, R, is nearly as efficient as the standard deviation because the two measures differ by a constant  (1.128  s = 

R for duplicates,  1.693  s = R for triplicates). 

 

 

5.1.3 Correctness of Analysis  

It is necessary to ensure the quality of data through checks for correctness of chemical analyses. The checking of 

correctness of analysis has been referred to in the 21st Edition of Standard Methods, APHA, 2005, viz., checks for ion 

balance; checks for validity of measured and calculated TDS and EC; etc. The algorithm developed on the principles 

specified in Part 1030E and implemented through a Microsoft Excel Workbook is presented. 

 

The algorithm: The following algorithm is applicable to water samples for which relatively complete analyses are made, viz. 

pH, conductivity, total dissolved solids (TDS), and major anionic and cationic constituents. 
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5.2 Quality Assurance and Quality Control 

5.2.1 Quality assurance 

Quality assurance (QA) is a set of operating principles that, if strictly followed during sample collection and analysis, 

will produce data of known and defensible quality. The operating principles should be set with quality assurance 

programme consisting of sampling procedure, standard operating procedure (SOP) for each analytical method, 

calibration procedures, corrective actions, data validation and reporting. 

 
5.2.2 Quality control 

Quality control (QC) may be either internal or external. All analysts use some QC as an intuitive effort to produce credible 

results. However, a good quality control programme consists of at least seven elements: certification of operator 

competence, recovery of known additions, analysis of externally supplied standards, analysis of reagent blanks, 

calibration with standards, analysis of duplicates, and maintenance of control charts. 

 

i.  Certification of operator competence 

 

Before an analyst is permitted to do reportable work, his/her competence has to be demonstrated. Requirements vary, but 

for most inorganic and organic chemical analysis,  demonstration  of acceptable  single operator precision and bias 

is sufficient. Make a minimum of four replicate analyses of an independently prepared check sample having a 

concentration between 5 and 50 times the method detection limit (MDL) for analysis in that laboratory. 

 

ii.  Recovery of known additions 

 

Use the recovery of known additions as part of a regular analytical protocol. Use known additions to verify the 

absence of matrix effects. When a new matrix type is to be analysed, verify the amount of interference. Where 

duplicates are not applicable, for example, when the constituent of interest is absent, make recovery of known additions 

for 10% of the samples. Where duplicates are also being analysed, the sum of the duplicates and known additions 

must equal at least 10% of the number of samples. Make the known addition between 5 and 50 times the MDL or 

between 1 and 10 times the ambient level, whichever is greater. Do not use a known addition above the 

demonstrated linear range of the method; use concentrated solutions, so volume change in sample is negligible.  

See Table 5.1 for acceptable limits. 

 

1. Compute Concentration of Mg Hardness, Ca++, Mg++, CO3
-- as : 

 

Mg Hardness = Total Hardness – Ca Hardness (as CaCO3) 

 

Mg++ =  0.243 x Mg Hardness (as magnesium) 

 

Ca++  =  0.4 x Ca Hardness (as CaCO3) 

 

CO3
-- =  0.6 x Alkalinity (as CaCO3) 
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2. Compute Calculated TDS as : 

 

TDScalc = 0.6 x alkalinity + Na+ + K+ + Ca++ + Mg++ + Cl- + SO4 + NO3
- 

 

3. Compute Calculated EC as :   

 

ECcalc =   λC – (k1λ + k2) x C3/2 

 

 

Use the table below to compute the calculated 
electrical conductivity 

 Use these 
Factors to 
Convert Ion 
Concn from 

S. No Ion Conductivity(25oC), 

mhos/cm 
 

per meq/L per mg/L  mg/L to meq/L 

1 Bicarbonate 43.6 0.715  0.01639 

2 Carbonate 84.6 2.82  0.03333 

3 Chloride 75.9 2.14  0.02821 

4 Sulphate 73.9 1.54  0.02082 

5 Nitrate 71.0 1.15  0.01613 

6 Calcium 52.0 2.60  0.04990 

7 Magnesium 46.6 3.82  0.08229 

8 Sodium 48.9 2.13  0.04350 

9 Potassium 72.0 1.84  0.02558 

 

4. Compute Ion Sum as : 

 

∑(anion) = add the anions in terms of milli equivalents 

 

∑(cation) = add the cations in terms of milli equivalents 

 

5. Check Both Ion Sums : 

 

∑ (ion) should be = ECmeasured/100 

 

Acceptance Criteria: ∑(ion)*100 = (0.9 - 1.1) x ECmeasured 
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6.  Compute %Difference of Ion Sums as : 

 

 

7.  Check ECmeasured 

      ECmeasured should be = ECcalc 

Acceptance Criteria:   0.9 < (ECcalc/ECmeasured) < 1.1 

- if ECcalc > ECmeasured then REANALYSE Higher ∑(ion) constituents 

- if ECcalc < ECmeasured then REANALYSE Lower ∑(ion) constituents 

 

8.  Check TDSmeasured :   [TDSmeasured should be >= TDScalc] 

ECmeasured should be = ECcalc 

Acceptance Criteria:   1.0 < (TDSmeasured/TDScalc) < 1.2] 

- if TDSmeasured < TDScalc then REANALYSE Higher ∑(ion) & TDSmeasured 

- if (TDSmeasured – TDScalc) > 20% then REANALYSE Lower ∑(ion) constituents 

 

9. TDS to EC Ratios : 

A) Calculated TDS to EC Ratio 

      Acceptance Criteria:  0.55 < (TDScalc/ECcalc) < 0.7 

- if the Ratio < 0.55 then REANALYSE Lower ∑(ion) parameters 

- if the Ratio > 0.70 then REANALYSE Higher ∑(ion) parameters 

B) Measured TDS to EC Ratio 

Acceptance Criteria:  0.55 < (TDSmeasured/ECmeasured) < 0.7 

- if the Ratio < 0.55 or > 0.70 then REANALYSE TDS and EC 

 

[ cation) anion)]
% Difference =  x 100

[ cation) + anion)]

  

 



Guidance Manual for Drinking Water Quality Monitoring and Assessment :  Second Edition 

 

NEERI  Nagpur & NICD, Delhi              5-5 

Table 5.1: Acceptance limits for duplicate samples and known additions to water and wastewater 

Analysis 

 

Recovery of known 

additions* 

% 

Precision of low-

level 

duplicates*+ 

+  % 

Precision of 

high-level 

duplicates*++ 

+  % 

Metals 80-120 25 10 

Volatile organics 70-130 40 20 

Volatile gases 50-150 50 30 

Base/neutrals 70-130 40 20 

Acids 60-140 40 20 

Anions 80-120 25 10 

Nutrients 80-120 25 10 

Other inorganics 80-120 25 10 

Total organic carbon 80-120 25 10 

Organochlorine pesticides 50-140 40 20 

Organophosphorus 

pesticides 
50-200 40 20 

Carbamate pesticides 50-150 40 20 

* Additions calculated as % of the known addition recovered. Duplicates calculated as the 

difference as a percentage of the mean [100(x1—x2)/ x ], 

+ Low-level refers to concentrations less than 20 times the MDL. High-level refers to 

concentrations greater than 20 times the MDL. 

++ Also acceptance limits for independent laboratory control standards and certification of 

operator competence  

 

iii.    Analysis of externally supplied standards 
 
As a minimum, analyse externally supplied standards whenever analysis of known additions 

does not result in acceptable recovery or once each day, whichever is more frequent. Use 

laboratory control standards with a concentration between 5 and 50 times the MDL or near 

sample ambient levels, whichever is greater. Where possible, use certified reference materials 

as laboratory control standards. National Institute of Standards and Technology (NIST)'s 
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Standard Reference Materials are preferred, if available. If internal reference materials are 

used, prepare them independently from the standards used for calibration. See Table 5.1 for 

acceptable limits for high-level duplicates. 

 
 
iv.   Analysis of reagent blanks 

 
Analyse reagent blanks whenever new reagents are used and as often as required in specific 

methods. Analyse a minimum of 5% of the sample load as reagent blanks; this monitors purity 

of reagents and the overall procedural blank. Analyse a reagent blank after any sample with a 

concentration greater than that of the highest standard or that might result in carryover from one sample to the 

next. 

 
 
v.  Calibration with standards 

 
As a minimum, measure three different dilutions of the standard when an analysis is initiated. 

