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Science at the Environment Agency

Science underpins the work of the Environment Agency by providing an up-to-date
understanding of the world about us and helping us to develop monitoring tools and
techniques to manage our environment as efficiently as possible.

The work of our Science Group is a key ingredient in the partnership between
research, policy and operations that enables us to protect and restore our
environment.

The Environment Agency’s Science Group focuses on five main areas of activity:

• Setting the agenda: To identify our strategic science needs to inform our
advisory and regulatory roles.

• Sponsoring science: To fund people and projects in response to the needs
identified by the agenda setting.

• Managing science: To ensure that each project we fund is fit for purpose and
that it is executed according to international scientific standards.

• Carrying out science: To undertake the research ourselves by those best
placed to do it – either by our in-house scientists or by contracting it out to
universities, research institutes or consultancies.

• Providing advice: To ensure that the knowledge, tools and techniques
generated by the science programme are taken up by relevant decision-makers,
policy makers and operational staff.

Steve Killeen Head of Science
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Use of this report

The development of UK-wide classification methods and environmental standards that
aim to meet the requirements of the Water Framework Directive (WFD) is being
sponsored by the UK Technical Advisory Group (UKTAG) for WFD on behalf of its
members and partners.

This technical document has been developed through a collaborative project, managed
and facilitated by the Scotland & Northern Ireland Forum for Environmental Research
(SNIFFER), the Environment Agency and the Scottish Environment Protection Agency
(SEPA) and has involved members and partners of UKTAG. It provides background
information to support the ongoing development of the standards and classification
methods.

Whilst this document is considered to represent the best available scientific information
and expert opinion available at the stage of completion of the report, it does not
necessarily represent the final or policy positions of UKTAG or any of its partner
agencies.
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Executive Summary

The UK Technical Advisory Group (UKTAG) has commissioned a programme of
work to derive Environmental Quality Standards (EQSs) for substances falling
under Annex VIII of the Water Framework Directive (WFD). This report proposes
predicted no-effect concentrations (PNECs) for chromium using the methodology
described in Annex V of the Directive. There are existing EQSs for chromium, but
the method used to derive these is not considered to comply with the requirements
of Annex V and so is unsuitable for deriving Annex VIII EQSs.

The PNECs described in this report are based on a technical assessment of the
available ecotoxicity data for chromium, along with any data that relate impacts
under field conditions to exposure concentrations. An EU Risk Assessment Report
(RAR) has been compiled for chromium. Toxicity data taken from the EU RAR were
not subjected to additional quality assessment. This is because they had already
been assessed by the authors of the risk assessment and by an international
advisory forum of experts from EU Member States.

The recommendations described in this report were submitted to an independent peer
review group advising on Annex VIII EQSs. The UK is committed to the use of PNECs
derived through the EU risk assessment process as the basis for Water Framework
Directive Annex X EQSs. Consequently, this report recommends available RAR
PNECs as the corresponding proposed Annex VIII EQSs.

Where possible, PNECs have been derived for freshwater and saltwater
environments, and for long-term/continuous exposure and short-term/transient
exposure. If they were to be adopted as EQSs, the long-term PNEC would normally
be expressed as an annual average concentration and the short-term PNEC as a
95th percentile concentration.

The feasibility of implementing these PNECs as EQSs has not been considered at
this stage. However, this would be an essential step before a regulatory EQS can
be recommended.

Properties and fate in water
Chromium occurs naturally but also enters the environment through emissions from
the metallurgy and metal-finishing industries and from its use as a chemical
intermediate.

In surface waters, chromium exists in two oxidation states, 3+ (III) and 6+ (VI), but
the more thermodynamically stable state is Cr(VI). Almost all the Cr(VI) in the
environment arises from human activities. Conversion from Cr(VI) into Cr(III) can be
slow, depending on the prevailing conditions that can stabilise Cr(III).

Chromium readily sorbs to sediments, though the high water solubility of Cr(VI)
limits the extent to which this occurs. Chromium(III) is less toxic than Cr(VI) and its
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low solubility in water limits its bioavailability. PNECs for Cr(VI) and Cr(III) are
considered separately.

Availability of data
Substantial short-term (st) and long-term (lt) ecotoxicological datasets are available
that describe the effects of Cr(III) and Cr(VI) compounds for a wide variety of
organisms (freshwater and marine fish, invertebrates, algae, plants, amphibians).
Saltwater data are available only for Cr(VI) compounds from studies with algae,
crustaceans, fish and echinoderms. There are few reliable ecotoxicological data for
saltwater organisms exposed to Cr(III).

Derivation of PNECs
The EU RAR adopted a total risk approach as almost all hexavalent chromium
[Cr(VI)] in the environment is of anthropogenic origin and natural background levels
of Cr(VI) are, therefore, negligible.

Because of the low solubility and hence reduced bioavailability of Cr(III) species,
there would seem to be little requirement for thresholds for Cr(III). However, if such
standards were needed, the added risk approach could be recommended to take
account of spatial differences in natural chromium background levels if the
background concentrations were significantly lower than those of the derived
PNEC. Sufficient data are available to permit the derivation of freshwater PNECs
for Cr(III), but there are insufficient data to derive saltwater PNECs.

