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 watér pollutants into
aquatic ecosystems. This applies in pasticular 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
aguatic 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 wansboundary waters shall elaborate joint
water-quality criterta and water-quality objectives (article

.9); undertake specific research and development activ-

ities 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 objec-
tives is given in annex 11 to the Conventi(_m.

This part of the publication examines existing methods
for assessing the status of surface waters in member coun-
tries and for defining water-quality criteria and objectives
with the atm of maintaining and, where necessary, im-
proving the existing water quality, in particular of trans-
boundary waters. Cooperative arrangements on the sub-
ject 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 criteriz, and help riparian
couniries bordering the same transboundary waters, to re-
solve extant problems in the elaboration of joint water-
quality objectives and criteria. It may additionally assist
member Governments in defining Jevels of significant
transhoundary water pollution, resolving problems related
to responsibility and liability in regard to transboundary
water pollution, and selecting technology for waste-water
treatment.

RECOMMENDATIONS TO UN/ECE GOVERNMENTS ON
WATER-QUALITY CRITERIA AND OBJECTIVES

Many chemical substances emiited 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 10 an excessive release of nutrients and other
conventional water pollutants, has led many countries to
develep and implement water management strategies on
the basis of, inter alia, water-quality criteria and objec-
tives, taking into account waier-quality requirements for
water uses in the relevant catchment area.

Guidelines for developing water-quality objectives and
criteria are given in annex III to the UN/ECE Convention
on the Protection and Use of Transboundary Water-
courses 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
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of water-quality objectives for inland surface waters, and
in order to strengthen international cooperation,

it is recommended that:

Water-quality requiremnents for different water uses,
such as drinking-water, irrigation, livestock watering,
fisheries, leisure activities, amenities, and maintenance of
rivering 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 differeni substances and
their mixtures (for example, synergistic effecis) 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 microbiclogical 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 ecosysiems.

The precautionary principie should be applied when
sclecting 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:

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

(b) 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;

{¢) 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-
sion 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 imtegrity of aguatic ecosystems and to specific re-
quirements regarding sensitive and specially protected
waters and their environment, such as weiland 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 fiora and fauna and other information
that characterizes the structural andfor functional integ-
rity of aquatic ecosystems.

In setring 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 andfor criteria that
are capable of diagnosing early stages of stress (o aquatic
ecosystemns. Particular attentior should be paid to the
further development and improvement of systems for
water-quality assessment and classification that rely on
biolegical 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,
hvestock watening, 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 requirernents 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 carch-
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 catchrnent 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
1o ensure that water-guality objectives are appropriate to
protect human health.

Water-quality objectives established should be con-
sidered as the ultimate goal, that is, as a targel 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-guality objectives, taking into ac-
count, inter alia, the current water guality, current and
potential new water uses in the catchment area, available
techaical 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 integra! 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 feasibie.
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:

{e) Taking steps, such as emission inventonies 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) Phas"mg out or prohibiting the use of hazardous
substances when those pose a particular risk to sensirive
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 warer-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 timetabie
for compliance should be. subject to revision at appropri-
ate time intervals in order 10 adjust them, inter alia, 1o
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 informec 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 guality
of water needed to protect and maintain individual water
uses. They are based on parameiers that describe the
quality of water as such and/or the quality of suspended
particuiate matter, bortom sediment and biota.

Many water-quality criteria set a maximum level for
the concentration of a substance (in water, sediment
andfor biota, respectively) which is not harmfu! under
the conditions of & continuous water use for a single,
specific purpose, such as water for drinking-water sup-
ply, agriculture and recreation, and reguirements of bic-
logical communities and the functioning of aquatic eco-
systems in gemeral. 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 dissoived oxygen,
water-quality criteria are set at the minimum acceptable
ievel for the concentration of a substance to ensure the
maintenance of biological functions.

Some countries introduce different risk leveis when
developing water-quality criteria. In the Netherlands, for
example, discussion between policy makers and scien-
tists has led to the defianion 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-
jows:

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

(#) Duration, i.e., the period of time over which the
predicted in-streamn concentration is to be averaged for

comparison with the criteria concentration (this specifi-
cation Iimits the duration of concentrations above the
criteria);

(¢} Frequency, ie., how often criteria can be ex-
ceeded without unacceptably affecting the designated
use.

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

Numerous studies have confirmed, for example, that a
pH-range of 6.5 to 9 is appropriate for the mainienance
of fish communities. Consequently, water-quality criteria
for pH usually follow this range. As concerns dissolved
oxygen, the combination of low concenirations of dis-
solved oxygen and the presence of toxic substances may
lead to stress responses in aguatic scosystems because
the toxicity of, for example, zinc, lead and copper, is in-
creased by low concentrations of dissolved oxygen. High
water temperature also increases the adverse effects of a
low concentration of dissolved oxyger 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/] de-
pending on water temperature requirements for particu-
lar species during various life stages, ie., 2 minimum
dissolved-oxygen concentration of 5 to 6 mg/l for warm-
water biota and 6.5 to 9.5 mg/] for cold-water biota.

Water-quality criteria for nutrients, such as phos-
phates and ammenium, 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-accumulation
capability and/or their carcinogenic, teratogenic or muta-



14

Protection of water resources and agoatic ecosystems

genic effects, pose a threat to water use and the function-
ing of aquatic ecosystems. Genetic material, recombined
in vitre 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 andfor 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-
borme 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 10
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, 2 much more 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 10 both
develop water-quality criteria and establish water-quality
objectives. This task force comsists of scientists and
‘water managers appointed by the Federal Government
and the Ldnder authorities responsible for water manage-
ment.

In some countries attempts were made to apply water-
quality criteria elaberated 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 the

number of toxicity studies 1o 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 ('?6,!464/]:“.5(3)l 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 controi 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 elevant characteristics of these sub-
stances. Long discussions were held, however, on the is-
sue of which characteristics should constitute the mini-
mum necessary 1o describe a hazard, ie., whether a
substance should be classified as bazardous because of
its toxicity only, because of its toxicity combined with
either persistence or bio-accumulation, or because it pos-
sesses all three characteristics. '

Ameng toxicity parameters ubsed 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 canses 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 iifeétime 1o different con-
centrations of a substance with the aim of estabiishing
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 ta as EC Council Directives.
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TARLE 1

Water-quality criteria for inorganic water-quality parameters established in Canada®

Use-reloted water-guatiry criteria in mptl

Waier-qualiry pavameter Aquatic life ' drrigation Livestack watering
Aluminium (total) ..oooeeereeee. 0.005-0.1° 50 5.0
Ammonia (total) c.wenerieere. 1.37-2.2° )

Arsenic (total) ... 0.05 0.1 0.5-5.0
Beryllivm .......... 0.1 0.1°
Boron (total) ... 0.5-6.0 5.0
Cadmiom (tosal) e 0.0002-0.0018° 0.01 0.02
LAF:5Ta110) | 1000
Chloride (10tal} ............ 100-700

Chiorine (total, residual}.......  0.002

Chromium (total}.................. 0.002-0.02 0.1 10
Cobalt (total) ......... 0.05 1.0
Copper (total)..... 0.002-0.004% 0.2-1.0° 0.5-5.0
Cyanide (as free CN} e 0LO05

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

Lead (toral) -... 0.001-0.007 0.2 0.1
Lithium (total} ...... 25 :
Manganese {total) . 0.2

Mercury (total).......... 0.0001 0.003
Moiybdenum {total) ....ccooners 0.01-0.05 0.5
Nicke! (t0£2l) .ooremeceroerrernee 0.025-0.159 0.2 1.0
‘Nitrate Avoid prolific weed growth

Nitrate and nitrite................. 100
Nitrite 0.06 10.0
Oxygen, dissolved ............... 5.0-9.5

pH 6.5-9.0 , )

Selenium {total) coe.oeeeeeeeee.. 0,001 (.02-0.05 0.05
Silver (total) ...... wee 0.0001

Sodium ........... E

Sulphate ... 1000
Total dissolved solids ........... 500-3500 3000
Uranium (to1ak) ...-..... o.01% 0.2
Vanadium {total) .. 0.1 0.l
Zinc (total) .oeeeeoeeererenere. G03° 1.05.0" 50.0

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

© Criteria change with temperature and pH.
Criteria change with hardness.
Tentative criteria because of insufficient evidence.
Criteria vary depending on crops.

£ Setting of criteria requires special analysis of the level at which sodium is absarbed.
Criteria change with pH.
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TABLE 2

Water-quality criteria for pesticides estabiished in Canada *

Use-related water-guality criteria in ngi

irripation
Hay
and
Pesticide Agiaric life cerealt Legumes  Others Livestock wataring Amenities
Aldicar oo 1.0° 67.5 549 0.5
Atrazine 2.0 10° 10° i* 60"
Bromoxynil ..o 5.0 74 0.35 1.0 19
Captan 2.8 . 20°
Carbofuran .....veveeeeeeeevereeeee 1.7 45
Chiorothalonil .. c e £ ¢ ¢ c
Cyanazin .......... 2.0° 05° 0s° 0.5° (i
Dicamba 10° 0.6 0.06 0.006 69
Diclofop-methyl ooeoveveereeeeee. 6.1 018 56 9.0°
Dinoseb 0.05 16 16 16 150
Dimethoate .....ovvvvrvreoreeeerarene. 620 4b
Endosulfan ... 0.02
Glyphosate ..ocoeeemcsiicieirnien. 05 280
Lindane 0.01 4.0
Linuron [ [ < Cc c 4
MCPA c ¢ ¢ ¢ ¢ ¢
Metolachlor .ooro oo 8.0 28 28 28 500
MetribUZin «..evcoeecoseeremssersren 1P 05" o5t . os° 80P
Picioram 290 190°
SUDAZINE «oevrv e vereomeerereenmee 10 05® 0s° 0.5° 100
Tebuthituron .....cocceeevecrsraieres € c c S e ¢ ¢
Triallate 0.24° ' 230°
Trifturalint oo 0.1 45°
24D 40 100°

3 As of September 1992,

P tedion eriterion.