Subsequently, verify the standard curve daily by analysing one or more standards within the 

linear range, as specified in the individual method. Reportable analytical results are those within 

the range of the standard dilutions used. Do not report values above the highest standard 

unless an initial demonstration of greater linear range has been made, no instrument 

parameters have been changed and the value is less than 1.5 times the highest standard. The 

lowest reportable value is the MDL, provided that the lowest calibration standard is less than 10 

times the MDL. If a blank is subtracted, report the result even if it is negative. 

 
 
vi.   Analysis of duplicates 
 
When most samples have measurable levels of the constituent being determined, analysis of 

duplicate samples is effective for assessing precision. Analyse 5% or more of the samples in 

duplicate. Analyse duplicates and known additions in matrices representative of the samples 

analysed in the laboratory (Table 5.1) for acceptable limits for duplicate analyses. 

 
 
vii.  Control Charts 
 
Three types of control charts commonly are used in laboratories: a means chart for standards 

laboratory control standards (LCS) or calibration check standards (CCS); a means chart for 

background or reagent blank results; and a range chart for replicate analyses. 

 

The charts are essential instruments for quality control. Each type of chart is described below. 
 
a.  Means chart: The means chart for standards is constructed from the average and standard 

deviation of a standard. It includes upper and lower warning levels (WL) and upper and 

lower control levels (CL). Common practice is to use +2s and +3s limits for the WL and CL, 

respectively, where 's' represents standard deviation. Derive these values from stated 

values for standard reference materials, if used for the laboratory control standard (LCS) or 

calibration check standard (CCS), or from replicate analyses of a CCS. The chart can be set 
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up by using either the calculated values for mean and standard deviation or by using 

percentages. Percentage is necessary if the concentration varies. Construct a chart for 

each analytical instrument. Enter results on the chart each time the LCS or CCS is 

analysed. 

 

b.  Range chart: If the standard deviation of the method is known, use the factors from Table 

5.2 to construct the central line and warning and control limits. Perfect agreement between 

duplicates results in no difference when the values are subtracted, so the base line on the 

chart is zero. The standard deviation is converted to the range so that the analyst need only 

subtract the two results to plot the value on the control chart. The mean range is computed 

as: 

R  = D2s 

  The control limit as:  

4CL = R ± 3s (R) = D R     

  and the warning limit as 

4WL = R ± 2s (R) = R ± 2/3 (D R - R)   

 Where: 

   D2  = factor to convert s to the range (1.128 for duplicates as given in Table 5.2), 

   S(R) = standard deviation of the range, and 

   D4 = factor to convert mean range to 3s(R) (3.267 for duplicates as given in Table 5.2). 

A range chart is rather simple when duplicate analyses of a standard are used. For duplicate 

analyses of samples, a plot will appear different because of the variation in sample 

concentration. If a constant relative standard variation in the concentration range of interest is 

assumed, the R , D4 R , etc. may be computed as above for several concentrations, a smooth 

curve drawn through the points obtained, and so an acceptable range for duplicates for any 

mean concentration can be determined.  

More commonly, the range can be expressed as a function of the relative standard deviation 
(coefficient of variation). Normalise the range by dividing by the average. Determine the mean 
range for the pairs analysed by: 

R  = (Σ Ri)/n 

  and the variance (square of the standard deviation) as 

SR
2 = (ΣRi

2 - nR
2) / (n -1) 

Then draw lines on the chart at R  + 2SR and R + 3SR and, for each duplicate analysis, calculate normalised range and enter 

the result on the chart.  
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Chart analyses: If the warning limits (WL) are at the 95% level, L out of 20 points, on the 

average, would exceed that limit whereas only 1 out of 100 would exceed the control limits (CL). 

Take the following actions. 

 Control limit: If one measurement exceeds a CL, repeat the analysis immediately. If the repeat 

is within the CL, continue analyses; if it exceeds the CL, discontinue analyses and correct the 

problem. 

Warning limit: If two out of three successive points exceed a WL, analyse another sample. If the 

next point is less than WL, continue analyses; if next point exceeds WL, discontinue analyses 

and correct the problem. 

Table 5.2: Factors for computing lines on range control charts 

Number of Observations Factor for Central Line Factor for Control Limits 

n (D2) (D4) 

2 1.128 3.267 

3 1.693 2.575 

4 2.059 2.282 

5 2.326 2.115 

6 2.534 2.004 
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Figure 5.1: Means control chart 

Standard deviation: If four out of five successive points exceed 1 s, or are in decreasing or 

increasing order, analyse another sample. If the next point is less than 1 s, or changes the 

order, continue analyses; otherwise, discontinue analyses and correct the problem.  

Central line: If six successive samples are above the central line, analyse another sample. If the 

next point is below the central line, continue analyses; if the next point is on the same side, 

discontinue analyses and correct the problem. 

The above considerations apply when the conditions are either above or below the central line, 

but not on both sides, e.g., four of five values must exceed either +1 s or -1 s. After correcting 

the problem, reanalyse half the samples analysed between the last in-control measurement and 

the out-of-control one. 

 

Another important function of the control chart is assessment of improvements in method 

precision. In the means and range charts, if measurements never or rarely exceed the WL, 

recalculate the WL and CL using the 20 most recent data points. Trends in precision can be 

detected sooner if running averages of 20 are kept on a daily basis. 
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Table 5.3: Performance requirements for quality control 

 
Item Action Required Frequency Remarks 

Bench Surface Monitor for 

contamination 

Weekly Plate or swab method can be 

used to monitor bench surface 

contamination. 

Thermometers Check accuracy Annually Use thermometers graduated in 

increments of 0.50C; If 

possible, use a submersible 

thermometer for 44.50C water 

bath, graduated to 0.20C. 

Balances and 

Weights 

Check accuracy Monthly Check balances and working 

weights against a set of 

reference weights. 

Balances Service and 

recalibrate 

Annually -- 

Hot-air oven Check performance Monthly Commercially available Bacillus 

subtilis spore strips or spore 

suspension can be used 

Autoclave Check Performance Each use -- 

Refrigerator Check temperature Daily -- 

Incubator Check temperature Twice daily -- 

Membrane 

filtration 

equipment 

Check for leaks and 

surface scratches 

Each use -- 

Glassware/Plasti

c ware 

Inspect for 

cleanliness, 

etchings, 

chips/cracks, 

distortions (plastic) 

Each use -- 

Media Check pH and 

appearance 

Each use -- 
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5.3   Quality Assessment 

Quality assessment is the process of using external and internal quality control measures to 

determine the quality of the data produced by the laboratory. It includes such items as 

performance evaluation samples, laboratory intercomparison samples and performance audits 

as well as the internal QC described in Section 5.2. They are applied to test the recovery, bias, 

precision, detection limit and adherence to standard operating procedure requirements. 

Performance requirement of equipments and media need to be checked in a phased manner 

(Table 5.3). 

 

5.3.1 Performance evaluation samples 

Use samples with known amounts of the constituent of interest supplied by an outside agency 

or blind additions prepared independently within the laboratory to determine recovery achieved 

by an analyst. In general, method uncertainty will have to be established beforehand; 

acceptable recovery falls within the established uncertainty. For example, if the acceptable 

range of recovery for a substance is 85 to 115%, then the analyst is expected to achieve a 

recovery within that range on all performance evaluation samples. 

 

 

5.3.2  Performance audits 

Make only unscheduled performance audits using a check list made to document the manner in 

which a sample is treated from time of receipt to final reporting of the result. The goal is to 

detect any deviations from the standard operating procedure so that corrective action can be 

taken. Commercial and governmental programmes supply samples containing various 

constituents in various matrices. A good quality assessment programme requires participation in 

periodic laboratory intercomparison studies. Adjust frequency of participation to the quality of 

the results produced by the analysts being tested.  

 

5.3.3 Bibliography 

Golden, A.S. (1984), Evaluation of internal control measurements in radioassay; Health Phys. 

47:361. 

Jarvis, A. N. and L. Siu. 1981. Environmental Radioactivity Laboratory Intercomparison Studies 

Programme, EPA-600/4-81-004, U.S. Environmental Protection Agency, Las Vegas, Nev.  

Standard Methods for the Examination of Water and Wastewater; APHA, AWWA and WEF, 

21st Edition, 2005. 
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6. ENVIRONMENTAL MANAGEMENT SYSTEMS (EMS) 
 
 

 

6.1   What is an EMS? 
 
The collection of activities undertaken to ensure that environmental issues are managed is called an Environmental 

Management System (EMS). An EMS is essential to: 
 
●  Consistently comply with environmental laws and regulations 

 
●  Improve overall environmental performance 

 
●  Address environmental liability from current or past practices 

 
● Maximise the investment, no matter how small, in environmental affairs 

 
● Integrate environmental objectives into overall business objectives. 
 