Long-term studies with freshwater invertebrates do not show any clear dependence
of Cr(VI) toxicity on the properties of the water. Although relationships between
hardness and toxicity have been described for divalent metal cations, the fact that
the chromium species here are oxoanions means that their toxicity may be less
influenced by water properties. Detailed relationships between the behaviour of
chromium and environmental factors were not developed in the EU RAR and we
agree that the data do not warrant normalisation of chromium toxicity for water
quality parameters.

Chromium(VI)

Long-term PNEC for freshwaters
There are sufficient long-term data to construct a species sensitivity distribution
(SSD) and to estimate a threshold based on the lower 5th percentile from the model
fitted to the ranked no observable effect concentration (NOEC) data (the HC5).
Indeed, this is the basis of the PNECfreshwater_lt recommended in the EU RAR. In
accordance with the Annex V methodology, an assessment factor of 3 is applied to
the HC5 to reflect the substantial taxonomic spread in the available dataset and the
fact that there was considered to be a reasonable fit of the available data to the
model. The resulting PNECfreshwater_lt of 3.4 µg l-1 Cr(VI).

The external peer review group considering PNECs for consideration as Annex VIII
EQSs took issue with the last assertion and suggested that the data actually
reflected two distinct distributions. There was also a lack of consensus about the
validity of the SSD approach, even though it is an accepted approach for chemical
risk assessment and allowed under the Annex V methodology.
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A separate PNECfreshwater_lt can also be derived using the deterministic (critical
data/assessment factor) approach. This value is more stringent, being based on an
assessment factor of 10 applied to the lowest reliable NOEC of 4.7 µg l-1 for
reproduction of the cladoceran Ceriodaphnia dubia, i.e. a PNECfreshwater_lt of 0.47
µg l-1 Cr(VI). This is the lowest factor permitted under the Annex V approach for
laboratory data, even with a substantial dataset.

The existing EQSs for chromium are banded according to water hardness, with
values ranging between 5 and 50 µg l-1 as dissolved chromium for the protection of
‘sensitive taxa’. The PNECfreshwater_lt derived from the SSD is comparable with the
most stringent value from this range, but the PNECfreshwater_lt based on a
deterministic approach is at least 10 times more stringent.

Short-term PNEC for freshwaters
The lowest valid acute EC50 (20 µg l-1) is for immobilisation of the crustacean
Moina australiensis after 48-hour exposure. Similar effect concentrations were
evident from acute studies with other crustaceans, molluscs and annelids. A small
assessment factor is justified because:

• acute effects values of the most sensitive species are close to the lowest
chronic effects values (i.e. a low acute to chronic effects ratios);

• a broad range of taxonomic groups is represented by the acute dataset.

This results in a PNECfreshwater_st of 2 µg l-1 Cr(VI).

There is no existing short-term EQS for chromium.

Long-term PNEC for saltwaters
The lowest available NOEC of 4–6 µg l-1 in Mytilus edulis is unbounded (highest
concentration tested) and consequently unsuitable for PNEC derivation. The next
lowest value, a 2-week NOECmortality of 6 µg l-1 in Nereis arenaceodentata, was
regarded as valid for PNEC derivation in the EU RAR. Since reliable long-term data
are also available for five other taxa, an assessment factor of 10 can be justified,
leading to a PNECsaltwater_lt of 0.6 µg l-1 Cr(VI).

The existing EQS for the protection of marine organisms is 15 µg l-1 dissolved
chromium, based on a range of acute and chronic data to which no assessment
factor was applied. The proposed PNECsaltwater_lt is lower by a factor of ~30,
reflecting both the availability of new data and the assessment factor used.

Short-term PNEC for saltwaters
A 96-hour LC50 of 0.32 mg l-1 obtained with Callinectes sapidus is the basis for the
derivation of the PNECsaltwater_st. An assessment factor of 10 is considered adequate
to extrapolate to the PNEC because good quality data are available for algae,
crustaceans and echinoderms. Although acute data for saltwater fish are lacking,
chronic data indicate they are unlikely to be the most sensitive group. In addition,
the resulting PNEC will be in the range of the lowest NOECs obtained for species
with a short life-cycle such as algae and crustaceans. The proposed PNECsaltwater_st
of 32 µg l-1 Cr(VI).
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There is no existing short-term EQS for chromium.

Chromium(III)
PNECs for Cr(III) were developed in the EU RAR but only for the protection of
freshwater organisms, due to a lack of saltwater toxicity data. There are no existing
EQSs specifically for Cr(III).

Long-term PNEC for freshwaters
The lowest reliable chronic NOEC values are 0.05 mg l-1 for rainbow trout
(Oncorhynchus mykiss) and 0.047 mg l-1 for Daphnia magna from studies using soft
water. Long-term toxicity data are available for representatives of at least three
different taxonomic groups, permitting the use of an assessment factor of 10.
Applying this factor to the lowest available NOEC gives a PNECfreshwater_lt of 4.7
µg l-1 Cr(III).