€ Criteria under deveiopment.
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TABLE 3

Water-quality criteria for selected organic water-quality parameters established in Canada

for the protection of aquatic life”

Water-quolity criteria
Jor uguaiic life

Warer-quality parameter in mgit Notes
Aldrin/dieldrin (1.00D00D4
Alrazine 0.002
Benzene 03 Tentative criterion
Carbofuran 00175
Chlordane : 0.000006
Monochlorobenzene 0.5 Tentative criteria
Dichiorobenzene, 1,2- 0.0025 because of insufficient
Dichiorobenzene, 1,3- 0.0025 evidence for all chloro-
Dichiorobenzene, 1,4- 0.004 benzenes
Trichiorobenzene, 1,2,3- 0.0009
Trichiorobenzene, 1,2,4- 0.00035
Trichlorobenzene, 1,3,3,- 0.00065
Tetrachlorobenzene, 1,2,3.4- 0.6001
Tetrachlorobenzene, 1,2,3,5- 0.000}
Tetrachlorobenzene, 1,2,4,5- 0.00015
Peatachlorobenzene 0.00003
Hexachlarobenzene 0.0000063
Monochlorophene! 0.007
Dichiorophenois 0.0002
Trichlerophenols 0.018
Tetrachlorophenois 0.001
Pentachlorophenoi 0.0005
Cyanazin 0.002 Tentative criterion
24D 0.004
npT 0.000001
Dichloroethane, 1,2- 0.1
Endosuifan 0.00002
Endrin 0.0000023
Ethylbenzene 0.7 Tentative criterion
Glyphosate 0.065
Heptachlor + heptachlor gpoxide ... vrnrecrmannn. (.00001
Hexachlorobutadiene 0.001
HexachlorocyoloheXane iS0THETS .o v nnressssinseasases 0.000001
Metribuzin ¢.001
Phenois (total) 0.001
Dibutyi phthalate 0.004
Di-{2-ethylhexyl)phthalate 0.0006
Other phithalate esters .o vvemreieimrssimsnss s e 0.0602 -
Picloram 0.029 Tentative crijerion
Polychlorinated biphenyls {Lota) ... erorceererceeees 0.000001 Criteria for jnland water
0.00001 Criteria for marine water
Tetrachloroethylene 0.26 Tentative criterion
Toluene 0.3
TORAPRENE oeevee oo ees e eesm s s s ssasees 0.000008
0.02

Trichloroethylene

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

The persistence of a substance in the aguatic environ-
ment often relates to the risk that a substance may con-
stituge: 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 subsiance poses o the
whole aguatic ecosystern. ’

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 refated 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 acrual situation of the
water body and 1o 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 semsitive aquatic
species. If data on acute toxicity only are availabie, a
larger factor, most commonly 100, is used uniess 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 ientative 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 ecosystemn compiexity result-
ing from multiple "cansality and synergy of muitiple
stresses acting simultaneously within the ecosystem.

As large aquatic ecosystems, including transboundary
waters, are frequently subject 1o a great number of hu-
man interaction, mathematical modelling of chemical

fate 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 witk hydredynamic 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-
pities and ecosystems is the potential use of individual-
based, organism ronodels. 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~
accumutation 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 drmkmg 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 tequirements as well as inorganic and organic
substances of significance to human health. Drinking
water should, for example, not contain any micro-
organisms known io be pathogenic and should be free
from bacteria indicative of pollution with excreta (faecal
coliforms and coliform organisms). It should aiso 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 astive 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 experitnents and the low
concentrations found in drinking water. Uncertainties are
also related to the assessment of the total intake of 2 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 Qualiry and the EC Council Directive of 15 July
1980 Relating 10 the Qualiry of Water Intended for Hu-
man Consumption (80f778/EEC), covering some 60
quality parameters. These documents are used by
UN/ECE countries, as appropriate, in estabiishing 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 treatrnent (e.g., simple physi-
cal weatment 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 guality
of raw water as would require only the use of near-
natural conditioning processes (e.g., bank filration or
low-speed sand filtration) and disinfection in order to
meet drinking-water standards.

In member States of the European Community, na-
rional quality criteria for raw water used for drinking-
water supply also follow prescriptions of the EC Council
Directive of 16 June 1975 Councerning the Qualiry Re-
quired of Surface Water Intended for the Absiraction 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 guality {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, fungitides) have been set at a
concentration of 0.1 pg/l, in accordance with the EC
Council Directive (80/778/EEC) for drinking-water cri-
terta. 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 cansing loss of permeability of the soil
due to excess sodium or calcium leaching, or by contain-

ing pathogens or contaminants which are directly toxic
to plants. Contaminants in irrigation water may accumu-
late in the soil and render the soil unfit for agriculture af-
ter 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 agricuitural product.

Water-quality criteria for imrigation 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. Sodivm
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 boroa, 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-
quaiity 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 exampie, 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 concem include in particular ni-
rates, 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 Hvestock 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 discase, as well as information on the toxicity of spe-
cific substances 1o 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 toxicanis with certain non-toxic
substances (which may give rise, for instance, 1o 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 1o 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 critenia are often set for indicators of fae-
cal pollution, such as faecat coliforms and pathogens.
There has been a considerable amount of research re-
cently in the development of other indicators of micro-
biological poliution including viruses that would affect
SWIMMeTs. '

Criteriz are also being developed for pH, since ex-
tremes of pH may cause eye imitation, 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 vatues and maximum allowable values for mi-
crobiological parameters (total coliforms, faecal coli-
forms, fascal streptococci, salmonelia, enters 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 {(ammeo-
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
floating 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 1ake into account, in particular, the bio-accumulation
of contaminants through successive levels of the food
web, which can make fish vnsuitable for human con-
sumption. In some countries, the approach described
hereunder is applied in developing these criteria.

First, the tolerable daily intake (TDI) is determined.
This is the quantity of a chemical that can be consumed
daily by man over his lifetime, with reasonable assur-
ance that his health will not be affected. The TDI is
based on all available animal and human toxicology data
for the substance in question and the application of
safety factors because of uncertainties about the relation-
ship between exposure and effect.

Second, the probable daily intake (PDI) of the chemi-
cal contaminant is determined, based on 2 person’s expo-
sure to the chemical from all sources. The PDI values
take into account the average and high rates of consump-
tion of fish and other food; they also consider the poten-
tial exposure of more sensitive subgroups of the popula-
tion (such as children or the elderly).

Third, when the PDI is greater than the TDI, the
maximum allowable concentration of a substance in fish
is determined (fish consumption criteria). Finally, water-
quality criteria are established ‘at such a concentration
that bio-accumulation and biornagnification (the succes-
sive increase in the concentration of a substance in the
food web} of the substance cannot lead to concentrations
in fish exceeding the fish consumption criteria.

6. Criteria for protection of aquatic life

Aquatic ecosystems are composed of the biological
community (producers, consumers, decomposers) and
the physical and chemical (abiotic) components. Within
the aquatic ecosystem a complex interaction of physical
and biochemical cycles exists. Anthropogenic stresses,
particularly the introduction of chemicals into water,
may adversely affect many species of aquatic flora and
fauna, which are dependent on both abietic conditions
(e.g., temperature, flow conditions, pH, concentration of
disselved oxygen, concentration of heavy metals and or-
ganic micropoliutants) and biotic conditions (e.g., spe-
cies composition}.

Water-quality criteria for the protection of aquatic life
may take into account only physico-chemical parameters
which tend to define a water quality that protects and
maintains aquatic life, ideally in all its forms and life
stages, or they may consider the whole aquatic ecosys-
tem.

Water-quality parameters of concemn are traditionally
dissolved oxygen {causing fish kills at low concentra-
tions) as well as phosphates, ammonium and nitrate
(causing significant changes in community structure if
released in excessive amounts into aquatic ecosystems).

