Part Two

WATER-QUALITY CRITERIA AND OBJECTIVES

INTRODUCTION

National strategies have been developed in the
UN/ECE region to prevent, control and reduce the emis-
sion of hazardous substances and the excessive release of
nutrients and other conventional water pollutants into
aquatic ecosystems. This applies in particular to sub-
stances that are toxic, even at relatively low concentra-
tions, carcinogenic, mutagenic, teratogenic and/or bio-
accumulative, especially when they are persistent. The
accumulation of substances in aquatic organisms may ad-
ditionally provoke a series of adverse effects on the food
web and, for example, render fish unfit for human con-
sumption. Water-quality criteria and objectives have been
increasingly used at the national and international levels
for the protection of human health, water resources and
aquatic ecosystems.

The development and application of water-quality ob-
jectives and criteria is an objective of the UN/ECE Con-
vention on the Protection and Use of Transhoundary Wa-
tercourses and International Lakes (Helsinki, 1992). The
Parties to the Convention shall define, where appropriate,
water-quality objectives and adopt water-quality criteria
for the purpose of preventing, controlling and reducing
transboundary impact (article 3). The Parties bordering
the same transboundary waters shall elaborate joint
water-quality criteria and water-quality objectives (article9);

undertake specific research and development activities
in support of achieving and maintaining the water-
quality objectives and water-quality criteria (article 12);
and also make available to the public the information on
water-quality objectives and the results of checking com-
pliance therewith (article 16, paragraph 1 (c)). General
guidance for developing water-quality criteria and
objectives is given in annex Il to the Convention.

This part of the publication examines existing methods
for assessing the status of surface waters in member
countries and for defining water-quality criteria and
objectives with the aim of maintaining and, where
necessary, improving the existing water quality, in
particular of trans-boundary waters. Cooperative
arrangements on the subject made by riparian countries
in the UN/ECE region are also reviewed.

The recommendations contained therein may assist
UN/ECE countries in defining water-quality objectives
and in adopting water-quality criteria, and help riparian
countries bordering the same transboundary waters, to
resolve extant problems in the elaboration of joint
water-quality objectives and criteria. It may additionally
assist member Governments in defining levels of significant
transboundary water pollution, resolving problems related
to responsibility and liability in regard to transboundary
water pollution, and selecting technology for waste-water
treatment.

RECOMMENDATIONS TO UNIECE GOVERNMENTS ON
WATER-QUALITY CRITERIA AND OBJECTIVES

Many chemical substances emitted into the environ-
ment from anthropogenic sources pose a threat to the
functioning of aquatic ecosystems and the utilization of
water for various purposes. The need for strengthened
measures to prevent and control the release of hazardous
substances into the aquatic environment, and to abate the
deterioration of water quality owing to these substances
as well as to an excessive release of nutrients and other
conventional water pollutants, has led many countries to
develop and implement water management strategies on
the basis of, inter alia, water-quality criteria and
objectives, taking into account  water-quality
requirements for water uses in the relevant catchment area.

Guidelines for developing water-quality objectives and
criteria are given in annex Il to the UN/ECE Convention
on the Protection and Use of Transhoundary
Watercourses and International Lakes (Helsinki, 1992).
With a view to providing further guidance in the elaboration
of water-quality criteria and the formulation and setting-up

of water-quality objectives for inland surface waters, and
in order to strengthen international cooperation,

it is recommended that:

Water-quality requirements for different water uses,
such as drinking-water, irrigation, livestock watering,
fisheries, leisure activities, amenities, and maintenance of
riverine flora and fauna should be clearly defined, taking
into account in particular the adverse impact of the use of
substances that are toxic, persistent, bio-accumulative,
carcinogenic, mutagenic and teratogenic, or which cause
eutrophication and acidification of aquatic ecosystems.

Special attention should be given to acquiring more in-
formation on the substance's behaviour in water as well
as to the fate and interaction of different substances and
their mixtures (for example, synergistic effects) both on
the biotic and abiotic components of aquatic ecosystems.

A methodology for the selection of water-quality pa-
rameters, including physical properties, chemical con-
stituents and microbiological parameters of water, which
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are of relevance to water uses for various purposes,
should be developed and harmonized, if possible, at an
international level. Particular attention should be given
to the development and harmonization, at the interna-
tional level, of methodological approaches for the selec-
tion of biological indicators relating to the conservation
of flora and fauna and to other parameters suitable for
characterizing the structural and/or functional integrity
of aquatic ecosystems.