Short-term PNEC for freshwaters
Based on the available toxicity data for Cr(III), algae are the most sensitive
organisms. The lowest EC50 of 0.32 mg l-1 is reported for Selenastrum
capricornutum biomass gain over 96 hours. For invertebrates, the lowest L(E)C50
values are in the range of 1–15 mg l-1 and, for fish, the lowest acute LC50 is 3.33
mg l-1. Given the availability of data for a number of taxa, an assessment factor of
10 applied to the EC50 of 0.32 mg l-1 for Selenastrum capricornutum is
recommended, resulting in a PNECfreshwater_st of 32 µg l-1 Cr(III).

PNEC for secondary poisoning
There are avian and mammalian toxicity data for Cr(VI) but not Cr(III). Although
there is evidence of bioaccumulation of chromium, in fish and possibly other biota,
Cr(VI) is reduced to Cr(III). It is not possible to derive a PNECsecpois for Cr(III) as
there are no mammalian or avian toxicity data for this form.

PNEC for sediment
There are insufficient sediment toxicity data to derive a sediment PNEC for
chromium.

Summary of proposed PNECs

Receiving
medium/exposure scenario

Proposed PNEC
(µg l-1 dissolved)

Existing EQS (µg l-1 total
dissolved chromium)

Chromium(VI)
Freshwater/long-term 0.47 (det), 3.4 (SSD) Range from 5–50,

depending on hardness
Freshwater/short-term 2 No standard
Saltwater/long-term 0.6 15
Saltwater/short-term 32 No standard
Chromium(III)
Freshwater/long-term 4.7 -
Freshwater/short-term 32 -
Saltwater/long-term No proposal -
Saltwater/short-term No proposal -

HPhillips
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Analysis
The lowest proposed PNEC derived for chromium is 0.47 µg l-1. Current analytical
methodologies provide detection limits as low as 1 µg l-1. Since the data quality
requirements are that, at a third of the EQS, total error of measurement should not
exceed 50 per cent, they may not offer adequate performance to analyse for the
lowest TGD-derived PNECs for water.

Implementation issues
Before PNECs for chromium can be adopted as EQSs, it will be necessary to
address the following issues:

Chromium(VI)
1. The proposed PNECs for the protection of freshwater organisms from long-term

exposure to Cr(VI) are suitable for adoption as EQSs. However, risks from
Cr(VI) are greater than from Cr(III) and should, therefore, take priority.

2. The PNEC derived using the SSD approach is preferred over the PNEC
obtained by application of an assessment factor to critical data. While the use of
an SSD is a legitimate option within the Annex V methodology, this approach
was not unanimously supported by the EQS peer review panel.

3. Analytical sensitivity may not be adequate for assessing compliance with the
PNECs for Cr(VI). Further method development may, therefore, be necessary
before PNECs can be adopted as EQSs.

4. Existing EQSs are recommended as interim standards while this work is being
undertaken.

Chromium(III)
1. Risks from Cr(III) are small so any EQSs may be required only in exceptional

circumstances.

2. Because background levels of Cr(III) are low, an added risk approach may be
recommended. However, this would first require an appreciation of background
concentrations of Cr(III) at a defined range of scales.

3. Since there is no existing EQS, there can be no interim standard for Cr(III)
while this work is being undertaken.
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1. Introduction

The UK Technical Advisory Group (UKTAG) supporting the implementation of the Water
Framework Directive (2000/60/EC)1 is a partnership of UK environmental and
conservation agencies. It also includes partners from the Republic of Ireland. UKTAG
has commissioned a programme of work to derive Environmental Quality Standards
(EQSs) for substances falling under Annex VIII of the Water Framework Directive (WFD).
This report proposes predicted no-effect concentrations (PNECs) for chromium using the
methodology described in Annex V of the Directive. There are existing EQSs for
chromium, but the method used to derive these is not considered to comply with the
requirements of Annex V and so is unsuitable for deriving Annex VIII EQSs.

The PNECs described in this report are based on a technical assessment of the
available ecotoxicity data for chromium, along with any data that relate impacts under
field conditions to exposure concentrations. An EU Risk Assessment Report (RAR) has
been compiled for chromium [56]. Toxicity data taken from the EU RAR were not subjected
to additional quality assessment. This is because they had already been assessed by the
authors of the risk assessment and by an international advisory forum of experts from EU
Member States.

The recommendations described in this report were submitted to an independent peer review
group advising on Annex VIII EQSs. The UK is committed to the use of PNECs derived
through the EU risk assessment process as the basis for Water Framework Directive Annex
X EQSs. Consequently, this report recommends available RAR PNECs as the
corresponding proposed Annex VIII EQSs.

The feasibility of implementing these PNECs as EQSs has not been considered at this
stage. However, this would be an essential step before a regulatory EQS can be
recommended.

This report provides a data sheet for chromium(III) and chromium(VI).

1.1 Properties and fate in water

Chromium occurs naturally but also enters the environment through emissions from the
metallurgy and metal-finishing industries, and from its use as a chemical intermediate.

In surface waters, chromium exists in two oxidation states, 3+ (III) and 6+ (VI), but the
more thermodynamically stable state is Cr(VI). Almost all the Cr(VI) in the environment
arises from human activities. Conversion from Cr(VI) into Cr(III) can be slow, depending
on the prevailing conditions that can stabilise Cr(III). Chromium readily sorbs to
sediments, although the high water solubility of Cr(VI) limits the extent to which this
occurs. Chromium(III) is less toxic than Cr(VI) and its low solubility in water limits its
bioavailability.