Heavy metals and many synthetic chemicals can gain
entry into organisms, resist being metabolized or ex-
creted, and thus bio-accumulate. If the organism con-
tinues (o be exposed to chemicals that it cannot ad-
equately excrete or detoxify, concentrations can increase
to toxic levels. Some pollutants can also cause carcino-
genic, reproductive and developmental effects.
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When developing criteria for the protection of aquatic
iife, ideally there should be complete information on the
faie of chemicals within organisms and exposure-effect
relationships. The mechanisms of both the uptake of
contaminants from water bodies by aquatic organisms
and the bio-accumulation therein are to be studied. Fish,
for example, absorb toxic chericals directly from the
water flowing across their gills as part of their normal
respiration. Contaminants are also absorbed from the
sediment by bottom-dwelling animals such as tubificid
worms, insect larvae, molluscs or erayfish and accumu-
late in ducks, turtles and bottom-feeding fish such as
white suckers, brown bullheads and carp. Heavy metals
and many organic micropollutants, such as PCBs, diox-
ines and organo-chlorinated pesticides, may be absorbed
from the water by phytoplankton and then pass through
the food web to fish and eventually 1o the aquatic birds
and mammals. As many aquatic animals excrete these
chemicals very slowly (or not at allj, these contaminants
build up to higher concentrations at each step in the food
web because of the biomagnification effect, and can
reach toxic concenirations.

In Canada, criteria for aquatic life are based on the
lowest concentration of a substance that affects the test
organisms (lowest observable effect level). The water-
guality criteria established refer to the most sensitive
species in different species groups. The minimum data-
set requirements applied in Canada for development of
these criteria are:

{(a) Fish: at least three srudies of the toxicity of the
substance on three or more freshwater species resident in
North America, including at least one cold-water species
{e.g., trout) and one warm-water species (e.g., fathead
minnow?); of the above studies, at least two must be stud-
ies of chironic toxicity {partial or full life cycle);

(o) [nveriebrates: at least two chronic toxicity stud-
ies (partial or full life cycle} on two or more invertebrate
species from different classes, one of which inciudes a
planktonic species resident in North America (e.g., daph-
nid species};

(c) Plants: at least one study on a freshwater vascu-
lar piant or freshwater algal species resident in North
America. For highly phytotoxic parameters, the require-

ments increase to include four acute andfor chronic tox-

icity studies on algal or higher freshwater plant species.

In cases where these requirements for criteria deriva-
tion are not met, interim criteria are being developed in
Canada, as foliows:

(a) Fish: at least two studies of acute andfor chronic
toxicity of the substance on two or more fish species,
one of which inciudes a cold-water species resident in
North America (e.g., rainbow trout),

(b) Invertebrates: at Jeast two studies of acute and/or
chronic toxicity on two or more invertebrate species
from different classes, one of which includes a plank-
tonic species resident in North America (e.g., daphnid
species).

If a roxicity study indicates that a plant species is the
most sensitive species in the data-set, then this plant spe-
cies is used in Canada for drawing up the interim cri-
teria.

A number of other UN/ECE countries use a similar
approach with some differences in data requirements. In
Germany, for example, toxicity studies are carried out
for primary producegs.(e.g., green algal Scenedesmus
subspicatus), primary consumers (¢.g., water flea Daph-
nia magna), secondary consumers {e.g., fish) and reduc-
ers (e.g., bacterium Pseudomonas putida). Other infor-
mation s aiso used, including that on organolepiic
properties (e.g., fish tainting) of the substance, its mobil-
ity and distribution through different environmenial me-
dia and biodegradation behaviour (persistence).

In the Netherlands water-quality criteria are estab-
lished as foliows: first 2 maximum permissible risk jevel
(MRL) is established which agrees with the concentra-
tion of a substance at which full protection is provided to
95% of the species in a given aguatic ecosysiem, As or-
panisms in the field are always exposed to several sub-
stances at once, a factor of 100 is applied 1o the MRL 1o
reach the concentration values that correspond to the
negligible risk level (NRL). The MRL of a substance is
estimated using a practical extrapolation method for the
natural variance in sensitivity between orgamisms with
regard 1o toxic substances. On the basis of chronic toxic-
ity data for a number of test organisms which are consid-
ered representative of an aquatic ecosystem, the 95%
protection level can be estimated. If insufficient toxicity
data (less than four) are available, general safety factors
of 10, 100 or 1,000 are used.

Although in the Netherlands the MRL- and NRL-
values are primarily intended 1o protect aquatic life, al-
ready at this stage water-quality requirements for other
uses are taken into account if these are stricter than re-
quirements for aquatic life. In doiag 50, it is intended 1o
fully protect functions in aquatic ecosystems and the hu-
man uses of water. If, for example, the drinking-water
supply requires lower concentrations of a substance, the
NRL is lowered to a concentration at which this use is
fully protected. This particularity of setting water-quality
criteria should be taken into account when comparing
water-quality criteria andfor water-quality objectives es-
tablished in the Netherlands with those of other countries
(see chapter III). ’

More recently within the concept of the ecosystem
approach in water management, attempts have been
made to address criteriz that indicate healthy agquatic
ecosystem conditions. In addition to traditional criteria
dealing, for instance, with contaminant concentrations
and oxygen levels, new criteria try to describe the state
of resident species and the strucure and/or function of
ecosystemns as a whole. In developing these criteria. the
assumption has been made that they should be biological
in nature.

In some UN/ECE countries, research is under way on
the development of biocriteria that quantitatively express
water-quality criteria in terms of the resident aquatic
community’s structure and function. Biocriteria are un-
derstood as measures of “‘biological integrity™ that can
be used to assess cumulative ecological impact from
multiple sources and stress agents.

In the United Kingdom, quality criteria for the protec-
tion of aquatic ecosystems are now being based on an
ecological quality index. This approach is discussed be-
low under section 1L
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Protection of water resources and aguatic ecosystems

Considerabie efforts have been made to identify key
species which may serve as useful integrative indicators
of the functional integrity of aquatic ecosystems. This is-
sue has been extensively covered in the Guidelines on
the Ecosystem Approach in Water Management, con-
tained in Part One of the present publication.

It appears, for instance, that by the time a substance
produces adverse effects ‘on key species, ecosystems in-
tegrity may already have been adversely affected. This
calls for more research on sensitive indicators and/or cri-
teria that are capable of diagnosing early phases of stress
to aquatic ecosystemns. Ongoing research suggests that
such criteria and indicators should include both sensi-
tive, shont-lived species and information about changes
in community resulting from the elimination of key
predators.

1. Criteria for suspended particulate matter and
sediment

Sediment in lakes and rivers is composed of inorganic
(mineral} and organic matter. Due to their physico-
chemical properties, some substances such as PCBs, or-
ganochlorine pesticides and metals adsorb to the sus-
pended particulate matter and sediment. The suspended
particulate matter is also partially composed of plankion,
which can accumulate metals and toxic organic chemi-
cals. As a result, concentrations of, for example, PCBs in
suspended particulate matter and sediment can be 1,000
times higher than in water.

The development of quality criteria for suspended
particulate matter and sediment has not yet reached an
advanced stage in the UN/ECE region, and few criteria
are availabie so far. The amempts in some UN/ECE
countries 10 develop guality criteria for suspended par-
ticulate matter and sediment aim at achieving such a
water quality that the sediment (dredged material) could
be used for soil improvement and for application to
farmiand. Another goal of these quality criteria is to pro-
tect organisms living on or in sediment. It relates to
bottom-feeding fish, sediment-dwelling invertebrates
and other organisms likely to be affected by contami-
nated sediment.

The application of quality criteria for sediment in
water pollution conirol is considered to be complicated,
however, as sediment quality refiects the accumulation
process of pollutants over a long period of time. On the
other hand, quality criteia for suspended particulate
matter are being effectively used in some UN/ECE coun-
tries, as these criteria address pollutants recently intro-
duced into the water body.

Recent experience in the Netherlands suggests that a
far greater number of substances than previously consid-
ered are a potential threat to aguatic and terrestrial life.
Consequently, present water~quality criteria for sediment
are now under revision.

II. WATER-QUALITY ASSESSMENT AND
CLASSIFICATION

Water-quality assessments and classifications are gen-
erally based on a reference system against which the cur-

rant water quality is compared. The purpose of a refer-
ence base is to describe, as far as possible, the natural
conditions of 2 water body or basic requirements posed
on water guality by different water uses. There are nu-
merous difficulties in setting up such a reference base, in
particular relating to catchment areas subject to anthro-
pogenic stress over decades and to the use category
“‘aquatic life’*. Many UN/ECE countries now use water-
quality criteria for that purpose. Other countries carry
out specific hydrochemical investigations of the catch-
ment area concerned in order to establish an appropriate
reference base.

It is, however, practically impossible to establish the
reference base for all water-quality parameters. Assess-
ments of water quality and subsequent classification
have been ofien confined therefore to a study of a se-
lected number of criteria taking into account in particular
the most important water pollution problems in a given
country, Expert judgement is often used to ascertain ap-
propriate water-quality determinants relevant to given
water-quality problems.

In Norway, for example, eutrophication, acidification
and toxicity of surface waters as well as suspended sol-
ids and the presence of faecal organisms constitute the
most important water poliution-related problems. The
choice of water-quality parameters for the assessment
and classification scheme was based in that country on
the following concept:

(@) The parameter (or a number of parameters)
should adequatety describe the pollution problem in
question;

(b) Both the emission values and the immission’s
gituation should be known for the parameter(s) in ques-
tion;

{(¢) Information should be available on the response
of a water body to changes in loading in order both to
calculate necessary reductions of pollution loading (in
order to attain a given water-quality class) and to esti-
mate the costs of pollution reduction measures.