 
6.1.1 What environmental issues occur in a laboratory? 

 
Labs typically generate small quantities of a wide variety of pollutants. This characteristic requires careful attention in 

dealing with laboratories on compliance and on pollution prevention issues. In fact, because of this characteristic, the 

term "lab pack" was coined years ago by hazardous waste firms to describe a typical method of waste handling. In a "lab 

pack", a number of small containers (i.e. jugs and bottles) of hazardous waste are individually packaged in a traditional 55 

gallon drum. Although "lab packs" appear insufficient compared to the process of combining all materials, they make 

sense because it is unwise, for safety and legal reasons, to encourage mixing different lab wastes in a single container. 

 

6.1.2 Why is an EMS important? 
 

By identifying the causes of environmental problems and then eliminating them, an EMS can help save money. The following 

questions demonstrate the point: 
 
● Is it better to conduct chemical analyses right in the beginning, or perform a lot of rework later? 

 
●  Is it cheaper to prevent a spill in the first place or clean it up afterwards? 

 
● Is it more cost-effective to prevent pollution or to manage it after it has been generated? 

 
Secondly, an EMS can be an investment in the long-term viability of a small laboratory. An EMS helps the organisation 

become more focused and therefore more effective in achieving environmental goals. 

 

6.2   EMS Elements 
 
Policy: 
 
●  Develop an environmental po l i cy  that describes the lab organisation's commitment to the environment 
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● Use this policy as framework for planning and implementation. Planning: 

●  Formulate objectives in line with the policy 
 
● Plan actions to achieve objectives 
 
●  Ensure plan in compliance with central, state, tribal and local regulations. 
 
 
Implementation: 
 
●  Establish roles and responsibilities and provide resources 
 
●  Provide training to employees on their environmental responsibilities 
 
●  Institute processes for communicating both internal and external environmental management issues 
 
●  Develop  written  procedures  and policies  and ensure that documentation is maintained 
 
●  Identify potential emergencies and develop procedures for prevention and response. 
 
 
Quality assurance and control: 
 
●  Monitor key activities and track performance 
 
●  Identify and correct problems 
 
●  Keep adequate records of EMS performance 
 
● Conduct periodic environment management system audits to verify that the EMS is operating as intended. 
 
 
Management review: 
 

●  Periodically review the EMS to evaluate overall programme effectiveness and institute improvements where 

needed 
 

●  Annually review objectives to determine whether the programme is meeting them. Set new target as needed. 

 
 

6.2.1 Information management and record keeping 
 
Maintaining accurate, up-to-date, and easily retrievable records of environmental management activities are essential 

for reducing future liability (e.g. fines for regulatory non-compliance, costly cleanup cost), facilitating inspections (internal 

and external) and responding to customer and other enquiries and information requests. Many environmental laws and 

regulations require comprehensive documentation to assure compliance and for regulatory agency reporting. Each 

reporting requirement has unique agencies to work with, reporting periods and submission dates, data reporting formats 

and record retention times. Documentation requirements are also required to demonstrate conformance with EMS 

standards such as ISO 14001. 
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7. RECORD KEEPING 
 
 

 

Records are documents that provide objective proof that all work was carried out and reported according to approved 

procedures. The records must be sufficient to permit a qualified individual to reconstruct and understand all steps in the 

process that produced the final result report to the client. This section describes the record keeping practices that must 

be followed to preserve the integrity of these records. Important classes of records such as sample acceptance and 

receipt, analytical and administrative records, and records relating to sample custody up to and including disposal are 

described. 

 

7.1   Record Keeping System 
 

All laboratory records, reports and other supporting documentation should be safely stored as hardcopy or electronic 

records, held secure and in confidence for the client. The system should cover those records currently in use by the analyst 

(e.g., log books, sample receipt records, bench sheets, calibration and QC records), recently completed project records 

(e.g., work completed in the last six months) and archival records removed from daily access but in a readily retrievable 

location. Examples of the types of materials that constitute laboratory records include, but are not limited to: 
 

a)  Equipment maintenance records,  

b)  Instrument logbooks, 

c)  Instrument calibration data, 
 

d)  Standard preparation logbooks, 
 

e)  Certificates of purity/composition for all standards and reference materials, 
 

f) Standard operating procedures, 
 

g)  Project correspondence including phone logs,  

h)  Project-specific instructions and/or SOPs, 

i)  Chain-of-custody forms,  

j)   Calibration records, 

k)  Raw analytical data, both electronic and handwritten,  

l)  QC results, and 

m)    Final client reports 

 

In the case of electronic records, the laboratory should maintain the following records: 
 

n)    Documentation showing that software is adequate for its intended use, 

 

o)  Procedures are established and implemented for protecting the integrity of electronic media data in terms 
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of data entry, capture, storage, transmission and processing, 

 

p)  Computers and automated equipment are maintained to ensure proper functioning and the environmental and 

operating conditions necessary to maintain the integrity of calibration and analytical data, 

 

q)  Security of data, including the prevention of unauthorised access and modification of computer data, is maintained, 

 

r)  Records that are stored or generated by computers or personal computers have hard copy or write-protected 

backup copies in a safe and secure location, and 

 

s)  Records that are stored only on electronic media must be supported by the hardware necessary for their retrieval. 

 

The laboratory should maintain a record inventory for all records associated with a specific project or covering a defined 

period of operation. The inventory is prepared by the individual or group relinquishing the records. The inventory and 

records (in a suitable container) are submitted to the QAO or their designee. This inventory must be reviewed before the 

records are placed in archival storage. Any discrepancies between the inventory record and the documents must be 

resolved by the person/ group submitting the records for storage. This shall assure that the necessary records are 

identified and retained by the laboratory. 

 

7.1.1 Record management and storage 
 
The analyst and group supervisors are responsible for the completeness, safety and security of all records of the work 

currently in progress. They are also responsible for the records of recently completed projects until such time as the 

records are transferred to the custody of the QAO or their designee. Records are transferred to the archives on a regular 

schedule or at such time when the volume of records exceeds the local storage capacity.  The QAO or their designee is 

responsible for the integrity and safety of the archived records.  Access to the archive material is strictly controlled and 

records of access to the archives are maintained. 

 

The record storage period is ten years or as stipulated by regulation. At the end of the required storage period, the archived 

records should be released for return to the client by the QAO or their assignee or destroyed in such a way that the client 

confidentiality is preserved. 

 

Exceptions to these storage requirements can only be authorised by the joint approval of the Laboratory Director and the 

QAO. 

 
7.2   Sample Handling Record 
 
A record of all procedures to which a sample is subjected while in the possession of the laboratory shall be maintained. 

These shall include, but are not limited to all records pertaining to: 

 

a) Sample preservation, including appropriateness of sample container and compliance with holding time 

requirement, 

b)  Sample identification, receipt, acceptance or rejection and log-in, 
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c)   Sample storage and tracking, including shipping receipts, transmittal forms and internal routing and 

 assignment   records, 

d)  Sample preparation, including cleanup and separation protocols, ID codes, volumes, weights, 

e)  Instrument printouts, meter readings, calculations and reagents,  

f)  Sample analysis, 

g)   Standard and reagent origin, receipt, preparation and use, 

h)   Equipment receipt, use, specification, operating conditions and preventative maintenance, 

i)   Criteria for calibration, frequency and acceptance, 

j)  Data and statistical calculations, review, confirmation, interpretation, assessment and reporting conventions, 

k)  Method performance criteria, including expected quality control requirements, 

l)  Quality control protocols and assessment, 

m)  Electronic data security, software documentation and verification, software and hardware audits, backups and 

records of any changes to automated data entries, 

n)  All automated sample handling systems, 

o)  The laboratory shall have documented procedures for the receipt, retention or safe disposal of samples and 

p)  Calibration or test items, including all provisions necessary to protect the integrity of the laboratory. 