                                                
1 Official Journal of the European Communities, L327, 1–72 (22/12/2000). Can be downloaded from
http://www.eu.int/comm/environment/water/water-framework/index_en.html
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PNECs for Cr(VI) and Cr(III) are considered separately.
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2. Results and observations

2.1 Identity of substance

Table 2.1 gives the chemical name and Chemical Abstracts Service (CAS) number for
the species of interest.

Table 2.1 Species covered by this report

Name CAS Number

Chromium metal 7440-47-3

2.2 PNECs proposed for derivation of quality standards

The EU Risk Assessment Report (RAR) on chromates [56] adopted a total risk approach
as almost all hexavalent chromium in the environment is of anthropogenic origin. The
natural background levels of Cr(VI) are therefore insignificant and negligible.

The PNECs proposed in this report as a basis for setting EQSs refer to the dissolved
fraction of the total (i.e. natural background plus anthropogenic addition) concentration.

Chromium(III) is considered to be less toxic than Cr(VI) and, under natural conditions,
hardly bioavailable due to the low solubility of the Cr(III) species. However, since Cr(VI)
is converted into Cr(III) under some conditions, the possible effects of Cr(III) may also be
taken into consideration.

The bioavailability, and hence toxicity, of chromium(III) or chromium(VI) species may be
influenced by water quality parameters such as hardness, pH or salinity. Detailed
relationships between chromium properties and environmental factors were, however,
not developed in the EU RAR. In addition, the data available are not sufficient to allow for
a normalisation of chromium toxicity for water quality parameters.

Tables 2.2 and 2.3 list proposed PNECs for Cr(VI) and Cr(III), respectively, obtained
using the methodology described in the Technical Guidance Document (TGD) issued by
the European Chemicals Bureau (ECB) on risk assessment of chemical substances
[152], and existing EQSs obtained from the literature [184, 185].

Section 2.6 summarises the effects data identified from the literature for chromium. The
use of these data to derive the values given in Tables 2.2 and 2.3 is explained in
Sections 3 and 4.
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Table 2.2 PNEC/EQS proposals referring to Cr(VI) species (dissolved)

PNEC TDG deterministic
approach (AFs)

TGD probabilistic
approach (SSDs)

Existing EQS (as total dissolved
chromium)

Freshwater short-
term

2 µg l-1

(see Section 4.1.1)
- -

Freshwater long-
term

0.5 µg l-1

(see Section 4.1.1)
3.4 µg l-1

(see Section 4.2.1)
CaCO3 EQS 1 EQS 2
0-50 mg l-1 5 µg l-1 150 µg l-1

50-100 mg l-1 10 µg l-1 175 µg l-1

100-150 mg l-1 20 µg l-1 200 µg l-1

150-200 mg l-1 20 µg l-1 200 µg l-1

200-250 mg l-1 50 µg l-1 250 µg l-1

>250 mg l-1 50 µg l-1 250 µg l-1

(all as AA)*
Saltwater short-
term

32 µg l-1

(see Section 4.1.2)
- -

Saltwater long-
term

0.6 µg l-1

(see Section 4.1.2)
Derivation not
possible –
insufficient data
(see Section 4.2.2)

15 µg l-1 (AA)

Freshwater
sediment
(PNECaqua based
on AF method)

Derivation not
possible –
insufficient data

- -

Freshwater
sediment
(PNECaqua based
on SSD method)

Derivation not
possible –
insufficient data

- -

Saltwater
sediment
(PNECaqua based
on AF method)

Derivation not
possible –
insufficient data

- -

Freshwater
secondary
poisoning

5.7 mg/kg food
(see Section 4.5)

- -

Saltwater
secondary
poisoning

5.7 mg/kg food
(see Section 4.5)

- -

AA = annual average; AF = assessment factor; SSD = species sensitivity distribution
*In addition the EQSs were updated as follows (all as dissolved AA):

CaCO3 (mg l-1) Freshwater (µg l-1) Saltwater (µg l-1)

0–50 2 5
50–100 10
100–150 10
150–200 20
200–250 20
>250 20
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Table 2.3 PNEC/EQS proposals referring to Cr(III) species (dissolved)

PNEC TDG deterministic
approach (AFs)

TGD probabilistic
approach (SSDs)

Existing EQS (as total dissolved
chromium)

Freshwater short-
term

32 µg l-1

(see Section 4.1.1)
- -

Freshwater long-
term

4.7 µg l-1

(see Section 4.1.1)
Derivation not
possible –
insufficient data
(see Section 4.2.1)

CaCO3 EQS 1 EQS 2
0-50 mg l-1 5 µg l-1 150 µg l-1

50-100 mg l-1 10 µg l-1 175 µg l-1

100-150 mg l-1 20 µg l-1 200 µg l-1

150-200 mg l-1 20 µg l-1 200 µg l-1

200-250 mg l-1 50 µg l-1 250 µg l-1

>250 mg l-1 50 µg l-1 250 µg l-1

(all as AA)*
Saltwater short-
term

Derivation not
possible –
insufficient data
(see Section 4.1.2)

