
Contents

Preface xi

Acknowledgements xiii

Acronyms and abbreviations used in the text xiv

1. Introduction 1

1.1 General considerations 2
1.2 The nature of the guideline values 4
1.3 Criteria for the selection of health-related

drinking-water contaminants 6

Part 1. Microbiological aspects 7

2. Microbiological aspects: introduction 9

2.1 Agents of significance 9
2.1.1 Agents o f high health significance 11
2.1.2 Opportunistic pathogens 11
2.1.3 Nuisance organisms 12

2.2 Routes of exposure 12
2.3 Persistence in water 13
2.4 Infective dose 13

References 15

3. Bacteria 18

3.1 Pathogens excreted 18
3.1.1 Salmonella 18
3.1.2 Yersinia 20
3.1.3 Campylobacter 22
3.1.4 Escherichia co li 23
3.1.5 Vibrio cholerae 25
3.1.6 Shigella 27



GUIDELINES FOR DRINKING-WATER QUALITY

3.2 Pathogens that grow in supply systems 28
3.2.1 Legionella 28
3.2.2 Aeromonas 30
3.2.3 Pseudomonas aeruginosa 33
3.2.4 M ycobacterium  34

References 36

4. Viruses 42

4.1 General description 42
4.1.1 The nature of viruses 42
4.1.2 Classification of animal viruses 44
4.1.3 Virus families occurring in water 44

4.2 Routes of exposure 45
4.2.1 General considerations 45
4.2.2 Specific families of viruses 46

4.3 Health effects 47

References 49

5. Protozoa 52

5.1 Giardia 52
5.1.1 General description 52
5.1.2 Routes of exposure 54
5.1.3 Health effects 55

5.2 Cryptosporidium  spp. 56
5.2.1 General description 56
5.2.2 Routes of exposure 57
5.2.3 Health effects 58

5.3 Entamoeba histolytica 59
5.3.1 General description 59
5.3.2 Routes of exposure 59
5.3.3 Health effects 59

5.4 Balantidium co li 60
5.4.1 General description 60
5.4.2 Route of exposure 60
5.4.3 Health effects 60



CONTENTS

5.5 Naegleria  and Acanthamoeba  60
5.5.1 General description 60
5.5.2 Routes of exposure 61
5.5.3 Health effects 62

References 62

6. Helminths 68

6.1 Dracunculus medinensis 69
6.1.1 General description 69
6.1.2 Routes of exposure 69
6.1.3 Health effects 70

6.2 Schistosoma 70
6.2.1 General description 70
6.2.2 Routes of exposure 71
6.2.3 Health effects 71

6.3 Other helminths 72

References 73

7. Toxins from cyanobacteria 75

References 76

8. Nuisance organisms 78

8.1 M icrobiological problems 78
8.2 Problems caused by invertebrate animals 80

References 81

9. Microbial indicators of water quality 82

9.1 Rationale 82
9.2 Indicators of faecal contamination 83

9.2.1 Escherichia co li 84
9.2.2 Thermotolerant (faecal) coliform organisms 84
9.2.3 Coliform organisms (total coliforms) 85
9.2.4 Faecal streptococci 86
9.2.5 Sulfite-reducing Clostridia 87
9.2.6 Bacteriophages 87
9.2.7 Miscellaneous indicators 88

9.3 Indicators of water quality and treatment efficacy 88
9.3.1 Heterotrophic plate counts (colony counts) 88
9.3.2 Aeromonas spp. and Pseudomonas aeruginosa 88

v



GUIDELINES FOR DRINKING-WATER QUALITY

9.4 Methods 89
9.4.1 Standard methods 89
9.4.2 Methods for pathogenic bacteria, protozoa,

and cytopathic enteroviruses 89

References 91

10. Microbiological criteria 93

10.1 Rationale 93
10.1.1 Overall strategy 93
10.1.2 Treatment objectives and microbiological criteria 93
10.1.3 Water supplies for small remote communities 94

10.2 Bacteriological quality 94
10.3 Virological quality 96

10.3.1 Rationale 96
10.3.2 Guidelines for groundwaters 97
10.3.3 Guidelines for surface water sources 98

10.4 Parasitological quality 99
10.5 Monitoring 100

10.5.1 Approaches and strategies 100
10.5.2 Sampling frequencies and procedures 100
10.5.3 Surveillance programme requirements 102

10.6 Action to be taken when contamination is detected 104
10.6.1 Bacterial indicators of faecal contamination 104
10.6.2 Miscellaneous indicators 105

References 106

11. Protection and improvement of water quality 107

11.1 Water sources 107
11.1.1 Selection of sources 107
11.1.2 Source protection 108

11.2 Treatment processes 108
11.2.1 Storage 109
11.2.2 Presedimentation 109
11.2.3 Prechlorination 109
11.2.4 Coagulation and flocculation 110
11.2.5 Sedimentation or flotation 110
11.2.6 Rapid filtration 110
11.2.7 Slow sand filtration 111
11.2.8 Infiltration 112
11.2.9 Disinfection 112

v i



CONTENTS

11.3 Choice of treatment 114
11.3.1 M icrobiological conditions 114
11.3.2 Treatment of groundwater 114
11.3.3 Treatment of surface water 114
11.3.4 Small-scale treatment of surface water 115