 
7.2.1 Laboratory support activity records 
 
In addition to documenting all the above-mentioned activities, the following should be retained: 
 
a)  All original raw data, whether hard copy or electronic, for calibrations, samples and quality control 

measures, including analyst's work sheets and data output records (chromatograms, strip charts, and other 

instrument response readout records), 
 
b)  A written description or reference to the specific test method used, which includes a description of the specific 

computational steps used to translate parametric observations into a reportable analytical value, 
 
c)  Copies of final reports, 
 
d)  Archived standard operating procedures, 
 
e) Correspondence relating to laboratory activities for a specific project, 
 
f)  All corrective action reports, audits and audit responses,  

g)  Proficiency test results and raw data, and 

h)  Data review and cross checking. 
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7.2.2 Analytical records 

 

The essential information to be associated with analysis, such as strip charts, tabular printouts, computer data files, 

analytical notebooks, and run logs should include: 
 
a)  Laboratory sample ID code,  

b)  Date and time of analysis, 

c)  Instrumentation identification and instrument operating conditions/ parameters (or reference to such data),  

d)  Analysis type, 

e)  All manual calculations and 

f) Analyst's or operator's initials/signature. 
 
 

7.2.3 Administrative records 
 

The following should be maintained: 
 

a)  Personnel qualifications, experience and training records,  

b)  Records of demonstration of capability for each analyst and  

c)  A log of names, initials and signatures for all staff. 

 
7.3   Chain of Custody (COC) Records 

 

The COC records shall establish an intact, continuous record of the physical possession, storage and disposal of sample 

containers, collected samples, sample aliquots and sample extracts or digested. 

 

a)  A sample is in someone's custody if: 

 

i)  It is in one's actual physical possession. 

ii)  It is in one's view, after being in one's physical possession.  

iii) It is in one's physical possession and then locked up so that no one can tamper with it. 

 

iv)   It is kept in a secured area, restricted to authorised personnel only. 

 

 

b)  The COC records shall account for all time periods associated with the samples. 

 

c)  The COC records shall identify individuals who physically handled individual samples. 

 

d)  In order to simplify record keeping, the number of people who physically handle the sample should be minimised. 

A designated sample custodian, who is responsible for receiving, storing and distributing samples, is 

recommended. 
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e) The COC records are not limited to a single form or document. However, organisations should attempt to limit the number of 

documents that would be required to establish COC. 

 

f)  COC shall begin at the point when cleaned sample containers are provided by the laboratory or the time sample 

collection occurs. 

 

g)  The COC forms shall remain with the samples during transport or shipment. 

 

h)  If shipping containers and/or individual sample containers are submitted with sample custody seals and any seals 

re not intact, the lab shall note this on the COC. 

 

i) Mailed packages should be registered with return receipt requested. If packages are sent by common carrier, 

receipts should be retained as part of the permanent COC documentation. 

 

j) Once received by the laboratory, laboratory personnel are responsible for the care and custody of the sample 

and must be prepared to testify that the sample was in their possession and view or secured in the laboratory at all 

times from the moment it was received from the custodian until the time that the analysis are completed or the 

sample is disposed of. 

 
 
7.3.1 Custody records 
 
Tracking records should be maintained by direct entry or linkage to other records: 
 
a)  Time of day and calendar date of each transfer or handling procedure, 
 
b)  Signatures of all personnel who physically handle the sample(s), 
 
c)  All information necessary to produce unequivocal, accurate records that document the laboratory activities associated with 

sample receipt, preparation, analysis and reporting, and 
 
d)  Common carrier documents. 
 
 
7.3.2 Sample disposal record 
 
a)  If the sample is part of litigation, disposal of the physical sample shall occur only with the concurrence of the affected 

legal authority, sample data user, and/or submitter of the sample. 
 
b)  All conditions of disposal and all correspondence between all parties concerning the final disposition of the physical 

sample shall be recorded and retained. 
 
c)  Records shall indicate the date of disposal, the nature of disposal (such as sample depleted, sample disposed in 

hazardous waste facility or sample returned to client) and the name of the individual who performed the task. 
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8. SAFE LABORATORY PRACTICES AND MANAGEMENT 
 
 
 

8.1   Safe Laboratory Practices 

 
 
The following information, rules, work practices and/or procedures discussed below are essential and must be 

followed while handling chemicals in the laboratory. 
 

 
8.1.1 General rules 
 
a. Accidents and spills: 
 

1. Eye contact: promptly flush eyes with water for a prolonged period (minimum of 15 minutes) and seek 

immediate medical attention. 

2. Ingestion: encourage victim to drink large amounts of water. 

3. Skin contact: promptly flush affected area with water for approximately 15 minutes and remove any 

contaminated clothing. If symptoms persist after washing, seek medical help. 

4. Clean-up: promptly clean up spills, using appropriate protective apparel and equipment and proper disposal 

procedures. 

5. Working alone: avoid working alone in a building; do not work alone in a laboratory if the procedures to be 

conducted are hazardous. 

 

b. Vigilance: Be alert to unsafe conditions and see that they are corrected when detected. 

 
 
8.1.2 Work practices/rules 
 

a Work habits:  Develop and encourage safe habits;  avoid unnecessary exposure to chemicals by any route 

and avoid working alone whenever possible. 

b Exhaust ventilation: Do not smell or taste chemicals. Vent any apparatus that may discharge toxic chemicals 

(vacuum pumps, distillation columns, etc.) into local exhaust devices. 

c Glove boxes: Inspect gloves for any wear and tear, and test glove boxes before use. 

d Cold and/or warm rooms: Do not allow release of toxic substances in cold rooms and/or warm rooms, because these 

rooms usually have no provisions for exhausting contaminants. 

e Use/choice of chemicals: Use only those chemicals for which the quality of the available ventilation system is 

appropriate. 

f Eating, smoking, and related activities: DO NOT eat, drink, smoke, chew gum or apply cosmetics in areas where 

laboratory chemicals are present. Always wash hands before conducting these activities. 

g Food storage: DO NOT store, handle or consume food or beverages in storage areas, refrigerators or 
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glassware and utensils that also are used for laboratory operations. 

h Equipment and glassware: Handle and store laboratory glassware with care to avoid damage. Do not use 

damaged glassware. Use extra care with Dewar flasks and other evacuated glass apparatus; shield or wrap them 

to contain chemicals and fragments, should implosions occur. Use equipment for its designed purpose only. 

For the periodical maintenance of different laboratory instrument/ equipment, the guidelines specified in the 

Instructor's Manual may be followed. 

i Reagent Bottles: It should be properly labelled and contain the date of preparation of reagent and signature of 

the technical staff/ analyst. 

j Washing: Wash areas of exposed skin well before leaving the laboratory. 

k Horseplay: Avoid practical jokes or other behaviour that might confuse, startle or distract another worker. 

l lMouth suction: Do not use mouth suction for pipetting or starting a siphon. 

m Personal protective equipment: Do not wear personal protective clothing or equipment in non laboratory areas. 

Remove laboratory coats immediately on significant contamination with hazardous materials. 

n Personal apparel: Confine long hair and loose clothing. Wear shoes at all times in the laboratory but do not 

wear sandals or perforated shoes. 

o Personal housekeeping: Keep work area clean and uncluttered, with chemicals and equipment properly labelled 

and stored. Clean up work area on completion of an operation or at the end of each day. 

p Unattended operations: Leave lights on, place an appropriate sign on the door and provide for containment of toxic 

substances in the event of failure of a utility service (such as cooling water) to an unattended operation. 

 

8.1.3 Personal protective equipments 
 
A programme addressing the need for use of and the training with personal protective equipment should be planned. 

Such a programme includes seeking information and advice about hazards, developing appropriate protective 

procedures and proper positioning of equipment before beginning any new operations. 

 

a. Eye protection: Wear appropriate eye protection (this applies to all persons, including visitors) where chemicals are 

stored or handled. Avoid use of contact lenses in the laboratory unless necessary; if contact lenses are used, inform 

supervisor so that special precautions can be taken. 

 

b. Skin protection: Wear appropriate gloves when the potential for contact with toxic chemicals exists. Inspect gloves 

before each use, wash them before removal and replace periodically. 

 

c. Respiratory protection: Use appropriate respiratory equipment when engineering controls are unable to maintain air 

contaminant concentrations below the action levels, i.e., one half the permissible exposure limit (PEL) or threshold 

limit value (TLV), i.e., levels below which no irreversible health effects are expected. When work practices are 

used that are expected to cause routine exposures that exceed the PEL or TLV, respiratory protection is required 

to prevent overexposure to hazardous chemicals. If respirators are used or provided in the laboratory then the 

laboratory health and safety standard of practice requires that a complete respiratory protection plan (RPP) is in 



Guidance Manual for Drinking Water Quality Monitoring and Assessment :  Second Edition 
 

NEERI  Nagpur & NICD, Delhi              8-3 

place. Inspect respirators before use and check for proper fit. 