Based on this concept, 23 quality parameters have
been selected in Norway (table 4). Threshoid values for
these parameters (i.e., criteria), taken as reference level
to characterize ‘‘excellent’ water quality, represent
water quality required for maintenance of aquatic life or
natural water quality, ie., water quality in catchment
areas without any significant anthropogenic influence.

Similarly, in the Swedish system for reporting and as-
sessing water quality, water-quality parameters were
chosen that appropriately describe the nutrient status; the
oxygen status, including levels of oxygen-demanding
substances; light conditions; acidity status and acidifica-
tion; and toxicity of waters caused by metals. Back-
ground concentration levels, estimated on the basis of
hydrochemical analyses of unperturbed ‘‘reference”
takes or flowing waters in the region concerned, consti-
tute the reference basis for surface water. In order io es-
tablish background concentrations of substances in sedi-
ment, pre-industrial levels in sediment profiles from the
area concerned are used in many instances. If specific lo-
cal background values are not available, default values
are used, established on the basis of expert judgement.
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TaBLE4

Parameters and quality classes in the Norwegian system for elassification of pollnted waters

Water-quality classes

Water-gulity
Probilem Water body delerminants Linir of measuretent i 1 i s
Eutrophication Lakes Total phosphorus® png PA <7 711 11.1-20 »20
Total nitrogen® ng NA <200 200-325 326-45G  »450
Chlorophytl & JIT)| <2 2-3.7 3873 75
Primary production ng Cimifa <25 25-30 5190 90
Secchi depth® m ' >7 7-4.0 382 <2
Rivers Total phosphorus® ng B <4 4-7 7.1-10 >10
Total nitrogen e N/ <200 200-325 326450 =450
Organic mawrial Rivers and lakes  Colour <15 15-25 26-40 =40
CoD® mg O/1 <3 3-5 3.1-8 »8
TOC® mg C/l <2.5 2.5-4.2 43-6.7 »6.7
Hypolimnion O2 %6 O2 >70 70-5¢ 49-30 <30
Acidification Rivers and lakes pHd >6.5 6.5-6.0 5.9-35 <3.5
Alkalinity? mmol/l >0.] 0.1-0.03  0.029-001 <0.01
Aluminium (labil)® ug Aljl <20 20-40 41-50 »50
Heavy metals Rivers and lakes ~ Copper® ng Cujl <3 3-15 16-60 60
Tin® kg Zn/fl <30 30-60 61-300  >300
Cadmium® g Cdil <02 0.2-0.5 0610 =1
Lead® ug Pb/jl <1 1-5 5.1-15 >15
Nickef® ng Nifl <10 10-30 31-160 >100
Chromivm® g Crfl <5 5-15 1640 >40
Iron® mg Fe/l <01 0.1-0.2 0.21-04 >04
Manganese® mg Mn/! <0.05 0.05-0.1 0,11-0.15  >0.15
Suspended Rivers and Jakes  Turbidity FTU <5 (.5-1.0 1.1-3 >3
particuiate matier Suspended matter mgfl <2 2-5 5.1-10 >10
Microbial pollution ~ Rivers and lakes  Thermotolerant Number per
coiiform bacteria 100 ml <5 5-50 50-500 =500

 Mean value during summer.

-~ Mean annual values.

© The highest value of the year.
The lowest value of the year.
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The above-mentioned water-quality assessment and
classification systems describe only a partial set of con-
ditions to be met to maintain the functioning of aquatic
ecosystems. In order 1o assess the integrated, long-term
effects of pollution on aquatic ecosysiems, biologically-
based assessment and classification systems are increas-
ingly used.

Most bioiogical methods for water-quality assessment
and classification are modifications of the saprobity sys-
tem, developed many years ago. That system recognizes
distinct saprobity levels (from the xeno- and oligosapro-
bity for unpolluted and slightly polluted water, to poly-
saprobity for heavily polluted waters), characterized by
different communities of organisms. Sampling and iden-
tifying indicator organisms belonging to various groups
of aquatic life, including bacteria, algae, fungi, macro-
phytes, inveriebrates and fish, provide a means of assess-
ing long-term pollution changes in a water body. The
saprobity system may provide a picture of the long-term
impact of pollution on aguatic ecosystems. The saprobity
system is difficult to use, however, as expertise of highly
specialized hydrobiologists is required for the sampling
and identification of all components of the biocenosis at
the species level.

Biotic indicators, including the use of diatoms and
macro-invertebrates, and indices of diversity, which are
relevant only te certain groups of aquatic life but require
less input information, are also being used in a number
of countries.

In the United Kingdom, for example, biologically-
based scoring systems, such as the biological monitoring
working party (BMWP) score and the average score per
taxon (ASPT), have been applied in assessing river qual-
ity. These systems are relevant only 1o the benthic
macro-invertebrates which live on or in the bottorn sedi-
ment. The scoring systems reflect the status of commu-
nities of those anmimals with respect to the degree 1o
which they are affected by pollution.

A major drawback of a number of these systems is,
however, that they do not always take into accounti the
natural physical and chemical properties of waters which
have a fundamental influence on aquatic communities.
This makes it sometimes difficult to make meaningful
areal compansons between scores because of the infiu-
ence of the geology and topography of catchments, and
physiographic properties of rivers which will differ
around the country.

Computerized models have recently become available
which enable predictions to be made about the nature
and compesition of biclogical communities based on
certain natural physical and chemical properties at a
given river stretch. These approaches show potential for
the development of criteria, applicabie both nationally
and for ransboundary waters, because they take into ac-
count the natural propesiies of caichments which deter-
mine the nature of biological communities. Using these
systems provides a means to separate the influence of the
natural factors from those which are pollution-reiaied.
This allows direct comparisons 1o be made of the status
of aguatic communities between catchments and river
stretches.

One such model, the river invertebrate prediction and
classification system (RIVPACS), developed in the

United Kingdom, has recently been applied extensively
in biological surveys of rivers in that country. It allows a
prediction to be made of the composition of the inver-
tebrate community that would be expected for an unpel-
luted site according to its geographic location, and cer-
tain natural physical and chemical properties of the river,
including the river bed and the water. It is then possible
to compare the status of the invertebrate community
which is actually present in the river with that which
would be expected were that site to be unpolluted. The
ratio of the observed to predicied status can be expressed
as an ecological quality index (see below in this section).

At present, workable systems for applying ecological
classification schemes are oaly available for invertebrate
communities in rivers. Reseasch is currently in progress
to examine the feasibility of developing and introducing
comparable systems for other categories of waters and
other groups of aquatic flora and fauna.

Assessments of the biological guality provide an indi-
cation of the ‘‘living’’ state of the river whilst a chemi-
cal assessment provides a link to the discharges and pol-
lution control requirements. Both kinds of information
are important for water-quality management.

In some instances, it was proposed to have separate
chemical and biological classification schemes which
woiuld be applied independently. A stretch of a surface
water body, for example, would then be assigned both a
chemical and biological class. However, such a scheme
would probably be complicated to apply and might lead
to confusion, particularly in cases where wide discrepan-
cies would occur between chemical and biological
classes assigned to a given stretch,

Ways of combining these two different measures of
water quality into a single classification scheme are the
subject of research and field investigations in some
UN/ECE countries.

In the United Kingdom, for example, a preliminary
analysis of data of the 1990 water-quality survey sug-
gests that the most effective way of combining both
chemical and biclogical criteria in a single classification
scheme would be to apply a “‘biological over-ride’ to
the chemical classification. This would operate by as-
sessing the biological guality of sites which fall into
each of the chemical classes. Criteria would then be ap-
plied to decide whether a change of class is warranted,
depending on whether the biclogical quality was better
or worse than expected for that particular chemical class.

In most of the water-quality classification schemes,
there is a risk of subjectivity in the definition of concen-
fration values that apply to a given water-quality class.
Quality classes also span a relatively broad range of con-
centrations that may in some cases not allow detection of
variations of water quality in time and space (in particu-
lar the “‘in-class™ variations}. Furthermore, it is recog-
nized that there is an inherent risk of misclassifying a
water body from the result of routine chemical sampling
programmes because of the effect of sampling error.

Auempts have been made, in a number of countries,
to develop mathematically derived water-quality indices
based on water-quality criteriz for physico-chernical and
microbiological parameters. These systems are used both
for assessing surface water quality as such and for as-
sessing the nsability of water for a given use category.
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Research in the Russian Federation, for example, has
resulted in the development of a water-pollution index
that relates the concentration of six water-guality pa-
rameters to the respeciive water-quality criteria. The
choice of these six water-quality parameters Jargely de-
pends on local conditions. Dissolved oxygen and the
biochemical oxygen demand have always been consid-
ered. A number of modifications of this index have been
studied with a view to selecting appropriate parameter
sets and elaborating aggregation functions appropriate to
the local or subregional conditions.

In the United Kingdom, water-quality indices are
used in combination with water-quality classification
systemns in order to get information on ‘*‘in-class’™ gual-

ity variations. In order to arrive at the respective water-
quality index, current water quality is related (with the
help of rating curves) to the ‘‘ideal” water-quality ex-
pressed by the watersquality criteria for the use in ques-
tion. Four indices are used: a general water quality index
containing nine quality paramelers, a potable water sup-
ply index reflecting water quality in terms of its suitabil-
ity for drinking-water supply, an aquatic toxicity index
and a poiabie sapidity index both based on toxic con-
taminants harmful 10 hurman and aquatic life. Expent
opinion has been gathered and evaluated in order to as-
sign a set of water-quality parameters to each index. The
parameters included in the four indices are presented in
table 3.