-

Saltwater long-
term

Derivation not
possible –
insufficient data
(see Section 4.1.2)

Derivation not
possible –
insufficient data
(see Section 4.2.2)

15 µg l-1 (AA)

Freshwater
sediment
(PNECaqua based
on AF method)

Derivation not
possible –
insufficient data
(see Section 4.4.1)

- -

Freshwater
sediment
(PNECaqua based
on SSD method)

Derivation not
possible –
insufficient data
(see Section 4.4.2)

- -

Saltwater
sediment
(PNECaqua based
on AF method)

Derivation not
possible –
insufficient data
(see Section 4.4.1)

- -

Freshwater
secondary
poisoning

Derivation not
possible –
insufficient data
(see Section 4.5)

- -

Saltwater
secondary
poisoning

Derivation not
possible –
insufficient data
(see Section 4.5)

- -

AA = annual average
AF = assessment factor
SSD = species sensitivity distribution
*In addition the EQSs were updated as follows (all as dissolved AA):

CaCO3 (mg l-1) Freshwater (µg l-1) Saltwater (µg l-1)

0–50 2 5
50–100 10
100–150 10
150–200 20
200–250 20
>250 20
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2.3 Hazard classification

Table 2.4 gives the R-phrases (Risk-phrases) and labelling for the species of interest.

Table 2.4 Hazard classification

CAS
Number

Chemical name Classification and R-phrases Reference

7440-47-3 Chromium metal This chemical substance is not classified in
the Annex I of Directive 67/548/EEC.

1333-82-0 Chromium trioxide O; R9–Carc. Cat. 1; R45–Muta. Cat. 2;
R46–Repr. Cat. 3; R62–T+; R26–T; R24/25-
48/23–C; R35–R42/43–N; R50-53

7775-11-3 Sodium chromate Carc. Cat. 2; R45–Muta. Cat. 2; R46–Repr.
Cat.2; R60-61–T+; R26–T; R25-48/23–Xn;
R21–C; R34–R42/43–N; R50-53

10588-01-9
7778-50-9

Sodium dichromate
Potassium dichromate

O; R8–Carc. Cat. 2; R45–Muta. Cat. 2;
R46–Repr. Cat. 2; R60-61–T+; R26–T;
R25-48/23–Xn; R21–C; R34–R42/43–N; 50-
53

[54]

2.4 Physical and chemical properties

Table 2.5 summarises the physical and chemical properties of the species of interest.

Table 2.5 Physical and chemical properties of chromium

Property Value Reference

Molecular formula Cr
Relative molecular
weight

51.996 [105]

Melting point (°C) 1,903 ± 10 [105]
Boiling point (°C) 2,642 [105]
Vapour pressure The metal is an involatile solid at normal temperatures
Water solubility (mg l-1) Insoluble [79]
Soil–water partition
coefficient (log Kp)

1.91 x 105 l kg-1 [43]

2.5 Environmental fate and partitioning

Table 2.6 summarises the information obtained from the literature on the environmental
fate and partitioning of chromium.
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Table 2.6 Environmental fate and partitioning of chromium

Property Value Reference

Abiotic fate The processes that control the environmental chemistry of
chromium include:

• the form it enters the environment;
• redox transformation;
• precipitation/dissolution;
• adsorption/desorption reactions.

Most of the chromium present in water will ultimately be
deposited in sediments. In the aquatic phase, chromium occurs
in the soluble state or adsorbed onto suspended particulate
matter.

Soluble Cr(VI) may persist in some bodies of water for a long
time, but will eventually be reduced to Cr(III) by organic matter
or other reducing agents in water.

The residence times of total chromium in lake water range from
4.6 to 18 years.

The kinetics of oxidation of Cr(III) to Cr(VI) are slow and, under
certain conditions, will not be significant in natural waters.

Chromium compounds do not volatilise from water.

[79]

[13]

[159]

[139]

[13]

[13, 79]

Speciation Chromium occurs in each of the oxidation states from –2 to +6,
with only the 0 (elemental), +2, +3 and +6 states common in
nature. Chromium(II) is unstable in most compounds as it is
easily oxidised by air to the trivalent form.

The thermodynamically stable state of chromium in water is
Cr(VI). However, the slowness with which this equilibrium is
attained and the influence of other substances and biological
processes in water can lead to the presence of significant
concentrations of the reduced for Cr(III) in most natural waters.

There are three principal processes that control the
concentration of Cr(III) in water:

• the oxidation of dissolved organic matter leading to the
reduction of Cr(VI) to Cr(III);

• microbial reduction of Cr(VI), which could still occur in
samples filtered to 0.4 µm, as it is accepted that a pore size
of 0.2 µm is required to remove bacteria;

• the stabilisation of the reduced species by organic ligands
in most natural waters.

The presence of oxidisable organic matter and the stabilising
role of complexing organic ligands are proposed as the main
controlling influences of redox speciation in filtered samples.

[13, 79]

[51]

[84, 170]

[63]
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Property Value Reference

Commonly occurring reductants such as ferrous iron and
organic material can transform Cr(VI) to Cr(III), but manganese
oxides are the only inorganic oxidants found in the environment
that cause rapid oxidation of Cr(III) to Cr(VI).