The precautionary principle should be applied when
selecting water-quality parameters and establishing
water-quality criteria to protect and maintain individual
uses of waters. Water-quality criteria should be estab-
lished as follows:

(a) Raw-water quality criteria for drinking-water
supply should strive for attainment as appropriate of
drinking-water criteria;

(h) Water-quality criteria for aquatic life should be
aimed at the protection and maintenance of riverine flora
and fauna in all its forms and life stages, taking into ac-
count, in particular, the protection of the functional in-
tegrity of aquatic ecosystems;

(c) Water-quality criteria for surface waters used for
irrigation should not lead to any significant adverse ef-
fects on soil properties, salinization or accumulation of
toxic substances or to the subsequent transfer of pollu-
tion from soil to surface water and groundwater;

(d) Quality criteria for sediment and suspended par-
ticulate matter should be aimed at the protection of
aquatic organisms living in or on sediment, at the protec-
tion of aquatic ecosystems, and at the protection of soils
and terrestrial ecosystems, if dredged sediment is to be
disposed of.

Particular attention should be paid to the protection of
the integrity of aquatic ecosystems and to specific re-
quirements regarding sensitive and specially protected
waters and their environment, such as wetland areas, and
the surrounding areas of surface waters which serve as
source of food and habitats for various species of flora
and fauna. Special-use categories should be defined for
that purpose. Quality criteria for these categories should
be established on the basis of indicators relating to the
conservation of flora and fauna and other information
that characterizes the structural and/or functional integ-
rity of aquatic ecosystems.

In setting water-quality criteria, particular attention
should be paid to substances that cause acute and chronic
toxic effects at low concentrations, as well as to sub-
stances that cause (or are suspected of causing) carcino-
genic, mutagenic and teratogenic effects.

Water-quality criteria should be used as a reference
base for the assessment of the current water quality in
water bodies and its suitability for different purposes.

In order to improve knowledge about the adverse im-
pact of pollution on aquatic ecosystems, research should
be continued on sensitive indicators and/or criteria that
are capable of diagnosing early stages of stress to aquatic
ecosystems. Particular attention should be paid to the
further development and improvement of systems for
water-quality assessment and classification that rely on
biological information, as well as the combination of
physico-chemical and biological assessment and classifi-

cation systems. Efforts should be made by riparian coun-

tries to jointly develop and agree on water-quality as-
sessment and classification systems for transboundary
waters.

Water-management authorities in consultation, inter
alia, with industries, municipalities, farmers' associa-
tions and the general public should agree on the water
uses in a catchment area that are to be protected. Use
categories, such as drinking-water supply, irrigation,
livestock watering, fisheries, leisure activities, amenities,
maintenance of aquatic life, and protection of the integ-
rity of aquatic ecosystems, should be considered, if ap-
plicable.

In setting water-quality objectives for a given water
body, both the water-quality requirements for water uses
of the relevant water body as well as downstream uses
should be taken into account. In transboundary waters,
water-quality objectives should be set taking into ac-
count water-quality requirements in the relevant catch-
ment area; as far as possible,water-quality requirements
for water uses in the whole catchment area should be
considered.

Water-quality objectives should be set, taking into ac-
count specific physico-chemical, biological and other
characteristics of water bodies and their catchment area.
Expert judgement should be sought for adjusting water-
quality objectives to site-specific natural conditions, par-
ticularly natural excessive occurrence of some sub-
stances, such as heavy metals. Under no circumstances
should the setting of water-quality objectives (or modifi-
cation thereof to account for site-specific factors) lead to
the deterioration of existing water quality.

Water-quality objectives for multipurpose uses of
water should be set at a level that provides for the pro-
tection of the most sensitive use of a water body. Among
all identified water uses, the most stringent water-quality
criterion for a given water-quality parameter should be
adopted as a water-quality objective.

Water-management authorities should be required to
take appropriate advice from health authorities in order
to ensure that water-quality objectives are appropriate to
protect human health.

Water-quality objectives established should be con-
sidered as the ultimate goal, that is, as a target value
which indicates a negligible risk of adverse effects on
water uses and the ecological functions of waters.

The setting of water-quality objectives should be ac-
companied by the development of a time schedule for
compliance with the objectives, taking into account ac-
tion which is technically and financially feasible and le-
gally implementable.

Where necessary, there should be a step-by-step ap-
proach to attain water-quality objectives, taking into ac-
count, inter alia, the current water quality, current and
potential new water uses in the catchment area, available
technical and financial means for pollution prevention.
control and reduction, as well as the urgency of control
measures. These objectives, which represent the result of a
balance between what is desirable from an environ-
mental point of view and what is feasible from a techni-
cal and economic point of view. should be regarded as a
policy goal to be attained within a certain period of time.
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The setting of emission limits on the basis of best
available technology, the use of best environmental prac-
tices and water-quality objectives as integral instruments
of prevention, control and reduction of water pollution,
should be applied in an action-oriented way. Action
plans covering both point and diffuse pollution sources
should be designed, which permit a step-by-step ap-
proach and are both technically and financially feasible.
In addition to action plans and measures implementing
strategies and standards for emission limits, measures
based on water-quality criteria and objectives should
also be considered, where appropriate; the relative pri-
orities of all these measures should also be considered.
Preparatory and complementary administrative measures
to these action plans should include, inter alia:

(a) Taking steps, such as emission inventories and
catchment inventories, in order to ascertain where sub-
stances that are hazardous or otherwise likely to ad-
versely affect water uses and aquatic ecosystems are
manufactured, used, stored, disposed of or discharged
into inland waters;

(h) Phasing out or prohibiting the use of hazardous
substances when those pose a particular risk to sensitive
or specially protected waters.