TABLE 3

Water-quality indices in the United Kingdom

General water Poialile water Agquatic toxicity Poiable sopidity
queatity i suppty index index index
Dissolved oxygen Dissotved oxygen Dissolved copper Total copper
Ammoniacal nitrogen Ammeniacal nitrogen Total zinc Total zinc
Biochemical oxygen Biochemical oxygen Dissolved cadmivm Total cadmium
demand demand Dissoived lead Total lead
Suspended solids Suspended solids Dissolved chromium Totai chromium
Nitrates Nitrates Total arsenic Total arsenic
pH pH Total mercury Total mercury
Temperature Temperature Total cyanide Total cyanide
Chlerides Chlorides Phenols - Phenols
Total coliforms Total coliforms Toial hydrocarbons
Sulphates Polyeyclic aromatic
Fluorides hydrocarbons
Colour Total pesticides

Dissolved iron

Various systems have been developed in the UN/ECE
region to assess the usability of water for a number of
designated uses, such as drinking-water supply, recrea-
tion, fishery and imrigation. Fer example, in Finland and
Norway water-quality classification systems should:

(a) Be applicable to all types of surface waters;

(b) Allow assessments of the usability of surface
water resources for multi-purpose use;

(¢) Take into account water-quality criteria for dif-
ferent modes of water use and be based upon physical,
chemical, biological, and aesthetic parameters;

(d) Be flexible so as to be easily revised when new
information becomes available.

The selection of an appropriate reference base for as-
sessments of the usability of water for use categories
does not usually constitute a problem, as long as water-
quality criteria for these uses are available.

A particular problem is, however, the selection of the
reference base of the use category ‘‘aquatic life””. Water-
quality criteria for aguatic life, i.e., the irformation about
no-effect concentrations of individual chemical sub-
stances on .aquatic flora and fauna, are vsually applied in
this respect. However, such an approach has a number of
weaknesses. Firstly, it relies on the results of laboratory
tests, which may not be representative of field condi-
tions, to set no-effect levels for “*real-life”” biological
communities. Secondly, it may not be practicable to set
and monitor performance against requirements for more

than a few chemical parameiers; yet biological com-
munities respond to the sum total of their chemical
environment, which may be a complex mixture of
different substances. Thirdly, it may not be practi-
cable to monitor all waters at a frequency which will
guarantee the detection of all polluting events. How-
ever, many waters are affected by episodic pollution
and biological communities will respond to these
events.

Taking all these factors into account, attempts
have been made to develop and apply requirements
which relate directly to the nature and composition of
biological communities themselves rather than to any
surrogate chemical criteria. Propesals to this effect
have been developed recently.

For example, in the United Kingdom the ecolog:-
cal goality index (EQI), derived from RIVPACS, has
been elaborated. It serves as a basis for classifying
water bodies according to their capacity to maintain
and protect the integrity of aquatic ecosystems. The
EQI directly reflects the influence of water quality on
biological communities, and presents an opportunity
for setting ‘‘standards’ which would be relevant
across the whole country. The data collected during
the 1990 national biological survey of rivers is cur-
rently being evaluated to assess the extent to which
this system is capable of providing reliable and ro-
bust ecological **standards™ within a general ecosys-
tem classification scheme.
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Under this scheme, the highest class would apply to
those waters where essentially natural ecological condi-
tions prevail and which have not been fundamentally af-
fected by human activities. The lower classes would re-
flect the effects of differing degrees of poliution on
biological communities. It is recognized, however, that
in some cases the establishment of natural hiological
communities will be affected by factors other than water
quality, such as water engineering carried out (e.g.,
concrete-lined, canalized rivers). Work is under way to
improve the scheme.in this respect. It was also recog-
nized that a separate use category was needed to take
into account specific requirements of water bodies or
parts thereof which were given a special protection
status for nature conservation reasons.

HI. WATER-QUALITY OBJECTIVES

‘Water-quality objectives aim at ensuring the multi-
purpose use of fresh water, i.e., its use for drinking-water
supply, livestock watering, irrigation, fisheries, recrea-
tion or other purposes, while supporting and maintaining
aquatic life and/or the functioning of aquatic ecosystems.
They are being developed in UN/ECE counies by water
authorities in cooperation with other relevant institutions
to set threshold values in water quality to be maintained
or achieved within a certain time period. Water-quality
objectives provide the basis for pollution control regula-
tions and for undertaking specific measures for the pre-
vention, control or reduction of water pollution and other
adverse impacts on aquatic ecosystems.

A major advantage of the water-quality objectives ap-
proach is that it focuses on solving problems caused by
conflicts between the various demands placed on waters,
particularly in relation to their ability to assimilate polu-
tion. The water-quality objectives approach is sensitive
not just to the effects of an individual discharge, but to
the combined effects of the whole range of different dis-
charges into a water body. It enables an overall limit on
levels of contaminants to be set according to the required
uses of the water body.

It is generally recognized that water-quality objec-
tives, the setting of emission limits on the basis of best
available technology, and the use of best environmental
practice are imtegral instruments of prevention, control
and reduction of pollution in inland surface waters. Pri-
ority is given to the reduction of pollution and the con-
servation of waters in their natural state and the restora-
tion of water quality taking into account the necessary
water uses. In addition to an improvement of water qual-
ity, water bodies, their banks and related terrestrial eco-
sysiems have to be restored or maintained in a state
which allows the development of a sound diversity of
species in ecosystems that are as undisturbed as possible.

In most cases, water-quality objectives serve as a sup-

plementary means of pellution prevention, control and-

reduction as well as a supplementary means for assess-
ing whether or not a sound diversity of species may de-
velop in aguatic ecosystems.

For example, if emission limits are set in a given
water body on the basis of best available technology,
toxic effects on aquatic communities may nevertheless

occur under certain conditions andfor other sensitive
water uses, such as drinking-water use, may be adversely
affected. Water pollution is also caused by inputs of sub-
stances from diffuse sources, such as agriculiural areas.

Waier-quality objectives may therefore be used as an
instrument to evaluate whether additional efforts are
needed in water protection exceeding the requirement of
using emission limits for point sources on the basis of
best available technology and best environmental prac-
tice for non-point sources.

Experience gained in some countries suggests that
catchment planaing plays an essential role in setting
water-guality objectives. It provides the context in which
the demands of all water users can be balanced against
water-quality requirements. Catchment planning also
provides the mechanism for assessing and controlling the
overall loading of pollutants within whole iver catch-
ments and, consequently, into the sea, irrespective of the
uses to which those waters are put. The need for ““catch-
ment accountability’” is becoming increasingly impor-

“tant in order to ensure that both national and interna-

tional requirements to reduce pollutant loadings are
properly planned and achieved.

A.  Approaches to the elaboration and setting of
water-quality objectives

Water-quality criteria serve as a baseline in establish-
ing water-quality objectives in conjunction with infor-
mation on water uses and site-specific factors.

Ir: order to arrive at water-quality objectives, informa-
tion is gathered, irter alia, on the basis of!

(a) Inventomies of current and potential new water
uses;

(b) Inventories of emission sources including point
and non-point sources, and of sites of production, use,
storage and disposal of hazardous substances which
could accidentally be emitted into aquatic ecosystems;

(¢) Results of water-quality monitoring and/or
water-quality assessments and classifications;

{d) Surveys of specially protected waters such as
drinking-water reservoirs and groundwater, and specially
protected areas such as wetlands;

(e) Results of hydrological measurements and re-
tated information (e.g., Tun-off, hydranlic characteristics
of water bodies).

Comprehensive catchment inventories have been car-
ried out in a number of UN/ECE countries in order to as-
certain where hazardous substances and/or products con-
taining them are rnanufactured, used, stored or disposed
of. Surveys have also covered direct discharges into
water bodies from indusirial sites, direct discharges into
sewer systems, sea outfalls and tidal waters, as well as
emission sources of nutrients and air-borne pollutants. In
some UN/ECE couniries, such surveys have been con-
ducted in response to significant pollution accidents and
in designing water protection zones. Such inventories
and surveys constituie an important past of the develop-
ment of water-quality objectives and of setting time

‘schedules for artaining them.
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The elaboration of water-quality objectives necessar-
ily involves an analysis of the technical, financial and
other implications associated with the desired improve-
ments in water quality to determine the final strategy.
Available technical means to prevent, control and reduce
the emission of substances into the aquatic environment
{e.g., best available technology for pollution control)
have a direct bearing on the elaboration of water-quality
objectives indicating the technical feasibility of anaining
the thresheld values set in the objectives. Economic fac-
tors are alse taken into account as the attaimment of a
certain objective may require the allocation of consider-
able financial resources. The attainment of a certain ob-
jective may also have an impact on investment, employ-
ment and, inevitably, on prices paid by consumers.