 

d. Other protective equipment: Provide and use any other protective equipment and/or apparel as appropriate. 
 
 
8.1.4 Engineering controls 
 
Fume hoods: Use the hood for operations that might result in the release of toxic chemical vapours or dust. As a rule of 

thumb, use a hood or other local ventilation device when working with any appreciably volatile substance with a TLV of less 

than 50 ppm. Confirm that hood performance is adequate before use. Open hood minimally during work. Keep hood door 

closed at all other times except when adjustments within the hood are being made. Keep stored materials in hoods to a 

minimum and do not block vents or air flow. Provide at least 8 cm space under and around all items used in hoods and 

ensure that they are at least 15 cm from the front of the hood. 

 

8.1.5 Waste disposal 

 

Ensure that the plan for each laboratory operation includes plans and training for waste disposal. Deposit chemical 

waste in appropriately labelled receptacles and follow all other waste disposal procedures of the Chemical Hygiene 

Plan. Do not discharge any of the following contaminants into the sewer: concentrated acids or bases; highly toxic, 

malodorous or lachrymatory substances; substances that might interfere with the biological activity of wastewater treatment 

plants; and substances that may create fire or explosion hazards, cause structural damage or obstruct flow. 

 

8.1.6 Working with chemicals of moderate chronic or high acute toxicity 

 

Examples  of  chemicals  in  this  category  include diisopropyl fluorophosphate, hydrofluoric acid and 

hydrogen cyanide. The following rules are intended to supplement the rules listed previously for routine laboratory 

operations. Their purpose is to minimise exposure to these toxic substances by any exposure route using all reasonable 

precautions. The precautions are appropriate for substances with moderate chronic or high acute toxicity used in 

significant quantities. 
 
a. Location: Use and store these substances only in areas of restricted access with special warning signs. Always use a 

hood (previously evaluated to confirm adequate performance with a face velocity of at least 24 m/min) or other 

containment device for procedures that may result in the generation of aerosols or vapours containing the substance; 

trap released vapours to prevent their discharge with the hood exhaust. 
 
b. Personal protection: Always avoid skin contact by use of gloves and long sleeves and other protective apparel 

as appropriate. Always wash hands and arms immediately after working with these materials. 
 
c. Records: Maintain records of the amounts of these materials on hand, amounts used and the names of the 

workers involved. 
 
d.  Prevention of spills and accidents: Be prepared for accidents and spills. Ensure that at least two people are present 

at all times if a compound in use is highly toxic or of unknown toxicity. Store breakable containers of these 

substances in chemically resistant trays; also work and mount apparatus above such trays or cover work and 

storage surfaces with removable, absorbent, plastic- backed paper. If a major spill occurs outside the hood, 
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evacuate the area; ensure that cleanup personnel wear suitable protective 

apparel and equipment. 
 

e. Waste: Thoroughly decontaminate or incinerate contaminated clothing or shoes. If possible, chemically 

decontaminate by chemical conversion. Store contaminated waste in closed, suitably labelled and impervious 

containers. 

 
 
8.1.7 Working with chemicals of high chronic toxicity 
 
Examples of chemicals in this category include (where they are used in quantities above a few milligrams or a few grams, 

depending on the substance) dimethyl mercury, nickel carbonyl, benzo(a)pyrene, N- nitrosodiethylamine and other 

substances with high carcinogenic potency. The following rules are intended to supplement the rules listed previously for 

routine laboratory operations. 
 

a.  Access: Conduct all transfers and work with these substances in a controlled area, i.e., a restricted-access hood, 

glove box or portion of a laboratory, designated for use of highly toxic substances, for which all people with access 

are aware of the substances being used and necessary precautions. 
 

b.  Approvals: Prepare a plan for use and disposal of these materials and obtain the approval of the laboratory 

supervisor. 
 

c. Non-contamination/decontamination:  Protect vacuum pumps against contamination by scrubbers or HEPA 

(high efficiency particulate arrestance) filters and vent them into the hood. Decontaminate vacuum pumps or 

other contaminated equipment, including glassware, in the hood before removing them from the controlled area. 

Decontaminate the controlled area before routine work is resumed. 
 

d. Exiting: On leaving a controlled area, remove any protective apparel (place it in an appropriately labelled 

container) and thoroughly wash hands, forearms face and neck. 
 

e. Housekeeping: Use a wet mop or a vacuum cleaner equipped with a HEPA filter. Do not dry sweep if the toxic 

substance is a dry powder. 
 

f.  Medical surveillance: If using toxicologically significant quantities of such a substance on a regular basis (e.g. three 

times per week), consult a qualified physician about desirability of regular medical surveillance. 
 

g. Records: Keep accurate records of the amounts of these substances stored and used, the dates of use and names of 

users. 
 

h.  Signs and labels: Ensure that the controlled area is conspicuously marked with warning and restricted access 

signs and that all 

containers of these substances are appropriately labelled with identity and warning labels. 
 

i. Storage: Store containers of these chemicals only in a ventilated and limited-access area. 
 
j. Glove boxes: For a negative-pressure glove box, ensure that the ventilation rate is at least 2 volume changes/h 

and the pressure drop at least 1.3 cm of water. For a positive-pressure glove box, thoroughly check for leaks 

before each use. 
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k.  Waste: Ensure that containers of contaminated waste (including washings from contaminated flasks) are 

transferred from the controlled area into a secondary container under the supervision of authorised personnel. 
 
8.2   Laboratory Safety Management 
 
 
Physical hazards: 
 
a. Electrical: Ensure that electrical wiring, connections and apparatus conform to the requirement of the latest National 

Electrical Code. Fire, explosion, power outages and electrical shocks are all serious hazards that may result from 

incorrect use of electrical devices. Ground all electrical equipment or use double-insulated equipment. Use ground 

fault interrupter circuit breakers to the maximum extent possible. Do not locate electrical receptacles inside fume 

hoods, and do not use equipment near volatile flammable solvents. Use approved safety refrigerators. Disconnect 

electrical equipment from the power supply before service or repairs are attempted and never bypass safety 

interlocks. Attempting to repair equipment using employees not thoroughly acquainted with electrical principles may 

present particularly dangerous situations. 

 

b. Non-ionising radiation:  Non-ionising radiation,  also called electromagnetic radiation, is generally considered 

to be the radio frequency region of the radiation spectrum. For the purposes of dealing with personal exposures in 

laboratories, it also includes the microwave frequency region. Typical laboratory exposures to non-ionising radiation 

usually include ultraviolet, visible, infrared and microwave radiation. 

 

For normal environmental conditions and for incident electrom- agnetic energy of frequencies from 10 MHz to 100 

GHz, the radiation protection guide is 10 mW/cm2. The radiation protection applies whether the radiation is 

continuous or intermittent. This means a power density of 10 mW/cm2  for periods of 0.1 h or more or an energy 

density of 1 mW-h/cm2  during any 0.1 h period. These recommendations apply to both whole-body irradiation 

and partial body irradiation. 

 

Ultraviolet radiation (UV) and lasers are used frequently. With properly constructed and operated instruments, it is 

not a significant hazard but can be harmful when used for controlling micro-organisms in laboratory rooms or for sterilising 

objects. 

 

When using devices that generate or use non-ionising radiation, observe the following precautions: Wear safety 

glasses or goggles with solid side pieces whenever there is a possibility of exposure to harmful (UV) radiation. 

Provide proper shielding (shiny metal surfaces reflect this energy). Shut off all these devices (UV lamps) when not 

in use. Post warning signs and install indicator lights to serve as a constant reminder when these types of devices 

are in use (UV lamps). 

 

c. Mechanical: Shield or guard drive belts, pulleys, chain drivers, rotating shafts and other types of mechanical 

power transmission apparatus. Laboratory equipment requiring this guarding includes vacuum pumps, mixers, 

blenders and grinders. 

 

Shield portable power tools. Guard equipment such as centrifuges, which have high-speed revolving parts, against 

"flyaways". Securely fasten equipment that has a tendency to vibrate (e.g. centrifuges and air compressors) to 
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prevent the tendency to "walk" and locate them away from bottles and other items that may fall from shelves or 

benches because of the vibration. 