Monitoring programmes, including programmes for
laboratory analyses, should be adapted to the water-
quality objectives, particularly with regard to measure-
ment parameters, range of concentrations and frequency
of measurement, and should provide reliable information
on whether water-quality objectives are met and what
further reduction in emissions from both point and non-
point sources in the catchment area is required to meet
the objectives.

Both the water-quality objectives and the timetable
for compliance should be subject to revision at appropri-
ate time intervals in order to adjust them, inter alia, to
new scientific knowledge on water-quality criteria,
changes in water use in the catchment area, best avail-
able technology for point-source control, the establish-
ment and implementation of rules of good agricultural
practice for the control of agricultural sources as well as
environmentally sound practices for the control of other
non-point sources, which are technical and financially
feasible, in addition to other factors that may have a
bearing on the implementation of measures to prevent,
control or reduce water pollution. The public should be
kept informed about water-quality objectives that have
been established, and about measures taken to attain
these objectives.

I. WATER-QUALITY CRITERIA

Water-quality criteria generally describe the quality
of water needed to protect and maintain individual water
uses. They are based on parameters that describe the
quality of water as such and/or the quality of suspended
particulate matter, bottom sediment and biota.

Many water-quality criteria set a maximum level for
the concentration of a substance (in water, sediment
and/or biota, respectively) which is not harmful under
the conditions of a continuous water use for a single,
specific purpose, such as water for drinking-water sup-
ply, agriculture and recreation, and requirements of bio-
logical communities and the functioning of aquatic eco-
systems in general. The protection and maintenance of
the above-mentioned water uses usually impose different
requirements on water quality and, therefore, water-
quality criteria may be different for these uses. For some
water-quality parameters, such as dissolved oxygen, water-
quality criteria are set at the minimum acceptable level
for the concentration of a substance to ensure the
maintenance of biological functions.

Some countries introduce different risk levels when
developing water-quality criteria. In the Netherlands, for
example, discussion between policy makers and scien-
tists has led to the definition of two different risk levels
for the setting of water-quality criteria as described in
section B of this chapter. In other countries, for example
in the United States, criteria may have three components,
the first serving as the risk assessment endpoint and the
other two being applied in assessing the exposure, as fol-
lows:

(@) Magnitude, i.e., the concentration of a pollution
allowable;

(b) Duration, i.e., the period of time over which the
predicted in-stream concentration is to be averaged
forcomparison with the criteria concentration (this

specification limits the duration of concentrations
above the criteria);

(c) Frequency, i.e., how often criteria can be ex-
ceeded without unacceptably affecting the designated
use.

Water-quality criteria have been developed for a hum-
ber of traditional water-quality parameters such as pH,
dissolved oxygen and nutrients.

Numerous studies have confirmed, for example, that a pH-
range of 6.5 to 9 is appropriate for the maintenance of
fish communities. Consequently, water-quality criteria for
pH usually follow this range. As concerns dissolved
oxygen, the combination of low concentrations of dis-
solved oxygen and the presence of toxic substances may
lead to stress responses in aquatic ecosystems because
the toxicity of, for example, zinc, lead and copper, is in-
creased by low concentrations of dissolved oxy%n. High
water temperature also increases the adverse effects of a
low concentration of dissolved oxygen on biota. The water-
quality criterion for dissolved oxygen takes these factors
into account: it is in the order of 5 to 9.5 mg/l depending on
water temperature requirements for particular species
during various life stages, i.e., a minimum dissolved-oxygen
concentration of 5 to 6 mg/l for warm-water biota and 6.5 to
9.5 mg/1 for cold-water biota.

Water-quality criteria for nutrients, such as phos-
phates and ammonium. are usually established as fol-
lows: criteria for phosphates are set at a level at which an
excessive growth of algae would not occur, and criteria
for ammonium are based on no-effect concentration lev-
els of ammonia.

Increasing attention is now being paid to the develop-
ment of water-quality criteria for hazardous substances
that, due to their toxicity, persistence, bio-accumuiation
capability and/or their carcinogenic. teratogenic or muta-
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genic effects, pose a threat to water use-and the function-
ing of aquatic ecosystems. Genetic material, recombined
in vitro by genetic engineering techniques, is also very
often included in this category of substances. In accord-
ance with the precautionary principle, substances includ-
ing genetically modified organisms that due to insuffi-
cient data are for the time being merely suspected of be-
longing to the category of hazardous substances are also
taken into account in many countries in the development
of water-quality criteria.

Discussion continues on the issue of which fraction of a
hazardous substance should be taken for developing water-
quality criteria: the total recoverable and/or the
dissolved form of a substance. Criteria for these fractions
may be quite different. This may also have a bearing on
water-quality objectives, established on the basis of cri-
teria for different fractions of hazardous substances. Sec-
tion A of chapter Il provides some examples on this
issue.