[13]

Hydrolytic stability Not applicable

Photostability Only potentially significant for chromium associated with
organic ligands

[84]

Distribution in
water/sediment
systems

Most of the chromium released into water will ultimately be
deposited in the sediment, with a very small percentage
present in the aqueous phase in both soluble and insoluble
forms. Most of the soluble chromium is present as Cr(VI) or as
soluble Cr(III) complexes.

The adsorption of Cr(III) and Cr(VI) is complicated by redox
changes that can occur. Chromium(VI) is the
thermodynamically stable species under highly oxidising
conditions, whereas Cr(III) predominates under reducing
conditions.

The adsorption of Cr(III) on suspended solids and sediment
increases as pH increases, in contrast to Cr(VI), the adsorption
of which decreases with increasing pH.

[13, 79]

[79]

[13, 79]

Fate in soil In most soils, chromium will be present predominantly in the
Cr(III) state. Chromium(III) in soil is mostly present as insoluble
carbonates and oxides, and will not be mobile in soil. The fate
of chromium in soil is greatly dependent upon the speciation of
chromium, which is a function of redox potential and the pH of
the soil.

[79]

Biotransformation Factors affecting the microbial reduction of Cr(VI) to Cr(III)
include biomass concentration, initial Cr(VI) concentration,
temperature, pH, carbon source, redox potential, and the
presence of both oxyanions and metal cations.

Although high levels of Cr(VI) are toxic to most microbes,
several resistant bacterial species have been identified.

[13]

[13]

Partition
coefficients

Sediment–water partition coefficient: Kp = 1.91 x 105 l kg-1. [43]

Bioaccumulation
BCF

Cr(VI) rainbow trout (Oncorhynchus mykiss) = 1.0

Chromium is not expected to biomagnify in the aquatic food
chain.

BCFs for Cr(III) in saltwater organisms range 86–153.
Cr(III) oyster = 116

Cr(III) soft-shell clam = 153

[13]

[13]

[159]

[158]
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Property Value Reference

Cr(III) blue mussel = 86

Cr(VI) range 125–236 for bivalve molluscs and polychaetes

Total Cr benthic organisms range = 86–192

Total Cr molluscs = 440

Total Cr benthic algae = 1,600

Total Cr phytoplankton = 2,300

Total Cr zooplankton = 1,900

[158]

[158]

[160]

[13]

[112]

[112]

[112]

The concentrations of chromium in rivers and freshwaters are usually between 1 and 10
µg l-1 (although levels in lakes in Scandinavia tend to be lower than this). In oceans, the
chromium concentrations are typically reported to be in the range 0.1–5 µg l-1 and
generally <1 µg l-1. Naturally occurring chromium is almost always present in the trivalent
state [56].

Almost all the hexavalent chromium in the environment arises from human activities. It is
derived from the industrial oxidation of mined chromium deposits and possibly from the
combustion of fossil fuels, wood, paper, etc. In this oxidation state, chromium is relatively
stable in air and pure water, but there is a large body of evidence indicating that Cr(VI)
can be reduced to Cr(III) under anaerobic conditions by both biotic and abiotic
processes. These include reaction with iron (II), sulfides, organic matter and anaerobic
micro-organisms. The reduction is generally favoured by increasing concentration of the
reductant and lower pH. Thus, the reduction of Cr(VI) would be expected to occur most
rapidly in acidic soils with high iron, sulfide or organic carbon contents. Under such
conditions, reduction of Cr(VI) to Cr(III) may be complete within a few hours.

Under aerobic conditions and at higher pH (around 7–8 and above), Cr(VI) appears to be
more stable to reduction than at lower pH under anaerobic conditions. Chromium(VI) in
surface water appears to be relatively stable under these conditions. The same is also
likely to be the case in aerobic sediments and soils, but here Cr(VI) is considered to be
relatively mobile. Consequently, it would be expected to migrate to the anaerobic layers
where reduction to Cr(III) could occur. Therefore, under aerobic conditions, the rate of
reduction of Cr(VI) to Cr(III) may be limited by the rate of transport of the chromium ion to
suitable environments for reduction to occur. Under less favourable conditions [e.g.
alkaline conditions (pH ~>8) and/or neutral conditions, where low concentrations of
reductants for Cr(VI) exist], the rate of reduction of Cr(VI) to Cr(III) is assumed to be slow,
with a half-life of around 1 year. Such conditions are found in seawater, where a pH of
around 8 is typical. The relationship between chromium speciation and pH is illustrated in
Figure 2.1.

There is an environmental cycle for chromium from rocks and soils to water, biota, air,
and back to the soil. However, a substantial amount (estimated at 6.7 x 106 kg per year)
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is diverted from this cycle by discharge into streams, and by runoff and dumping into the
sea. The ultimate repository is ocean sediment.

Figure 2.1 Relationship between chromium speciation and pH. NB These species
are for pe = 12.7 (i.e. oxygenated water) and for total chromium
concentration of 3e-8 M

2.5.1 Bioaccumulation
The estimation methods given in the Technical Guidance Document [152] for determining
bioconcentration or bioaccumulation factors for fish, earthworms and uptake in the food
chain are not applicable to chromium compounds. The following is a brief synopsis of the
conclusions of the EU RAR [56].