11.4 Distribution networks 116

References 117

Part 2. Chemical and physical aspects 119

12. Chemical and physical aspects: introduction 121

12.1 Background information used 121
12.2 Drinking-water consumption and body weight 121
12.3 Inhalation and dermal absorption 122
12.4 Health risk assessment 122
12.5 Mixtures 129
12.6 Format of monographs for chemical substances 130

References 130

13. Inorganic constituents and physical parameters 132

13.1 Aluminium 132
13.2 Ammonia 142
13.3 Antimony 147
13.4 Arsenic 156
13.5 Asbestos 167
13.6 Barium 173
13.7 Beryllium 183
13.8 Boron 188
13.9 Cadmium 195
13.10 Chloride 201
13.11 Chromium 206
13.12 Colour 215
13.13 Copper 219
13.14 Cyanide 226
13.15 Fluoride 231
13.16 Hardness 237
13.17 Hydrogen sulfide 242
13.18 Iron 248
13.19 Lead 254
13.20 Manganese 276
13.21 Mercury 285

vii



GUIDELINES FOR DRINKING-WATER QUALITY

13.22 Molybdenum 298
13.23 Nickel 308
13.24 Nitrate and nitrite 313
13.25 Dissolved oxygen 324
13.26 pH 325
13.27 Selenium 328
13.28 Silver 338
13.29 Sodium 343
13.30 Sulfate 351
13.31 Taste and odour 357
13.32 Tin and inorganic tin compounds 361
13.33 Total dissolved solids 367
13.34 Turbidity 370
13.35 Uranium 374
13.36 Zinc 382

Organic constituents 389

14.1 Carbon tetrachloride 389
14.2 Dichloromethane 396
14.3 1,1-Dichloroethane 404
14.4 1,2-Dichloroethane 410
14.5 1,1,1-Trichloroethane 417
14.6 Vinyl chloride 424
14.7 1,1-Dichloroethene 431
14.8 1,2-Dichloroethene 438
14.9 Trichloroethene 444
14.10 Tetrachloroethene 452
14.11 Benzene 461
14.12 Toluene 467
14.13 Xylenes 474
14.14 Ethylbenzene 481
14.15 Styrene 486
14.16 Polynuclear aromatic hydrocarbons 495
14.17 Monochlorobenzene 506
14.18 Dichlorobenzene 511
14.19 Trichlorobenzene 518
14.20 Di(2-ethylhexyl)adipate 524
14.21 Di(2-ethylhexyl)phthalate 530
14.22 Acrylamide 541
14.23 Epichlorohydrin 547
14.24 Hexachlorobutadiene 555
14.25 Edeticacid 561

Ѵ ІІІ



CONTENTS

14.26 Nitrilotriacetic acid 565
14.27 Organotins 573

15. Pesticides 586

15.1 Introduction 586
15.2 Alachlor 586
15.3 A ldicarb 593
15.4 Aldrin 602
15.5 Atrazine 608
15.6 Bentazone 614
15.7 Carbofuran 620
15.8 Chlordane 626
15.9 Chlorotoluron 633
15.10 DDT 638
15.11 1,2-Dibromo-3-chloropropane 645
15.12 2,4-Dichlorophenoxyacetic acid 653
15.13 1,2-Dichloropropane 664
15.14 1,3-Dichloropropane 670
15.15 1,3-Dichloropropene 673
15.16 Ethylene dibromide 679
15.17 Heptachlor 684
15.18 Hexachlorobenzene 692
15.19 Isoproturon 699
15.20 Lindane 704
15.21 MCPA 711
15.22 Methoxychlor 717
15.23 Metolachlor 725
15.24 Molinate 729
15.25 Pendimethalin 734
15.26 Permethrin 738
15.27 Propanil 744
15.28 Pyridate 748
15.29 Simazine 753
15.30 Trifluralin 758
15.31 Chlorophenoxy herbicides 763

16. Disinfectants and disinfectant by-products 788 

Disinfectants
16.1 Introduction 788
16.2 Chloramines 789
16.3 Chlorine 796
16.4 Chlorine dioxide, chlorite, and chlorate 803
16.5 Iodine 816

ix



GUIDELINES FOR DRINKING-WATER QUALITY

Disinfectant by-products
16.6 Bromate 822
16.7 Chlorophenols 828
16.8 Formaldehyde 837
16.9 MX 845
16.10 Trihalomethanes 849

Other chlorination by-products

16.11 Chlorinated acetic acids 873
16.12 Chloral hydrate (trichloroacetaldehyde) 885
16.13 Chloroacetones 890
16.14 Halogenated acetonitriles 893
16.15 Cyanogen chloride 901
16.16 Chloropicrin 903

Part 3. Radiological aspects

17. Radiological aspects 908

17.1 Introduction 908
17.2 Application of the reference level of dose 910

Annex 1. List of participants in preparatory meetings 917
Annex 2. Tables of guideline values 940

Index 951

x