The elaboration of water-quality criteria for hazardous
substances appears to be a lengthy and resource-
expensive process. Comprehensive laboratory studies as-
sessing the impact of hazardous substances on water-
borne organisms often need to be carried out, supple-
menting the general literature search and analysis. In
Canada, for example, the average cost of developing a
criterion for a single substance through a literature
search and analysis is of the order of Can$ 50,000. In
Germany, the average cost of laboratory studies for de-
veloping a criterion for a single substance amounts to
some DM 200,000.

The costs and the workload for developing water-
quality criteria have been shared in some countries. For
example, the Canadian Council of Ministers of the Envi-
ronment (CCME) has established a task force, consisting
of specialists from the federal, provincial and territorial
governments, to develop a joint set of Canadian water-
quality criteria. This has enabled them to produce, at a
modest cost, a much mote comprehensive set of criteria
than would have been possible by individual efforts, as
well as to end the confusion caused by the use of differ-
ent criteria by different provincial governments. Exam-
ples of water-quality criteria developed in Canada are
given in tables 1 to 3.

In Germany, a joint task force was established to both
develop water-quality criteria and establish water-quality
objectives. This task force consists of scientists and
water managers appointed by the Federal Government
and the Lander authorities responsible for water manage-
ment.

In some countries attempts were made to apply water-
quality criteria elaborated in other countries. In such
cases, it was necessary to establish that the original cri-
teria were developed for similar environmental condi-
tions and that at least some of the species on which tox-
icity studies were carried out occurred in relevant water
bodies of the "borrowing"” country. On many occasions,
the application of “foreign™ water-quality criteria re-
quired additional aqua-toxicological testing.

In the Netherlands. for example, a risk-assessment
method has been developed, enabling the determination
of water-quality criteria using toxicity data from national
and international literature. This method decreases
thenumber of toxicity studies to be made and allows for a

significant decrease in costs.

In some countries procedures are being established
for a priority selection of water-quality parameters, no-
tably hazardous substances for which water-quality cri-
teria are being developed in the first instance.

A. Assessment of hazardous characteristics of water
pollutants

There are currently approximately 100,000 chemical
substances available on the market. Many of these sub-
stances cause or are likely to cause an adverse impact on
water quality and conditions in aquatic ecosystems.
Some substances, notably mercury, cadmium and pesti-
cides, have long been recognized as being hazardous in
this respect. Other substances have only recently been
recognized as having such characteristics.

The problem faced by water pollution control author-
ities is one of selecting from the existing huge number of
substances those that warrant priority action in order to
prevent, control and reduce their emission into the
aquatic environment. For example, the Council of the
European Communities in its Directive of 4 May 1976
on Pollution Caused by Certain Dangerous Substances
Discharged into the Aquatic Environment of the Commu-
nity (76/464/EEC)" identified substances whose dis-
charge into the aquatic environment is subject to prohibi-
tion, and those substances and categories of substances
whose discharge is subject to control or reduction. In
Canada, a list of priority substances was developed by an
independent panel composed of representatives from the
provincial governments, industry, the academic commu-
nity and environmental organizations, with technical
support from the Federal Government. This list is now
being used as a guide in drafting water-quality criteria,
among other purposes.

The selection of priority substances is based upon the
consideration of relevant characteristics of these sub-
stances. Long discussions were held, however, on the is-
sue of which characteristics should constitute the mini-
mum necessary to describe a hazard, i.e., whether a
substance should be classified as hazardous because of
its toxicity only, because of its toxicity combined with
either persistence or bio-accumulation, or because it pos-
sesses all three characteristics.

Among toxicity parameters used in assessment
schemes, acute aquatic toxicity and chronic aquatic tox-
icity are widespread. In defining acute aquatic toxicity
two indicators are generally used: the concentration of a
substance at which 50 per cent of test organisms (com-
monly fish or Daphnia) die within 96 hours, or the con-
centration that causes immobilization of 50 per cent of
test organisms (usually Daphnia) within 48 hours. In de-
fining chronic aquatic toxicity, test organisms are usu-
ally exposed over their entire lifetime to different con-
centrations of a substance with the aim of establishing
the concentration level which produces "no-adverse ef-
fects” on the test organism. These laboratory studies

Directives of the Council of the European Communities are here-
after referred to as EC Council Directives.
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TABLE 1

Water-quality criteria for inorganic water-quality parameters established in Canadaa

Use-related water-quality criteria in mg/1

Water-quality parameter Aquatic life Irrigation Livestock watering
Aluminium (total) .........c...... 0.005-0.1h 5.0 5.0
Ammonia (total) .... 1.37-2.2e

Arsenic (total) .... 0.05 0.1 0.5-5.0
Beryllium ........ 0.1 0.1e
Boron (total) ... 0.5-6.0 5.0
Cadmium (total).. 0.0002-0.0018d 0.01 0.02
Calcium............ 1000
Chloride (total) ............ 100-700