The uptake and accumulation of chromium by fish appears to be lower than for other
aquatic organisms. Bioconcentration factors (BCFs) of around 1 l kg-1 have been
determined for Cr(VI) using rainbow trout over 22–30 days exposure, with a value of 2.8
l kg-1 being reported in trout muscle for a longer exposure of 180 days [158, 180, 181].

Bioconcentration factor values of 18–90 for rainbow trout exposed for 2 years in a lake
polluted with chromates from cooling towers were reported by Janus and Krajnc [182] (as
quoted in Braunschweiler [183]).

For the EU RAR [56], a reliable value for the BCF in fish was needed. The available data
indicated that the BCF for Cr(VI) in fish is relatively low at around 1 l kg-1. Once in the
organism, reduction of Cr(VI) to Cr(III) appears to occur, resulting in an accumulation of
total chromium in the organisms to a factor of approximately 100 times the original
concentration in water. Uptake of Cr(III) directly from water is likely to be very low due to
the limited water solubility and strong adsorption to sediment under most conditions
found in the environment.
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Thus, the following BCFs were used in the RAR:

To estimate the concentration of Cr(VI) in fish:

[Cr(VI)]fish mg/kg = BCFCr(VI) = 1 l kg-1

[Cr(VI)]water mg l-1

To estimate the concentration of Cr(III) in fish resulting from uptake and subsequent
reduction of Cr(VI):

[Cr(III)]fish mg/kg = BCFCr(VI)–Cr(III) = 100 l kg-1

[Cr(VI)]water mg/kg

The uptake of chromium by other organisms appears to be higher than seen for fish,
although few if any of the experiments distinguish between Cr(VI) and Cr(III). Similar to
the situation for fish, it is possible that once taken up by the organism, Cr(VI) is reduced
to Cr(III) in the tissues, resulting in a build-up of Cr(III) and hence an overestimate for the
true BCF for Cr(VI). BCFs of up to around 9,100 l kg-1 (on a mussel dry weight basis) for
Cr(VI) and 2,800 l kg-1 (on a mussel dry weight basis) for Cr(III) have been determined in
mussels. In algae, BCFs of around 500 l kg-1 (on a cell dry weight basis) for Cr(VI) and
12,000–130,000 l kg-1 (on a cell dry weight basis) for Cr(III) have been determined.
Transfer of chromium via the alga⇒bivalve and sediment⇒bivalve food chains appears
to be relatively low.

2.6 Effects data and assessment

Data collation followed a tiered approach.

Critical data on freshwater and marine organisms were collected from the existing UK
EQS documents [184, 185] as well as from the EU RAR on chromium [56].

Further data published after derivation of the current UK EQS and the EU RAR were obtained
from:

• the US Environmental Protection Agency (US EPA) ECOTOX database;2

• Hazardous Substances Data Bank (HSDB®) database of the US National Library of
Medicine[79];

• the US EPA Integrated Risk Information System (IRIS);3

• Web of Science®.4

The EU RAR covers the substances listed in Table 2.7.

                                                
2 http://www.epa.gov/ecotox/
3 http://www.epa.gov/iris/index.html
4 http://scientific.thomson.com/products/wos/
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Table 2.7 Chromium compounds covered by the EU RAR

CAS Number Chemical name

1333-82-0 Chromium trioxide
7775-11-3 Sodium chromate
10588-01-9 Sodium dichromate
7789-09-5 Ammonium dichromate
7778-50-9 Potassium dichromate

Data published after the EU RAR and UK EQS were sought for the 13 chemicals listed in
Table 2.8.

Table 2.8 Chemicals for which further data were sought

CAS Number Chemical Name

7440-47-3 Chromium
1333-82-0 Chromium trioxide
13907-47-6 Chromate
7775-11-3 Sodium chromate
10588-01-9 Sodium dichromate
7789-00-6 Potassium chromate
7778-50-9 Potassium dichromate
10049-05-5 Chromous chloride
10025-73-7 Chromic chloride
13548-38-4 Nitric acid, Chromium(III) salt
12680-48-7 Sodium chromate
10101-53-8 Chromium(III) sulfate
7738-94-5 Chromic acid

Toxicity data and other information on the inherent properties of chromium taken from the
EU RAR were not subjected to additional quality assessment as these data had already
been assessed by the authors of the RAR and by the ‘Technical Meeting on Existing
Substances’, an international advisory forum of experts from EU Member States, industry,
and ‘green’ non-governmental organisations (NGOs). This body was set up to discuss and
advise on the risk assessments for existing substances conducted in accordance with
Commission Regulation (EC) No. 1488/94.

Validity criteria used in the EU RAR for the evaluation of studies are listed in Table 2.9.
Only studies rated ‘I’, ‘II’ or ‘IIIb’ have been used for PNEC derivation.

Data relevant for PNEC derivation, but originating from sources other than the RAR were
quality assessed in accordance with the so-called Klimisch Criteria (KC) [87]. The KC
has four categories (Table 2.10). Only studies/data assigned to categories 1 or 2 were
used for the assessment (see also Annex 1).
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Table 2.9 Validity criteria for aquatic toxicity tests used in the EU RAR

Validity
marking

Validity criteria

I The method is, or is very similar to, the current recommended test guidelines. The
test is well reported and most important experimental details are given.