 

d. Compressed gases: Gas cylinders may explode or "rocket" if improperly handled. Leaking cylinders may 

present an explosion hazard if the contents are flammable; they are an obvious health hazard if the contents are 

toxic and they may lead to death by suffocation if the contents are inert gases. The Compressed Gas Association 

has published procedures governing use and storage of compressed gases. Transfer gas cylinders only with carts, 

hand trucks or trollies. Secure gas cylinders properly during storage, transport and use, and leave valve safety 

covers on cylinders during storage and transport. Avoid the use of adapters or couplers with compressed gas. 

Properly identify cylinder contents. 

 

Chemical hazards: 

 

a. General precautions: Chemical injuries may be external or internal. 

 

External injuries may result from skin exposure to caustic or corrosive substances such as acids, bases or reactive 

salts. Take care to prevent accidents, such as splashes and container spills. Internal injuries may result from the 

toxic or corrosive effects of substances absorbed by the body. These internal injuries may result from inhalation, 

skin contact or ingestion. 

 

 

Table 8.1: Permissible Exposure Limits (PEL), Threshold Limit Values (TLV), Short-Term Exposure Limits 

(STELs), and/or ceiling for some Inorganic chemicals specified in the manual 

 

 Compound Chemical Abstract 

No. CAS No. 

PEL/TLV STELS or 

Ceiling (C) mg/m3 

Chromic acid and chromates  (as CrO3) 7440-47-3 0.1/0.05 

Hydrogen chloride 7440-47-3 0.5/0.5 

Hydrogen peroxide 7440-47-3 1/0.5 

Soluble chromic, chromous salts (as Cr)  7647-01-0 6.5(C)/6.5(C) 

Nitric acid 7697-37-2 5/5.2, 10(S) 

Phosphoric acid 7664-38-2 1/1, 3(S) 

Potassium hydroxide 1310-58-3 -/2(C) 

Silver (metal and soluble compounds, as 

Ag)  

7440-22-4 0.01/0.1 metal, 0.01 

soluble Sodium azide 26628-22-8 -/0.29(C) 

Sodium hydroxide 1310-73-2 2(C)/2(C) 

Sulphuric acid 7664-93-9 1/1, 3(S) 
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Table 8.2: Permissible Exposure Limits (PEL), Threshold Limit Values (TLV), Short-Term Exposure Limits 
(STELs), and/or Ceilings for Organic Solvents specified in the Manual 

 

Compound Chemical 

Abstract No. 

CAS No. 

PEL/TLV STELS or Ceiling (C) ppm 

(v/v) 

Acetic acid  64-19-7 10/10, 15(S) 

Acetone 67-64-1 1000/750, 1000(S) 

Acetonitrile 75-05-8 40/40, 60(S) 

Chloroform 67-66-3 50(C)/10 

Ethyl alcohol 64-17-5 1000/1000 

Ethyl ether (diethyl ether) 60-29-7 400/400, 500(S) 

Ethylene glycol 107-21-1 -/50(C) 

n-Hexane 110-54-3 100/50 

Isopropyl alcohol 67-63-0 400/400, 500(S) 

Methyl alcohol 67-56-1 200/200, 250(S) 

Methylene chloride 75-09-2 500, 1000(C), 2000 peak 5 min/2 h/50 

Pentane 109-66-0 1000/600, 750(S) 

Pyridine 1l0-86-1 5/5 
Oxalic acid 144-62-7 1/1 mg/m3 

Phenol 108-95-2 5/5 

 

Tables 8.1 and 8.2 list PELs, TLVs, and/or STELs and/or Ceiling for some chemical materials specified in this 

Manual. The PEL values reported in these tables are in some instances higher than the levels that some nations believe 

to be appropriate. Because the health and safety programme should be driven by meeting best industrial hygiene 

practices, always use the lowest recommended exposure values when protecting human health. 
 
In addition, pay careful attention to equipment corrosion that ultimately may lead to safety hazards from equipment 

failure. 
 
b.  Inorganic acids and bases: Many inorganic acids and bases have PELs and TLVs. Table 8.1 presents PELs (based on 

U.S. standards) and/or TLVs as well as STELs and Ceilings for some inorganic chemicals specified in this Manual. 

These PELs and TLVs indicate the maximum air concentration to which workers may be exposed. Fumes of these acids 

and bases are severe eye and respiratory system irritants. Liquid or solid acids and bases can quickly cause severe 

burns of the skin and eyes. When acids are heated to increase the rate of digestion of organic materials, they pose 

a significantly greater hazard because fumes are produced and the hot acid reacts very quickly with the skin. 

 

Store acids and bases separately in well-ventilated areas and away from volatile organic and oxidisable materials. Use 

containers (rubber or plastic buckets) to transport acids and bases. Work with strong acids and bases only in a properly 

functioning chemical fume hood. Slowly add acids and bases to water (with constant stirring) to avoid spattering. If 

skin contact is made, thoroughly flush the contaminated area with water and seek medical attention if irritation 

persists. Do not wear contaminated clothing until after it has been cleaned thoroughly. Leather items (e.g. belts and 

shoes) will retain acids even after rinsing with water and may cause severe burns if worn. If eye contact is made, 
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immediately flush both eyes for at least 15 min with eyewash and seek medical attention. 

 
 
c.  Perchloric acid and other highly reactive chemicals: Concentrated perchloric acid reacts violently or explosively on contact 

with organic material and may form explosive heavy metal perchlorates. Do not use laboratory fume hoods used with 

perchloric acid for organic reagents, particularly volatile solvents. In addition to these hazards, perchloric acid produces 

severe burns when contact is made with the skin, eyes or respiratory tract. Preferably provide a dedicated perchloric 

acid hood. Follow the manufacturer’s instructions for proper cleaning, because exhaust ducts become coated and 

must be washed down regularly. 
 

Use extreme caution when storing and handling highly reactive chemicals, such as strong oxidisers. Improper storage 

can promote heat evolution and explosion. Do not store strong oxidisers and reducers in close proximity. 

 

d. Organic solvents and reagents: Most solvents specified in this Manual have PELs and/or TLVs as well as STELs or 

Ceilings for workplace exposures (Table 8.1). 
 

Many organic reagents, unlike most organic solvents, do not have PELs/TLVs or STELs and Ceilings, but this does not 

mean that they are less hazardous. Table 8.2 contains PELs/TLVs or STELs and Ceilings for some reagents specified in 

this Manual. 
 
 

Some compounds are suspected to be carcinogens and should be treated with extreme caution. These compounds 

include solvents and reagents such as benzene, carbon tetrachloride, chloroform, dioxane, tetrachloroethylene and 

benzidine. Lists of chemicals with special hazardous characteristics are available from the Occupational Safety and 

Health Administration and the National Institute for Occupational Safety and Health. Developing and following 

laboratory-handling procedures for compounds on such authoritative lists should significantly reduce the potential for 

exposures. 

 

Solvents used in the laboratory usually fall into several major categories: alcohols, chlorinated compounds and 

hydrocarbons. Exposure to each of these classes of compounds can have a variety of health effects. Alcohols, in 

general are intoxicants, capable of causing irritation of the mucous membranes and drowsiness. Chlorinated 

hydrocarbons cause narcosis and damage to the central nervous system and liver. Hydrocarbons, like the other two 

groups, are skin irritants and may cause dermatitis after prolonged skin exposure. Because of the volatility of these 

compounds, hazardous vapour concentrations can occur (fire or explosion hazard). Proper ventilation in laboratory is 

essential. 

 

The majority of organic reagents fall into four major categories: acids, halogenated compounds, dyes and indicators, and 

pesticides. Most organic acids have irritant properties. They are predominantly solids from which aerosols may be 

produced. Dyes and indicators also present an aerosol problem. Handle pesticides with caution because they are 

poisons and avoid contact with the skin. Wear gloves and protective clothing. The chlorinated compounds present much 

the same hazards as the chlorinated solvents (narcosis and damage to the central nervous system and liver). Proper 

labelling for the compound, including a date for disposal based on the manufacturer’s recommendations, permits tracking 

chemical usage and disposal of outdated chemicals. 
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8.3   Laboratory Facilities/Fixed Equipment 
 
 
8.3.1 Facility design 
 

The laboratory facility must have a general ventilation system with air intakes and exhausts located to avoid intake of 

contaminated air, well- ventilated stockrooms and/or storerooms, laboratory hoods and sinks, miscellaneous safety 

equipment including eyewash fountains and safety showers and arrangements for the disposal of wastes and samples in 

accordance with applicable national, state and local regulations. 
 