Chlorine (total, residual).. 0.002

Chromium (total) ......... 0.002-0.02 0.1 1.0
Cobalt (total)....... 0.05 1.0
Copper (total)......... 0.002-0.004d 0.2-1.0f 0.5-5.0
Cyanide (as free CN). 0.005

Fluoride (total) ...... . 1.0 1.0-2.0
Iron (total) ..ccccovvvvveveecrinn 0.3 5.0

Lead (total) ...ccccovvrvvrnicnnne 0.001-0.007d 0.2e 0.1
Lithium (total) .... 2.5

Manganese (total) . . 0.2

Mercury (total)........ccceevrvnnene. 0.0001 0.003
Molybdenum (total)............... 0.01-0.05 0.5
Nickel (total) 0.025-0.15d 0.2 1.0
Nitrate .......ccoeene . Avoid prolific weed growth

Nitrate and nitrite.........c........ 100
NIEFTE oo 0.06 10.0
Oxygen, dissolved 5.0-9.5

PH o 6.5-9.0

Selenium (total) . 0.001 0.02-0.05 0.05
Silver (total) .... 0.0001

Sodium.........

Sulphate ......c........ 1000
Total dissolved solids 500-3500 3000
Uranium (total) ......... 0.01e 0.2
Vanadium (total). . 0.1 0.1
Zinc (total) ....cooccvvviniiinnn, 0.03e 1.0-5.0h 50.0

:)As of March 1990, published by the Canadian Council of Ministers of the Environment.
Criteria vary with pH, calcium and dissolved organic carbon concentrations.

aCriteria_change with temperature and pH.

Criteria change with hardness. )

Fentatlve criteria because of insufficient evidence.

Cégﬁrilr?gvg%yc(rjﬁg?lnadlrg ired SPecial analysis of the level at which sodium is absorbed. h
Criteria change with pH.
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TABLE 2

Water-quality criteria for pesticides established in Canada a

Use-related water-quality criteria in mil

Irrigation
Hay
and
Pesticide Aquatic life cereals Legumes Others Livestock watering Amenities
Aldicarb ..o 1.0b 67.5 D 0.5
Atrazine ... 2.0 10b 10b b 60b
Bromoxynil... 5.0 7.4 0.35 D 19b
Captan ........... po 20b
Carbofuran.... T 45
Chlorothalonil .. c c c c c
Cyanazin ...... 2.0b 0.5b 0.5b ® 10b
Dicamba............ 10b 0.6 0.06 69
Diclofop-methyl . 6.1 0.18 B 9.0b
Dinoseb............. 0.05 16 16 B 150
Dimethoate .. @ 4b
Endosulfan.... 0.02
Glyphosate ... & 280
Lindane ......cccooeeeveeieeeeeeeee a 4.0
LiNUIoN .o c c c
MCPA ....... c c c c c
Metolachlor .. 8.0 28 28 B 50b
Metribuzin 1.0b 0.5b 0.5b ® 80b
Picloram.... k) 190b
Simazine ... 10 ® 8%% 10b
Tebuthiuron .......ccccevvveeviieicen c c c c c
Triallate...oooooveeieeceeecee e @ 230b
Trifluralin a 45b
2,4-D o 9 100b

? As of September 1992.
Interim criterion.

¢ Criteria under development.
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TABLE 3

Water-quality criteria for selected organic water-quality parameters established in Canada
for the protection of aquatic lifea