The existing water quality, urgency of control meas-
pres and prevailing economic and social conditions
largely influence the establishment of a time schedule
for attaining water-quality objectives. In some couatries,
a step-by-step approach is applied. Today, targets to im-
prove water quality are usually set at two levels. One
level represents the vitimate goal at which no adverse ef-
fects on the' considered human water uses would occur
and functions of the aquatic ecosystems would be main-
tained andfor protected. This level comresponds in most
countries with the most stringent water-quality criterion
among all of the considered water uses, with some modi-
fications to account for specific site conditions. A second
level is also being defined that should be reached within
a fixed period of time. This level is & result of a balance
between what is desirable from an environmental point
of view and what is feasible from an economic and tech-
nical point of view. This second level fits in a step-by-
step approach that finally leads 1o the first level. Addi-
tionally, some countries recommend a phased approach,
which starts with rivers and catchments of sensitive wa-
ters and is progressively extended to other water bodies
in a second phase.

In many countries, water-quality objectives are sub-
ject to regular revisions in order to adjust them, inter
alia, to the potential of pollution reduction offered by
new technologies, new scientific knowledge on water-
quality criteria and changes in water use.

Current approaches to the elaboration and seiting of
water-quality objectives differ between UN/ECE coun-
tries. These approaches may be broadly grouped as fol-
lows:

(a) Establishment of water-quality objectives for in-
dividual water bodies;

(b) Establishment of general water-quality objectives
for all water bodies in a country;

(c) Establishment of water-quality objectives on the
basis of water-quality classification schemes;

(dy Setting water-quality objectives for transbound-
ary waters.

1. Water-quality objectives for individual waters

This approach of establishing water-quality objectives
takes into account site-specific characteristics of a given
water body. It is being applied for instance in North
America in the Great Lakes and in some river basins in
Europe.

Its application requires the identification of all current
and reasonable potential water uses. Designated uses of
waters or ‘‘assets”’ to be protected may include: direct
extraction for drinking-water supply; extraction into im-
poundment prior to drinking-water supply, imrigation of
crops, watering of livestock, bathing and water-sports,
arnenities, fish and other aquatic organisms.

Generally a limited number of existing water-quality
criteria are selected as water-quality objectives for a
given water body. The water-quality objectives fre-
quently foliow the most stringent criterion among water-
quality criteria for individual water uses.

In adopting water-quality objectives for a given water
body, site-specific physical, chemical, hydrological and
biological conditions are taken into consideration. Such
conditions may be related io the overall chemical com-
position {(hardness, pH, dissolved oxygen), physical
characteristics (turbidity, temperature, mixing regime),
type of aquatic species and biological comrpunity struc-
ture, and natural concentrations of certain substances
(e.g., metals or nutrients).

These site-specific factors may affect the exposure of
aguatic organisms to some suhstances or the usability of
water for human consumption, livestock watering, irriga-
tion and recreation. For instance, many metals have
lower toxicity in hard water or in water containing other
complexing agents. The toxicity of many substances is
increased under conditions of low concentrations of dis-
solved oxygen or other conditions producing stress on
organisms. The nature of a discharge, for example
whether it is continuous or intermitient, may also have
an effect on the mixing regime and sedimentation pro-
cesses. The complexity of interaction of these factors re-
quires a case-by-case study of individual water bodies
and vast experience, among others, in the field of aqua-
toxicology. Inventories of poliution sources and the re-
sults of waier-quality monitoring in the water body con-
cerned are also taken fully into consideration. ‘

Water-quality objectives for watercourses may also
take into account quality requirements of downstream
lakes and reservoirs. For example, water-quality objec-
tives for natrient concentration in tributaries of the Great
Lakes consider the quality requirements both of the
given watercourse as well as of the lake system. Simi-
larly, requirements for the protection of the marine envi-
ronment, in particular of relatively small enclosed seas,
need 1o be taken into account in setting water-guality ob-
jectives for watercourses. This is the case, for instance,
of water-quakity objectives set for the Canadian rivers
flowing into the sea.

Basic principles of this approach are also used in Ger-
many. A concept was developed to establish water-
quality objectives for aquatic communities, fishery, sus-
pended partictilate matter/sediment, drinking-water sup-
ply, irrigation, and recreation. A working group in Ger-
many is currently reviewing its work by comparing
numetical values established according io that theoreti-
cal concept with the results of the monitoring of 18 toxic
and carcinogenic substances in surface waters. Once
water-quality objectives are established, they will be
used by authorities as a basis for water resources plan-
ning, However, such water-quality objectives will not be
considered as generally binding limit values. Authorities
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will have to decide case by case which water uses are to
be protected in a given water body and which water-
quality objectives are to be applied. Binding limit values
on water quality will only be established in the course of
the implementation of water management plans by com-
petent water management authorities. They will decide
upen the specific uses of a given water body which are
to be protected and the relevanmt water-quality objec-
tive 10 be used, taking into account the water nses H-
censed for that water body.

-

2. General water-quality objectives

In some European countries general water-quality ob-
jectives are set for all surface waters in a country, irre-
spective of site-specific conditions. There are several ap-
proaches to setting this type of objective. They may
represent a compromise after balancing water-quality re-
quirements posed by individual water uses and eco-
nomic, fechnoiogical and other means avatlable to meet
these requirements at a national level. Another approach
is that water-quality criteria established for the most sen-
sitive uses (e.g., drinking-water supply or aquatic life)
are selected as general water-quality objectives. In both
cases, a limited set of parameters is reviewed for the
eventual setting of water-quality objectives.

In certain circumstances the general water-quality ob-
jectives may, however, be adapted to particular condi-
tions in water bodies. For instance, when the concentra-
tion of a substance in a given water body is lower than
the concentration required by the general water-quality
objective, the current concentration of the substance in
question is taken as a water-quality objective for that
water body. A general water-guality objective may also
need to be adapted in cases where natural concentrations
of substances {for example, heavy metals) exceed the
relevant water-quality objectives. Expert judgement is
required in those cases in order to decide what kind of
adjustment to the water-quality objectives, if any, would
be needed.

This approach is used, for example, in the Nether-
lands. Two sets of general quality objectives are defined
for a large number of toxic substances: target and limit
values. These are established as follows:

{(a) The target values represent the environmental
quality level at which risk is considered negligible. This
may be risk to ecosystems, functional properties of the
aquatic compariment and other compartments. Target
values indicate the ultimate goal (for envirenmental
quality) to be achieved. They steer source-oriented pol-
icy and provide an impetus for the reduction of environ-
mental pollution from point and diffuse sources. Target
values for “‘man-made’”’ substances are based on a negli-
gible risk level, by taking for the respective substance
the most stringent water-quality criterion among all
water uses (i.e., the NRL value). They can alsc be used
to judge whether new ‘‘man-made’’ substances should
be allowed on the market. Target values for naturally
oceurting metals are set at the jevel of background levels
in relatively uncontaminated areas. If target values do
not provide sufficient protection, especially in sensitive
areas, a particular environmental quality objective for
that area is defined.

(b} The limit values are the result of a balance be-
tween what is destrable from an environmental point of
view and what is feasible from a technical or economic
point of view. Limit values are set at concentration lev-
els which are equal 10, or higher than, the target values
of substances derived on the basis of the risk-assessment
method. Limit values should be reached within a certain
period of time. Limit values defined in this way have a
policy-based component. In the Netherlands, these limit
values should be reached by the year 2000.

Examples of target and limit values established in the
Netherlands are presented in table 6.

3. Establishment of water-quality objectives on the
basis of water-quality classification schemes

Some UN/ECE countries have established water-
quality objectives for surface waters based on classifica-
tion schemes. Generally, before establishing those qual-
ity objectives, comprehensive water-quality surveys are
carried out.

In Norway, for example, the newly elaborated water-
quality classification system forms the basis for estab-
lishing water-guality objectives for its rivers, lakes and
fjords. The national strategy plan sets these objectives
first for water bodies where emissions from poeint
sources are the major concern. The long-term goal is to
ensure that all water bodies attain class I water quality,
i.e., the highest water-quality class.

In Sweden, the long-term national water-quality ob-
jective suggested by the Environment Protection Agency
also foresees the attainment of class I of the national
water classification system for all Swedish inland wa-
ters. According to this objective the phosphorus concen-
tration in water bodies should not exceed the natural
background phosphorus load by a factor of two. Simi-
larly, maximum concentrations of heavy metals in water
and sediment should not exceed the natural background
load by a factor of three and six, respectively. Water-

- quality objectives for individual water bodies are now

being elaborated, taking into account the specific condi-
tions of each water body.

In the United Kingdom, the Water Resources Act of
1991 enables the Govemnment to prescribe a sysiem for
classifying the quality of controlled waters according to
specified requirements. These requirements specified in
relation to any classification consist of one or more of
the following: '

(¢) General requirements as to the purpeses for
which the waters 10 which the classification is applied
are to be suitable;

(b) Specific requirements as to the substances that
are to be present in or absent from the water and as to the
concentrations of substances which are, or are required
to be, present in the water;

(c) Specific requirements as to other characteristics
of those waters.

Future regulations will describe whether such require-
ments should be satisfied by reference to particular sam-
pling procedures. Then, for the purpose of maintaining
or improving the quality of controlled waters the Gov-
ernment may, by serving a notice on the Nafional Rivers
Authority, establish with reference to one or more of the
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classifications to be described as above, the water qual-
ity objectives for any waters and the date by which the
objectives shall apply.