8.3.2  Facility and fixed equipment maintenance 
 
Maintain facilities and equipment with scheduled maintenance and continual surveillance to ensure proper operation. 

Give special attention to the adequacy of ventilation system. 
 
a. Facility ventilation systems: 
 
1)  The general laboratory ventilation should provide a source of air for breathing and for input to local ventilation 

devices such as fume hoods. Do not rely on it for protection from exposure to toxic substances used during the 

working day. The system should direct air flow into the laboratory from non-laboratory areas and then exhaust the 

air directly to the exterior of the building in a manner that will prevent its re-entry. 

 

2)  Laboratory fume hoods: As a minimum, provide at least 1 linear m of hood space per worker if workers spend most 

of their time working with chemicals or if they work with chemical substances with PELs or TLVs less than 100 

ppm. Equip each hood with a continuous monitoring device to allow convenient confirmation of adequate hood 

performance before each use. If this is not possible, avoid work with substances with PELs or TLVs less than 100 ppm 

or with unknown toxicity or provide other types of local ventilation devices. 

 

3)  Other local ventilation devices: Provide ventilated chemical/ biological cabinets, canopy hoods and 

instrument/work station snorkels as needed. Many local ventilation devices require a separate exhaust duct, as 

do canopy hoods and snorkels. 

 

4)  Special ventilation areas/devices: It may be necessary to pass exhaust air from special ventilation areas or 

devices such as radiological hoods, glove boxes and isolation rooms through HEPA filters, scrubbers or other 

treatment before release into regular exhaust system. Ensure that cool rooms and warm rooms have provisions 

for rapid escape and for escape in the event of electrical failure. 

 

5) Ventilation system modifications: Make alteration in the ventilation system only in consultation with an expert 

qualified in laboratory ventilation system design. Thoroughly test changes in the ventilation system to demonstrate 

adequate worker protection. 

 

b. Facility ventilation system performance: A ventilation system rate of 4 to 12 room air changes per hour is considered 

adequate where local exhaust ventilation devices such as fume hoods are used as the primary method of control. 

General ventilation system air flow should not be turbulent and should be relatively uniform throughout the laboratory, 

with no high-velocity or static areas; air flow into and within laboratory fume hoods should not be excessively 

turbulent; fume hood face velocity should be adequate for the intended use (for general-purpose fume hoods this 
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is typically 18 to 30 m/min). The effective protection provided by a fume hood depends on a number of factors 

including hood location and design, and cannot be determined solely on the basis of the face velocity. 

 

c.  Facility ventilation system evaluation: Evaluate performance characteristics (quality and quantity) of the 

ventilation system on installation; re-evaluate whenever a change in local ventilation devices is made and monitor 

routinely. Schedule such monitoring with a frequency dictated by the type, age, condition and any accessories 

associated with the device, but at least annually; monitor hoods at least quarterly. Document all ventilation system 

checks or actions such as flow checks, calibration, alterations, repairs, maintenance or any other action that may 

determine or change flow efficiency or characteristics. 

 

8.4  Personal Protective Equipment 
 

8.4.1  Introduction 

The employer must provide and maintain personal protective equipment (PPE) in condition that is sanitary and reliable 

against hazards in the workplace. All PPE also must be properly designed and prepared for the work to be performed. 

Several general references on PPE are available. 

It is essential to select PPE based on an assessment of the hazards or potential hazards to which an employee is 

exposed, to insure that the correct PPE will be obtained. Use personal protective equipment only when it is not possible 

or feasible to provide engineering controls. Such personal protective equipment includes all clothing and other work 

accessories designed to create a barrier against workplace hazards.  

The basic element of any PPE management programme must be an in-depth evaluation of the equipment needed to 

protect against the hazards at the workplace. Management dedicated to the safety and health of employees must use 

that evaluation to set a standard operating procedure for personnel, then encourage those employees to use, maintain 

and clean the equipment to protect themselves against those hazards. 

Using personal protective equipment requires hazard awareness and training on the part of the user. Make employees 

aware that the equipment does not eliminate the hazard. If the equipment fails, exposure will occur. To reduce the 

possibility of failure, use equipment that is properly fitted and maintained in a clean and serviceable condition. 

 

Selection of the proper piece of personal protective equipment for the job is important. Employers and employees must 

understand the equipment's purpose and its limitations. Do not alter or remove equipment even though an employee 

may find it uncomfortable (equipment may be uncomfortable simply because it does not fit properly) 

 
8.4.2  Eye protection 

 
The laboratory health and safety (LH&S) standard of practice requires the use of eye and face protective equipment 

where there is a reasonable probability of injury prevention through its use. Employers must provide a type of protector 

suitable for work to be performed and employees must use the protectors. These requirements also apply to 

supervisors and management personnel and to visitors while they are in hazardous areas.  

 

Protectors must provide adequate protection against particular hazards for which they are designed, be reasonably 

comfortable when worn under the designated conditions, fit snugly without interfering with the movements or vision of 
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the wearer, and be durable, easy to disinfect and clean, and kept in good repair. 

 

In selecting the protector, consider the kind and degree of hazard. Where a choice of protectors is given and the degree 

of protection required is not an important issue, worker comfort may be a deciding factor. 

Persons using corrective glasses and those who are required to wear eye protection devices must wear glasses with 

protective lenses providing optical correction, goggles that can be worn over corrective glasses without disturbing the 

adjustment of the glasses or goggles that incorporate corrective lenses mounted behind the protective lenses. 

When limitations or precautions are indicated by the manufacturer, transmit them to the user and observe strictly. 

Safety glasses require special frames. Combinations of normal wire frames with safety lenses are not acceptable. 

Design, construction, testing and use of eye and face protection must be in accordance with national standards. 

 

8.4.3  Protective work gloves 

 

Match glove material to the hazard: such materials as nitrile, neoprene, natural rubber, PVC, latex and butyl rubber vary 

widely in chemical resistance. What may be safe with one chemical may prove harmful with another (Tables 8.3 and 

8.4). Glove thickness may be as important as glove material in some cases. Many organic reagents, unlike most 

organic solvents, do not have PELs/TLVs but this does not mean that they are less hazardous.   

 

8.4.4 Respirator 

There should be a respirator with suitable filter cartridge in each laboratory. It should be worn when operations involving 

hazardous vapours/gases have to be performed outside a fume cupboard, e.g. mixing of chemical waste. It should also 

be used during cleaning up spills of toxic and volatile chemicals. The filter cartridges should be regularly replaced to 

ensure that they are available for immediate use. 

 

 

 

 

 

 

 

 

 
 

Face protective equipment 

 

Work gloves 

 

Respirator 
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Table 8.3: Glove selection for organic chemical handling 

Compound Chemical 

Abstract No. 

CAS No. 

Chemical 

Class 

class 

Suitable glove material 

Butyl 

rubber 

Neoprene Nitrile 

rubber 

PE PVC TFE Viton 

Ethers:  241        

Ethyl ether (diethyl 

ether) 

60- 29-7 241        

Isopropyl ether 108-20-3 241        

2-Methoxyethanol 

(methyl cellosolve) 

109-86-4 245        

Halogen compounds:  261        

Carbon tetrachloride 56-23-5 261        

Chloroform 67-66-3 261        

Tetrachloroethylene 127-18-4 261       X 

Hydrocarbons:  291        

n-Hexane 110-54-3 291        

Pentane 109-66-0 291        

Benzene* 71-43-2 292        

Toluene 108-88-3 292        

Xylenes (o-, m-, p-

isomers) 

1330-20-7 292        

Hydroxyl compounds:  311        

n-Butyl alcohol 71-36-3 311        

Ethyl alcohol 64-17-5 311        

Methyl alcohol 67-56-1 311        

n-Propyl alcohol 71-23-8 311        

Isobutyl alcohol 78-83-1 311        

Isopropyl alcohol 67 -63-0 312        

tert-Butyl alcohol 75-65-0 313        

Ethylene glycol 107-21-1 314        

Ketones:  391        

Acetone 67-64-1 391        

Cyclohexanone 108-94-1 391        

Heterocyclic 

compounds: 

 271        

Dioxanet (diethylene 

dioxide) 

123-91-1 278        

Pyridine 11 0-86-1 271        

Miscellaneous organic compounds:         

Acetic acid 75-07-0 102        

Ethyl acetate 141-78-6 222        

Acetonitrile 75-05-8 431        

Carbon disulfide 75-15-0 502        

* (Suspect) carcinogen 
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Evaluate physical properties of the glove material: In addition to chemical resistance, glove materials vary in physical 

toughness. Select the glove that provides the abrasion, tear, flame and puncture resistance required for the job. 