Water-quality criteria
for aquatic life

Water-quality parameter n mgll Notes

Alrin/dieldrin ... 0.000004

Y1 - VA [ S 0.002

BENZENE ..o 0.3 Tentative criterion

Carbofuran .........ccoveevciveiceecee e 0.00175

ChIOrdane .......ccovveieeicesee e 0.000006

Monochlorobenzene ...........cccoovvvnieicnennnceees 0.015 Tentative criteria

Dichlorobenzene, 1,2- .. 0.0025 because of insufficient

Dichlorobenzene, 1,3- ..o 0.0025 evidence for all chloro-

Dichlorobenzene, 1,4- .....ccccocviveieeceieceeeeeeeene 0.004 benzenes

Trichlorobenzene, 1,2,3- 0.0009

Trichlorobenzene, 1,2,4-......c.cccoccvvveivveviierieeseenn 0.0005

Trichlorobenzene, 1,3,5,-..cccoccovveiieieieiieseeeenn 0.00065

Tetrachlorobenzene, 1,2,3,4- 0.0001

Tetrachlorobenzene, 1,2,3,5- . 0.0001

Tetrachlorobenzene, 1,2,4,5- 0.00015

Pentachlorobenzene .......ccceeevvveiiicceceeceeeceees 0.00003

Hexachlorobenzene ........cccoeevvveviievccesiceccece 0.0000065

Monochlorophenol . 0.007

Dichlorophenols . 0.0002

Trichlorophenols..... 0.018

Tetrachlorophenols ... 0.001

Pentachlorophenol ... 0.0005

CYANAZIN oo 0.002 Tentative criterion

24D st 0.004

(D] N I . 0.000001

Dichloroethane, 1,2- ......ccccccovveiienieieeseesen e 0.1

ENdOSUITaNn ......ccocveiciiicccece e 0.00002

ENAIIN o e 0.0000023

EthylDENZENE ....oovvic 0.7 Tentative criterion

GlYPhOSALe ... 0.065

Heptachlor + heptachlor epoxide..........ccccceeceinirininee 0.00001

Hexachlorobutadiene .........ccccoeevveiiicivceieseieiins 0.0001

Hexachlorocyclohexane isomers ... 0.000001

MELHBUZIN v 0.001

Phenols (total) ..o 0.001

Dibutyl phthalate ..........cccoovvimnniicinee 0.004

Di-(2-ethylhexyl)phthalate ..o 0.0006

Other phthalate eSters ........cocoevecervrvceeiieirsseeens 0.0002

Picloram ... 0.029 Tentative criterion

Polychlorinated biphenyls (total) .........ccocoeiicicnnne. 0.000001 Criteria for inland water
0.00001 Criteria for marine water

Tentative criterion

Tetrachloroethvlene ..., 0.26

TOIUBNE oo 0.3

TOXAPNENE .o 0.000008

Trichloroethvlene ... 0.02

2 As of March 1990. published by the Canadian Council of Ministers of the Environment.
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may, however, produce different results, mainly because
of the absence of uniform test methods for chronic toxic-
ity.

The persistence of a substance in the aquatic environ-
ment often relates to the risk that a substance may con-
stitute: the longer the substance is present, the greater the
probability of its effects on targets of interest. Usually,
the aquatic half-life of a substance is used for quantify-
ing persistence. This is not, however, a simple para-
meter, as the persistence of a substance is generally in-
fluenced by a range of physical, chemical and biological
processes. Expert judgement is made, when necessary, to
provide the best estimate of this parameter.

Bio-accumulation describes effects of uptake of a
substance from the environment upon a target organism.
As with persistence, bio-accumulation may constitute a
risk only in combination with effects parameters such as
toxicity. Methods have been elaborated in some
UN/ECE countries which also make it possible to in-
clude the bio-accumulation potential of a substance in
the assessment of the risk this substance poses to the
whole aquatic ecosystem.

Carcinogenicity, mutagenicity and teratogenicity have
also been applied in some schemes as selection criteria.
The wider application of these characteristics is however
limited mainly because of problems related to the avail-
ability and comparability of information, as well as to
the classification and ranking of carcinogenic, reproduc-
tive and developmental effects.

Usually, compensation factors are applied to extra-
polate laboratory test data to the actual situation of the
water body and to compensate for any missing data. The
lower the level of knowledge of the harmful effects, par-
ticularly with respect to the long-term effects of low con-
centrations, the wider the safety margin to be established
between the effects data and the quality criteria based
thereon. Most UN/ECE countries use a safety factor of
10 with data on chronic toxicity for sensitive aquatic
species. If data on acute toxicity only are available, a
larger factor, most commonly 100, is used unless infor-
mation on the ratio between acute/chronic toxicity is
available.

Experience in some UN/ECE countries pointed to the
need to verify toxicity data derived from laboratory tests
by comparison with the available field toxicity data, tak-
ing care to distinguish between the effects of the particu-
lar compound and those of other potentially toxic com-
pounds present. Any discrepancies between the field
data and the tentative water-quality criteria require the
reassessment of the available field and laboratory data
and. if necessary. the application of a different safety
factor.

Concern for extrapolation of data from standard la-
boratory species to complex aquatic ecosystems has led
to multiple species testing and, more recently, the at-
tempts to develop integrated field, laboratory and meso-
cosm approaches. Current methods for toxicity testing
may also fail to deal with ecosystem complexity result-
ing from multiple causality and synergy of multiple
stresses acting simultaneously within the ecosystem.

As large aquatic ecosystems, including transboundary
waters, are frequently subject to a great number of hu-
man interaction, mathematical modelling of chemicalfate is
at present the preferred approach to overcoming this

difficulty. In the Great Lakes. for example, the mod-
elling approach integrates data on physico-chemical
properties of toxic substances with hydrodynamic and
aerodynamic transport models, first applied to the pre-
diction of the concentration of polychlorinated biphenyls
(PCBs) in fish. An alternative approach to obtaining in-
formation on toxicity at the levels of biological commu-
nities and ecosystems is the potential use of individual-
based, organism models. These models, subject to fur-
ther research, are intended to reflect the outcome of in-
teraction between individuals in a population or between
species in a community.