The purpose of the new system is to provide a firmer
framework for deciding the policy that governs the de-
termination of consent for discharges into each streich of
controlled waters and the means by which pollution
from diffuse sources can be dealt with. The system will
be extended to coastal waters, lakes and groundwater. It
will provide a basis for a requirement for sieady im-
provement in quality in those waters that are polluted.

The water-guality objectives to be established in legal
statute will:

(a) Define the streiches of water to which they ap-
piy;

(b) Identify one or more appropriate use categories,
and the corresponding quality standards;

{c) Incorporate the standards required by EC Coun-
cil Directives that are relevant to the streich of wager;

{d) Apply the quality standards relevamt to one of
the general classes of the classification scheme;

(e) Set dates by which each of the relevant sets of
standards is to be met.

4. Water-quality objectives for transboundary waters

There are only a few examples of transboundary wa-
ters-in the region for which water-quality objectives
have been established so far. Examples include the Great
Lakes and some transboundary rivers in North America
(St. Croix, St. John, St. Lawrence, River Poplar, River
Rainy, Red River of the North). In Europe, water-quality
objectives have been established for the River Rhine.
Water-quality objectives are being developed for some
other transboundary surface waters in Europe.

Tables 7 and 8 provide examples of water-quality ob-
jectives for the Great Lakes. Concentration levels are set
to protect the most sensitive user: i.e., the most stringent
criterion of all the water-quality criteria for individual
uses within the Great Lakes system has been chosen.
These water-quality objectives have been established un-
der the responsibility of the International Joint Commis-
sien according to the provisions of the 1978 Great Lakes
Water Quality Agreement. To undertake this task, a Bi-
national Objectives Development Committee was estab-
lished.

The International Joint Commission has also been in-
volved, directly or through consultations, in the develop-
ment of water-quality objectives for the above-
mentioned transboundary rivers in North America. The
procedure for developing water-quality objectives fol-
lows those adopted for national water bodies, as de-
scribed earlier in this section.

Water-quality objectives established for the River

Rhine are based on the four major elements of the Rhine

Action Programme aimed at:

{@) Improving the ecosystern of the river in such a
way that higher species which were once indigenous in
the Rhine will return; :

(b)) Guaranteeing the future production of drinking
water from the Rhine;

TABLE 7

Water-quality objectives for the Great Lakes related o persistent
organic substances

Water-quality abjeciive

Water-guality purameter in parts per bitlion

Aldrine/dieldnin ....ee oo 0.001
Benzo{a)pyrene ....cioeeccecceenaee 0.01
Chlordane 0.06
DDT (total} 0.003
Endrin 0.002
Heptachlor (total) v cierrec 0.0n
Lindane 0.01
Methoxychlor ..o 0.04
PCP (pentachlorophenol} ....coeeee.” 0.4
DEHP (Di-2-ethylhexylphthalate) ... 0.6
PCBs {polychlorinated biphenyls)® | 0.001
Toxaphene 0.008
2,3,7.8-TCDD (a dioxine ccongv::n.er)b 0.00001

& Propased value.
b Current detection limit.

TABLE 8
Water-quality objectives for the Great Lakes related to metals

Waier-guality nbjective

Warer-guality parameter in parts per bitllion

Arsenic 50
Cadmium 0.2
Chromium 50
Copper 5

Lead® 10.0-25.0
Mercury 0.2
Selenium 10

Zinc 30

A Lower obiectives were set for Lake Superior and Lake Huron.

(¢) Reducing the pollution of the water by hazardous
substances to such a level thar sediment can be used on
land or dumped at sea without cansing harm;

(d) Protecting the North Sea against the negative ef-
fects of the Rhine water.

At present, water-quality objectives for the River
Rhine cover some 50 prionity substances, such as heavy
metals, organic micro-pollutants as well as ammonium
and phosphorus (tables 9 to 12) discharged from indus-
tries, municipalities or agriculture. The list of these sub-
stances was established on the basis of catchment inven-
tories of point and diffuse sources of discharges of
substances into the Rhine. The established water-quality
objectives should be complied with by the year 2000.

B. Water-quality objectives in the context of the
ecosystem approach in water management

The application of the ecosystemn approach in waier
management has led to the development of objectives for
safeguarding the functional integrity of aquatic ecosys-
tems. The functional integrity of aquatic ecosystemns is
characterized by a number of physical, chemical, hydro-
logical, and biclogical factors and their interaction.
Armong them, water quality plays a decisive role.

Ecosystem objectives attempt to describe a desired
condition for a given ecosysiem through a set of parame-



Water-quality criteria and ebjectives

TABLE 9

Water-quality objectives for the River Rhine related to organic substances

Water-gquality Water-guelity abjeciive
puramgeter inpgit Basis for elabararion™
Tetrachloremethane ..........coceieenen. 1.0 Drw+agl
Trichioromethane ... .....couvverenvare 0.6 aql.
Aldrin, Dietdrin, Endrin, Isodrin ...... 0.6001 (per subsiance) ag+terrL
Endosulfan . 0.003 agl.
Hexachlorobenzene ..ueiiccnisnnnnnns 0.0005 agl.
Hexachlorobutadien ............... 0.001 agL
PCB 28, 52, 101, 180, 138, 153 ........ 0.001 (per substance) agL
1-Chloro-4-nitro-Benzen .....cccoeeee 1.0 Drw
1-Chloro-2-nitro-Benzen ... v 1.0 Drw+agk.
Trichlorobenzene .......o.coceoeeicieeeene 01 agL
Pentachlorophenol Q001 ag+terrL.
Trichioroethen ... L0 Drw
Tetrachloroethen ....cococvvensnssercvcss 1.0 Drw
3. 4-Dichloroanmilin .....coeeiiieceeeee 0.1 aqlL
2-Chloroanilin 0.1 Drw+aql.
3-Chloroaniiin 0.1 Drw
4-Chloroaniiin 0.01 agL.
Parathion{-ethyl) .....cccoeeniimcencacas 0.0062 agk.
Parathion(-methyl) v 0.01 aqL
Benzene (.1 agl.
1, 1, I-Trichloroethane ... 1.0 Drw
1, 2-Dichloroathane ........ccecoceevviceee 1.0 aql
Azinphos-methyl ..o 0.001 aqL
Bentazon 0.1 Drw
Simazin 0.1 Dirwraql.
Atrazin 0.1 Drw+aql
Dichlorvos 0.001 aqlL
AT L0 1017011110 P 1.0 Drw
LS 1 [1) 7Y 116 R e—— 1.0 Drw
Tributyl tin-substances ...ocoooecveeeeae 0.001 ) agL.
Tripheny] 1in-Substances ...« 0.001 agk.
Trifiuralin 0.1 aql.
Fenthion 001 agL.

2 Water-quality objeclives have been set on the basis of water-quality criteria for drinking-water supply (Drw),
drinking-water supply and aguatic life (Drw-+aqL) and/or aguatic life (aqL), as well 25 on the basis of toxicity testing on
selecied species of aquatc and rerrestrial life (ag+ierL).

TabBLE 10

Water-quatity objectives for the River Rhine reiated to metals in suspended matter

Lualiiv ohifective”

Water-qualicy paranicter inmgtke
Cadmium 1.0
Chromiurn 100.0
Copper 50.0
Lead 100.0
Mercury 0.5
Nickel 50.0
Zinc 0.0

 Quality objeclives are mainly based on fimit values developed for spreading of sewage sludge on agricultural
areas. taking imo account, if available, information relaled 1o adverse impacts of sewage sludge on soil organisms. Ata
fater stage. quality objectives will be revised in order to protect also organisms living infon sediment 25 well 15 (o pro-
tect the marine ecosysiem. if sediment is to be disposed aof therain.
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TaBLE 11
Water-quality ohjectives for the River Rhine related to adsorbable organic
: halogen (AOX)
Water-guality Warer-gquality objective
parameter in pgif Basis for elaboration”
Adsorbable erganic halogen (AQX) ........ 30 . Drw

4 Water-quality objectives have been sel on the basis of water-guality eriteria for drinking-warer supply (Drw).

-

TABLE 12

Water-guality objectives for the River Rhine related to nutrients

Waorer-quality Waner-guality objective
parameier r pgi! Basis for elaboration”
Total phosphorus e eeeve e, 150 agL
AMMONIUTE-NITOBEN e crenrenins 200} agL.

2 Water-quality abjeclives have been ser on the basis of water-quality criteria for aquatic 1ife {aqL).

ters, taking into account the ecological characteristics
and uses of the water. Ecosystem objectives may specify
the level or condition of certain biological properties that
could serve as indicator of the overall condition or
“health” of the aquatic ecosystem. Ecosystem objec-
tives are used in combination with water-quality objec-
tives, and objectives relating 1o hydrological conditions.

Ecosystem objectives are expressed by a set of vari-
ous species, called the target variables. The target vari-
ables as a whole are usually a cross-section of the
aquatic ecosystem in order to provide a fairly representa-
tive picture of ecosystem: conditions, and include, for in-
stance:

(2} Species from all types of aquatic habitats;

() Species from the benthos, water column, water
surface and shores;

{c) Species from high and low parts of the food web;
(d) Plants and animals; '
(e) Sessile, migratory and non-migratory species.