 

Ensure a safe grip. Non-slip grips allow for easier and safer handling. Embossed, pebbled, etched and dotted coatings 

improve grip in wet or dry working conditions. 

 

Measure proper size and length; loose-fitting gloves affect dexterity and can be hazardous. Tight-fitting gloves may cause 

hand fatigue and tend to wear out faster. Gloves should fit comfortably without restricting motion and they should be long 

enough to protect the wrist, forearm, elbow or the entire arm, depending on the application. 

 
8.4.5    Head protection 
 
Water and wastewater laboratories seldom require this kind of personal protection but field work may require it. 
 
Table 8.4: Glove selection for inorganic chemical handling Head injuries are caused by falling or flying objects or by 

bumping the head against a fixed object. Head protection, in the form of protective hats, must resist penetration  and 

absorb the shock of a blow. Make the shell of the hat of a material hard enough to resist the blow and utilize a shock-

absorbing lining composed of head band and crown straps to keep the shell away from the wearer's skull. Protective 

materials used in helmets should be water-resistant and slow burning. Helmets consist essentially of a shell and 

suspension. Ventilation is provided by a space between the headband and the shell. Ensure that each helmet is 

accompanied by instructions explaining the proper method of adjusting and replacing the suspension and headband. 

 

Visually inspect on a daily basis all components, shells, suspensions, headbands, sweatbands and any accessories for 

signs of dents, cracks, penetration or any other damage that might reduce the degree of safety originally provided. 
 

Do not store or carry helmets on the rear window deck of an automobile because sunlight and extreme heat may 

adversely affect the degree of protection.  

Table 8.4: Glove selection for inorganic chemical handling 

Compound 

Chemical Abstract 

No. 

(CAS No.) 

Chemical 

class 

Suitable glove material 

Butyl 

rubber 

Natural 

rubber 
Neoprene 

Nitrile 

rubber 
PE PVC 

Inorganic acids:  370       

Chromic acid, * (Cr-H)  7440-47-3 370       

Hydrochloric acid, 30-70% 

solutions 
10035-10-6 370       

Hydrochloric acid, <30% 

solutions 
10035-10-6 370       
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Nitric acid, 30-70% 

solutions 
7697-37-2 370       

Nitric acid, <30% 

solutions 
7697-37-2 370       

Phosphoric acid, > 70% 

solutions 
7664-38-2 370       

Phosphoric acid, 30-70% 

solutions 
7664-38-2 370       

Sulphuric acid, >70% 

solutions 
7664-93-9 370       

Sulphuric acid, 30-70% 

solutions 
7664-93-9 370       

Sulphuric acid, <30% 

solutions 
7664-93-9 370       

Inorganic bases:  380       

Ammonium hydroxide, 

30-70% solutions 
7664-41-7 380       

Ammonium hydroxide, 

<30% solutions 
7664-41-7 380       

Potassium hydroxide, 30-

70% solutions 
1310-58-3 380       

Sodium hydroxide, >70% 

solutions 
1310-73-2 380       

Sodium hydroxide, 30-

70% solutions 
1310-73-2 380       

Inorganic salt solutions:  340       

Dichromate solutions, 

<30%,* (Cr+6) 
7440-47-3 340       

Inorganic miscellaneous:         

Hydrogen peroxide, 30-

70% solutions 
7722-39-3 300       

Mercury 7439-97-6 560       

* (Suspect) carcinogen 

8.4.6   Hearing protection 
 
Exposure to high noise levels can cause hearing loss or impairment, and it can create physical and psychological stress. 

There is no cure for noise-induced hearing loss, so prevention of excessive noise exposure is the only way to avoid hearing 

damage. Specifically designed protection is required, depending on the type of noise encountered. 
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Use preformed or moulded ear plugs fitted individually by a professional. Waxed cotton, foam or fibreglass wool earplugs are 

self-forming. When properly inserted, they work as well as most moulded earplugs. Plain cotton is ineffective as 

protection against hazardous noise. 
 
Some earplugs are disposable, to be used one time and then thrown away. Clean non-disposable ones after each use for 

proper protection. 

 

Earmuffs need to make a perfect seal around the ear to be effective. Glasses, long sideburns, long hair and facial 

movements, such as chewing, can reduce protection. Special equipment is available for use with glasses or beards. 

 

8.4.7   Foot and leg protection 

 

According to accident reviews most workers who suffered impact injuries to the feet were not wearing protective footwear. 

Furthermore, most of their employers did not require them to wear safety shoes. The typical foot injury was caused by 

objects falling from less than 1.2 m and the median weight was about 30 kg. Most workers were injured while 

performing their normal job activities at their worksites. 

 

Safety shoes should be sturdy and have an impact-resistant toe. In some shoes, metal insoles protect against 

puncture wounds. Additional protection, such as metatarsal guards, may be found in some types of footwear. Safety 

shoes come in a variety of styles and materials, such as leather and rubber boots and oxfords. 

Safety footwear is classified according to its ability to meet minimum requirements for both compression and impact test.  

 
 
8.5 Worker Protection Medical Programme 
 

8.5.1   Preventive medicine programme 
 

 

The preventive medicine programme should include inoculations to provide protection from tetanus and other 

diseases that are associated with the types of samples received and analysed by the laboratory. The scope of this 

programme depends on the diseases prevalent in the area where the samples originate. The programme must also comply 

with the appropriate regulations. 

 

8.5.2   Medical surveillance 
 
Routine surveillance may be indicated for anyone whose work involves routine handling of hazardous chemical or biological 

substances. Consult a qualified occupational health physician and/or toxicologist to determine whether a regular schedule of 

medical surveillance is indicated. 
 
 
8.5.3   Environmental monitoring 
 

a. General: The initiation of environmental monitoring (exposure monitoring) associated with laboratory uses of 

hazardous chemical substances is triggered by exposures exceeding the action level (usually defined as one-half 

the PEL or TLV), PEL or TLV. The employer is responsible for ensuring that employee's exposures to such 
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substances do not exceed the PELs specified in the regulations dealing with air contaminants. 
 

b. Employee exposure determination: Determine a worker's exposure to any hazardous chemical substance if there is 

reason to believe that exposure levels for that substance routinely exceeds the action level. Where there is no action 

level for a substance the worker exposure must not exceed the PEL or TLV. If the initial monitoring confirms that an 

employee exposure exceeds the action level or in the absence of an action level, the PEL, the employer must 

immediately comply with the exposure monitoring provisions of the relevant national standard. Monitoring may be 

terminated in accordance with the relevant standard (if one exists) or when the exposures are found to be below the 

action level (one half the PEL or TLV) or in the absence of an action level, below the PEL or TLV. The workers are to 

be notified in accordance with national standard; if none exists, they should at least be notified within 15 working 

days after any monitoring results have become available to the employer, either by contacting the employee 

individually or by posting the results in an appropriate location accessible to employees. 
 

 
8.5.4   Medical consultation and medical examinations 

 
All employees who handle the hazardous chemicals should have an opportunity to receive medical attention (at no 

personal cost), including any follow up examinations that the examining physician determines to be necessary, under the 

following circumstances: 

 

●  Whenever an employee develops signs or symptoms associated with an exposure to a hazardous chemical that the 

employee may have been using. 

 

●  Where exposure monitoring reveals an exposure level routinely above the action level 

(or in the absence of an action level, the PEL or TLV). For a national regulated substance for which there are 

exposure monitoring and medical surveillance requirements, establish medical surveillance for the affected 

employee as prescribed by the particular standard. 

 

●  Whenever an uncontrolled event, such as a spill, leak, explosion or other occurrence takes place in the work area 

resulting in the likelihood of a hazardous exposure, provide the affected employee an opportunity for a medical 

consultation to determine the need for a medical examination. 

 

 

8.6  Provisions for Work with Particularly Hazardous Substances 
 
 
The information outlined in the following paragraphs meets the LH&S standard (of practice) and also represents good 

industrial hygiene practices. 
 
1. Designated area 
 
Wherever appropriate, the employer must establish a "designated area," that is, an area that may be used for work with 

select carcinogens, reproductive toxins or substances having a high degree of acute toxicity. A designated area may be 

the entire laboratory, an area of a laboratory or a device such as a laboratory hood. 
 
2. Select carcinogen 