In general, comprehensive data on the harmful prop-
erties of substances or their concentrations in inland wa-
ters, biota and sediment are scarce and expert judgement
is often required in assessing the reliability of data and
providing default values. In some countries, computer-
ized systems have been recently developed in order to
facilitate the selection of priority substances. In the
United Kingdom, for example, a computerized system
based on four scenarios is applied, as follows:

(a) The short-term scenario considers whether the
concentration of a substance in water, owing to the emis-
sion of that substance from point and non-point sources,
will approach the level at which acute toxic effects oc-
cur;

(b) The long-term scenario looks at whether the con-
centration of the substance from a variety of emission
sources may approach the level at which chronic toxic
effects occur, due to the substance's persistence;

(c) The food-chain scenario assesses Whether the
concentration of the substance will reach a level at which
toxicity problems occur in higher organisms due to bio-
accumulation through the food chain;

(d) The carcinogenicity scenario Studies whether the
substance's properties suggest that it may cause cancer
following exposure in or through the aquatic environ-
ment.

B. Water-quality criteria for individual use
categories

1. Criteria for raw water used for drinking-water
supply

These criteria describe water-quality requirements im-
posed on inland waters intended for abstraction of drink-
ing water. Water-quality criteria for raw water generally
follow drinking-water criteria that define a quality of
water that can be safely consumed by humans through-
out their lifetime. They address microbiological and bio-
logical requirements as well as inorganic and organic
substances of significance to human health. Drinking
water should, for example, not contain any micro-
organisms known to be pathogenic and should be free
from bacteria indicative of pollution with excreta (faecal
coliforms and coliform organisms). It should also not
contain any pathogenic intestinal protozoa, that is organ-
isms possibly introduced into water through human or,
in some cases, animal faecal contamination.

In order to arrive at drinking-water criteria for inor-
ganic and organic substances of health significance, toxi-
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cological studies with laboratory animals are conducted
in order to predict the toxic effects of substances on hu-
mans. One major problem is the extrapolation of toxico-
logical data from animals to man, owing in particular to
the relatively high doses used in experiments and the low
concentrations found in drinking water. Uncertainties are
also related to the assessment of the total intake of a sub-
stance from air, water and food. Furthermore, there is the
potential of additive, synergistic and antagonistic effects
of substances that may be present in water. These uncer-
tainties are currently taken into account by the use of
safety factors as high as 100 or 1,000.

Criteria for drinking water have been developed by
some international organizations and include the 1984
World Health Organization's Guidelines for Drinking-
water Quality and the EC Council Directive of 15 July
1980 Relating to the Quality of Water Intended for Hu-
man Consumption (80/778/EEC), covering some 60
quality parameters. These documents are used by
UN/ECE countries, as appropriate, in establishing en-
forceable national drinking-water quality standards.

Water-quality criteria for raw water used for drinking-
water supply differ depending on the potential of differ-
ent methods of raw-water treatment (e.g., simple physi-
cal treatment and disinfection, chemical treatment and
disinfection, intensive physical and chemical treatment)
to reduce the concentration of water contaminants to the
level set by drinking-water criteria. In revising the exist-
ing criteria, many countries strive to ensure such quality
of raw water as would require only the use of near-
natural conditioning processes (e.g., bank filtration or
low-speed sand filtration) and disinfection in order to
meet drinking-water standards.

In member States of the European Community, na-
tional quality criteria for raw water used for drinking-
water supply also follow prescriptions of the EC Council
Directive of 16 June 1975 Concerning the Quality Re-
quired or Sui face Water Intended for the Abstraction of
Drinking Water in Member States (75/440/EEC), which
covers 45 criteria for parameters directly related to pub-
lic health (microbiological characteristics, toxic com-
pounds and other substances with a deleterious effect on
human health), parameters affecting the taste and odour
of water (e.g., phenols), parameters with an indirect ef-
fect on water quality (e.g., colour, ammonium) and pa-
rameters with general relevance to water quality (e.g.,
temperature).

Increasing knowledge on organic pollutants, hazard-
ous in water at low concentrations, has led some coun-
tries to narrow the gap between drinking-water criteria
and raw-water criteria. In the Netherlands, for example.
the raw-water criteria for pesticides and related products
(insecticides, herbicides, fungicides) have been set at a
concentration of 0.1 1.tg/1, in accordance with the EC
Council Directive (80/778/EEC) for drinking-water cri-
teria. In Germany, similar action is under consideration.

2. Criteria for irrigation

Irrigation is one of the main agricultural consumers of
water in the UN/ECE region. Poor quality water may af-
fect irrigated crops by causing accumulation of salts in
the root zone, by causing loss of permeability of the soil
due to excess sodium or calcium leaching, or by containing
pathogens or contaminants which are directly toxic to

plants. Contaminants in irrigation water may accumulate
in the soil and render the soil unfit for agriculture after a
period of years. When the presence of pesticides or
pathogenic organisms in irrigation water does not di-
rectly affect plant growth, it may, however, potentially
affect the acceptability of the agricultural product.