Water-guality criteria for the maintenance of aguatic
life, drinking water and other uses provide an importaat
set of conditions necessary to atiain and maintain a water
quality that supports the functioral integrity of aguatic
ecosysterns. Consequently, the approach of using the
most stringent water-quality criteria as water-quality ob-
Jjectives generally covers water-quality requirements for
the health of the ecosystem.

In order to ensure, for example, the functional integ-
rity of Lake Ontario, specific ecosystems objectives
were developed to ensure that the waters of the lake sup-
port diverse, healthy, reproducing and self-sustaining
communities in dynamic equilibrium. Human health
considerations were also taken into account in this pro-
cess, as the lake should be usable for drinking water and
recreation, as well as for the safe human consumption of
fish and wildlife.

Determining whether the functioning integrity of the
ecosystern is achieved requires a set of measurable and

quantitative indicators. Extensive studies were under-
taken to select appropriate biological indicators that
would supplement conventional physical and chemical
parameters of water quality. Comprehensive criteria
were elaborated by the Aquatic Ecosystems Objectives
Committee {estabiished within the framework of the
1978 Great Lakes Water Quality Agreement) to judge
the suitability of candidate organisms to serve as indica-
tors of the quality of the ecosystem.

Based on these criteria, a number of indicator organ-
isms have been selected for the Great Lakes. For oligo-
trophic systems the lake trout (Salvelinus namaycush),
the top aquatic predator, and the amphipod Ponroporeia
hoyi, the major benthic macro-inveriebrate of a cold-
water community, were selected for Lake Superior. For
mesotrophic systems the walleye (Stizostedion vitreim),
having many characteristics in common with the lake
trout, has recently been chosen. The mayfly Hexagenia
limbata, with its requirements for ciean, well-
oxygenated sediment, was considered as representing a
diverse benthic community in those waters and was an
ideal complementary indicator to the walleye. Work is
under way to select mammalian, avian and reptilian spe-
cies as complementary indicators of the health of the
ecosysien.

The absence or presence of Atlantic salmon is used
as an indicator of the functional integrity of the Rhine
riverine ecosystem, including the quality of its water.
Other indicator species and groups of species are also
being observed. A method of ecological and biological
assessment (AMOEBA) was developed in the Nether-
lands where some 30 species were chosen as indicators
for the Rhine ecosystems. For each species the abun-
dance for the period 1900-1930 (a pragmatic selection of
an unaffected situation) was estimated and compared
with that of the present day, thus showing the deviation
from the quasi-natural sitnation. Other aquatic ecosys-
tems were characterized by choosing about 30 species
regarded as representative for that specific ecosystem.
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The approach followed by ithe United Kingdom for
setting water-quality objectives on the basis of classifi-
cation schemes also centains important elements for de-
fining and evaluating requirements on the protection and
maintenance of functions in aquatic ecosystems. Quality
objectives to attain this goal are incorporated in the sys-
temn as described above.

The Guidelines on the Ecosystem Approach in
Water Management, contained in Part One of the present
publication, summarize the current status of developing
ecosystem objectives and give, inter alia, practical guid-
ance for the application of such objectives.

C. Impiementation of, and monitoring compliance
with, water-quality objectives

Water-quality objettives are increasingly being used
in UN/ECE countries for the prevention, control and re-
duction of water poliution in addition to the protection
of different water uses identified for a given carchment
area. In some countries, water-quality objectives play
the tole of a regulatory instrument. Their application
may require, for instance, the appropriate strengthening
of emission standards and other measures for tightening
control over point and diffuse pollution sources. In other

TagLE 13

Reduction of phosphorus emissions in the catchment area
of River Lagen upstream Lake Mjosa (Norway)

Necessary reducrions (o reach quality (logs;

fronres total Piyear}

Present discharge

{fiomncs iotal Pivearf Class |

Clasz il

Cluss I Ciass IV

15.7 86

14 no reduction

countries, water-quality objectives serve as planning in-
straments and/or as the basis for the establishment of
priorities in reducing pollution levels by substances
andfor by sources. In all cases, the implementation of
water-quality objectives, in particular those set for haz-
ardous substances, requires both the use of the best
available technology and measures to substantially re-
duce or phase out the use of hazardous substances in in-
dustry, commerce and agriculture.

The objectives are accompanied by a time schedule
for compliance, taking into account the time necessary
to implement control and reduction measures. Usnally,
in UN/ECE countries, a two-step approach is applied for
achieving compliance with water-quality objectives. The
urgency of comrol measures, for example, has a direct
bearing on the time schedule for reaching water-quality
objectives of specific hazardous substances. For in-
stance, the tmmediate substantial reduction of emissions
of three organic substances {(carbon tetrachloride, DDT
and pentachlorophenol) was prescribed by the EC Coun-
cil Directive 86/1280/EEC of 12 June 1986 on Limit Val-
ues and Quality Objectives for Discharges of Certain
Dangerous Substances Included in List I of the Annex to
Directive 76/464/EEC. Water-quality objectives for
these substances had to be complied with from 1 January
1988.

As regards other hazardous substances, a time period
of five to ten years has been set in some countries {e.g.,
Norway, Sweden) to attain water-quality objectives by
substantially reducing emissions from point sources.
Some countries, notably those participating in the Rhine
Action Programime, have chosen the year 2000 as the
deadline for attaining water-quality objectives.

Phasing out the use of certain substances, reducing
nutrients discharge and changing agricultural practices
accordingly usually require a longer time period; and
compliance with relevant water-quality objectives takes
this fact into consideration.

Pending the adoption of water-quality objectives, the
riparian countries that border the River Rhine agreed, in

any event, at the very beginning of the Rhine Action
Programme on a preliminary 50 per cent reduction of
emissions from 1985 1o 1995. In the catchment area of
River Lagen upstream Lake Mjosa (Norway), for exam-
ple, reductions of phosphorus emissions according to ta-
ble 13 should be implemented in order to subsequently
improve water quality therein from classes IV io L.

In some countries, water-quality objectives are sub-
ject to revision in order to adjust them, inter alia, to the
potentiai of pollution reduction offered by new technol-
ogy, new scientific knowledge on water-quality criteria
and changes in water use. Practical experience suggests,
however, that dischargers are entitled to at least some
period of stability before being requested to review their
practices on the basis of newly ciaborated water-quality
objectives.

In the United Kingdom, for example, the 1991 Warer
Act allows for the revision of water-quality objectives.
However, such a review can only take place at intervals
of at least five years or if the National Rivers Authority
requests such a review after consultation with water
users and other bodies that it considers appropriate.

Based on water-quality objectives, water-mana-
gement strategies and action plans which are both tech-
nically and economically feasible and cover both point
and non-point pollution sources are being developed in a
number of countries and for transboundary waters, an
example being the Rhine Action Programme. In some
cases, it was necessary to combine management strate-
gies based on water-quaiity criteria and objectives with
strategies based on the emission approach. Measures
taken according to these action plans include, inter alig:

(@) Making emission inventories and catchment in-
ventories in order to ascertain where substances that are
hazardous or otherwise likely to adversely affect water
uses and aquatic ecosysiems are manufactured, used,
swored, disposed of or discharged into inland waters;

(b) Phasing out or prohibiting the use of hazardous
substances which pose a particular risk to sensitive or
specially protectad waters.
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Adaptation of monitoring programmes and surveil-

lance systems as well as laboratory practices are neces-
sary in the implementation of water-quality objectives.
Two problems deserve special rmention: the detection
limit of laboratory equipment, and agreement on 4 cri-
terion for the attainment of water-quality objectives.

Experience in many countries shows that laboratory
techniques should have a detection limit of preferably
ane order of magnitude lower than the water-quality ob-
jective for the substance in guestion. In the case of haz-
ardous substances, this may require sophisticated labora-
tory equipment and specially trained personnet and may
lead to high costs in laboratory analyses.

Usually, regular laboratory anaiyses are carried out

for hazardous substances included in the national lists of .

priority substances. For a number of other substances,
screening is carried out in order 1o decide on relevant
measures to be taken on a case-by-case basis. Activities
are under way to study these implications of the water-
quality objectives approach for monitoring and labora-
tory practices and to develop, for example, proposals for
the selection of substances subject to regular and spo-
radic laboratory analyses and/or screening.

Several measures for assessing whether a water-
quality objective is attained are used in UN/ECE
countries. Usually, water-quality criteria used as a ba-
sis for elaborating water-quality objectives already
have a built-in margir of safety so that, for the most
part, a certain number of monitoring data that exceed
the established water-quality objective do forewarn of
a certain risk, but need not require immediate action.
In most cases, this advance warning ensures that ac-
tion can be taken before real damage occurs.

As regards hazardous substances, for example,
some countries consider that the water-quality objec-

- tive is aftained if at ieast 90% of all data measured

(within a period of three years, for instance) comply
with the water-quality objective, or if the mean value
of the concentration of the substance is less than or
equal 10 half the concentration value of the water-

- quality objective. Another approach requires the use

of the mean concentration of a substance as an evalu-
ation criterion. This approach is followed, for exam-
ple, by the above-mentioned EC Council Directive
86/280/EEC. For nutrients (nitrogen and phosphorus),
the median is taken in some countries as a criterion
for assessing the attainment of water-quality objec-
tives. ’