Water-quality criteria for irrigation water generally
take into account such characteristics as crop tolerance
to salinity, sodium concentration and phytotoxic trace
elements. The effect of salinity on the osmotic pressure
in the unsaturated soil zone is one of the most important
water-quality considerations as this has an influence on
the availability of water for plant consumption. Sodium
in irrigation waters can adversely affect soil structure
and reduce the rate at which water moves into and
through soils. Sodium is also a specific source of injury
to fruits. Phytotoxic trace elements such as boron, heavy
metals and pesticides may stunt the growth of plants or
render the crop unfit for human consumption or other in-
tended uses.

A number of other factors have a bearing on water-
quality criteria for irrigation. The effect of water on irri-
gated crops depends for example on the texture of the
soil, as well as the physical properties of the specific
contaminants in the water. In some countries, two differ-
ent sets of water-quality criteria are developed for sandy
soils and clay-based soils in order to account for differ-
ent rates of water percolation and accumulation of sub-
stances in the root zone. Additionally, the type of crop
may be taken into account.

Quality criteria may differ considerably from one
country to another, due to different annual application
rates of irrigation water. In Canada, for example, water-
quality criteria for irrigation are being set so that the land
can be irrigated for at least 100 years with an annual ap-
plication rate of 1,000 mm irrigation water before con-
centrations of contaminants in the soil reach the thresh-
old of phytotoxicity.

3. Criteria for livestock watering

Poor quality water may affect livestock by causing
death, sickness or less than optimum growth of the ani-
mals. Parameters of concern include in particular ni-
trates, sulphates, total dissolved solids (salinity), a num-
ber of metals, and organic micropollutants such as
pesticides in addition to blue-green algae and pathogens
in water. Some of these substances or their degradation
products present in water used for livestock may occa-
sionally be transmitted to humans. The purpose of qual-
ity criteria for water used for livestock watering is there-
fore to protect both the livestock and the consumer.

Criteria for livestock watering usually take into ac-
count the type of livestock, the daily water requirements
of each species, the chemicals added to the feed of live-
stock to speed up the growth process and reduce the risk
of disease, as well as information on the toxicity of spe-
cific substances to the different species. If water for live-
stock contains high concentrations of elements, the diets
of animals may require adjustment to ensure that the el-
ements in question will not produce any toxic effects.
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The setting of water-quality criteria for livestock wa-
tering is complicated by factors similar to those encoun-
tered when criteria are developed for other water uses.
Problems include the lack of conclusive research results
on cause-effect relationships between contaminants and
animals, the unknown effects of combinations of toxi-
cants or interaction of toxicants with certain non-toxic
substances (which may give rise, for instance, to syner-
getic effects), and analytical problems associated with
measurements of low concentrations of toxic substances.

4, Criteria for recreation and amenities

Recreational water-quality criteria are used to assess
the safety of water to be used for swimming and other
water-sport activities such as windsurfing and water-
skiing. The primary concern is to protect human health
by preventing water pollution from faecal material or
from contamination by micro-organisms that could cause
gastro-intestinal illness, ear or skin infections. As a rule,
recreational water-quality criteria are established by gov-
ernment health agencies.

Recreational criteria are often set for indicators of fae-
cal pollution, such as faecal coliforms and pathogens.
There has been a considerable amount of research re-
cently in the development of other indicators of micro-
biological pollution including viruses that would affect
swimmers.

Criteria are also being developed for pH, since ex-
tremes of pH may cause eye irritation, and for some
other parameters, such as turbidity and salinity. Usually,
recreational water-quality criteria do not take into ac-
count hazardous substances such as heavy metals and or-
ganic micropollutants. Due to the short exposure of
swimmers, recreational water-quality criteria for these
substances would be less stringent than similar criteria
established for other water uses.

The EC Council Directive of 8 December 1975 Con-
cerning the Quality of Bathing Water (76/160/EEC), for
example, established quality criteria containing both
guideline values and maximum allowable values for mi-
crobiological parameters (total coliforms, faecal coli-
forms, faecal streptococci, salmonella, entero viruses) to-
gether with some physico-chemical parameters such as
pH, mineral oils and phenols. This Directive also pre-
scribes that member States should individually establish
criteria for eutrophication-related parameters (ammo-
nium, nitrogen and phosphates), toxic heavy metals and
organic micropollutants. No quality criteria were estab-
lished for these parameters in the Directive itself.

Some criteria have been established in UN/ECE coun-
tries aimed at the protection of the aesthetic properties of
water. These criteria are primarily oriented towards the
visual aspect. They are usually narrative in nature, and
may specify, for example, that waters must be free of
floatin9, oil or other immiscible liquids, floating debris,
excessive turbidity, and objectionable odours. The cri-
teria are mostly non-quantifiable because of the varying
acuteness of sensory perception and because of the vari-
ability of local conditions.5. Criteria for commercial and
sports fishing

Water-quality criteria for commercial and sports fish-
ing take into account, in particular, the bio-accumulation
of contaminants through successive levels of the food
web, which can 