II The method used in essentially similar or compatible with the current
recommended test guidelines. The test is well reported but there may be some
aspects of the test for which information is not given.

IIIa Insufficient data reported to make a judgement on the validity.
IIIb Some part of the method deviates significantly from what would normally be

expected in the current recommended test guidelines, making the significance of
the result difficult to interpret. Examples may be tests carried out at very high or
low temperatures, results where effects were seen but the statistical significance
is uncertain, or inappropriate concentrations tested.

IV Result is clearly invalid or not relevant.

Table 2.10 Klimisch Criteria

Code Category Description

1 Reliable without
restrictions

Refers to studies/data carried out or generated according to
internationally accepted testing-guidelines (preferably GLP*) or in
which the test parameters documented are based on a specific
(national) testing guideline (preferably GLP), or in which all
parameters described are closely related/comparable to a
guideline method.

2 Reliable with
restrictions

Studies or data (mostly not performed according to GLP) in which
the test parameters documented do not comply totally with the
specific testing guideline, but are sufficient to accept the data or in
which investigations are described that cannot be subsumed
under a testing guideline, but which are nevertheless well-
documented and scientifically acceptable.

3 Not reliable Studies/data in which there are interferences between the
measuring system and the test substance, or in which
organisms/test systems were used that are not relevant in relation
to exposure, or which were carried out or generated according to a
method which is not acceptable, the documentation of which is not
sufficient for an assessment and which is not convincing for an
expert assessment.

4 Not assignable Studies or data which do not give sufficient experimental details
and which are only listed in short abstracts or secondary literature.

* OECD Principles of Good Laboratory Practice (GLP). See:
http://www.oecd.org/department/0,2688,en_2649_34381_1_1_1_1_1,00.html

All relevant studies with regard to the aquatic toxicity of Cr(VI) compounds are listed in:

• Table 2.11: long-term toxicity data of freshwater species;
• Table 2.12: short-term toxicity data of freshwater species;
• Table 2.16: long-term data of saltwater species;
• Table 2.17: short-term toxicity data of saltwater species.



Science Report Proposed EQS for chromium26

Studies conducted with Cr(III) compounds and evaluated and considered relevant and
reliable in the EU RAR are listed in:

• Table 2.13: studies with fish;
• Table 2.14: invertebrates;
• Table 2.15: algae.

2.6.1 Toxicity to freshwater organisms
Short-term and long-term ecotoxicological data on the effects of trivalent and hexavalent
chromium compounds are available for a wide variety of:

• organisms – freshwater and marine fish, invertebrates, algae, plants, amphibians;
• life stages – juveniles, adults, fry, larvae, tadpoles, eggs, etc.;
• endpoints – LC50s, EC50s, no observed effect concentrations (NOECs), lowest

observed effect concentrations (LOECs) based on mortality, reproduction, hatching,
etc.;

• test conditions.

The results are expressed as the concentrations of Cr(III) or Cr(VI) for ease of
comparison between the trivalent or hexavalent compounds. In general, the majority of
ecotoxicological information is available for potassium dichromate because it is a
reference toxicant.

All relevant studies with regard to the aquatic toxicity of Cr(VI) compounds are listed in
Tables 2.11 (long-term toxicity data of freshwater species), 2.12 (acute data of freshwater
species). Studies conducted with Cr(III) compounds are listed in Tables 2.14 (studies with
fish), 2.15 (invertebrates) and 2.16 (algae).

Diagrammatic representations of the available freshwater data (cumulative distribution
functions) for Cr(VI) are presented in Figures 2.2 and 2.3 and, for Cr(III), in Figures 2.4
and 2.5. These diagrams include all data regardless of quality and provide an overview of
the spread of the available data. These diagrams are not species sensitivity distributions
and have not been used to set the chromium PNECs.
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Figure 2.2 Cumulative distribution function of freshwater long-term data (mg l-1)
for Cr(VI)

Figure 2.3 Cumulative distribution function of freshwater short-term data (mg l-1)
for Cr(VI)
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Figure 2.4 Cumulative distribution function of freshwater long-term data (mg l-1)
for Cr(III)

Figure 2.5 Cumulative distribution function of freshwater short-term data (mg l-1)
for Cr(III)
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Table 2.11 Most sensitive long-term aquatic toxicity data for freshwater organisms exposed to Cr(VI)

Test
substance

Scientific name Common
name

Taxonomic
group

Endpoint Effect Test
duration

Conc.
(mg l-1)

Exposure1 Toxicant
analysis2

Comments Reference/
Source3

Algae
Cr6+

(Na2CrO4)
Chlorella
pyrenoidosa

Green alga Algae NOEC Biomass 96 hours 0.100 s n [104]
EU RAR (II)

Cr6+

(Na2CrO4)
Chlorella sp. (wild) Green alga Algae NOEC Biomass 96 hours 0.100 s n [104]

EU RAR (II)
Cr6+

(K2Cr2O7)
Chlorella sp. Green alga Algae NOEC Nitrogen

content
44 hours 0.035 s stock

solution
only

25oC [61]
KC 3

Cr (K2CrO4) Glaucocystis
nostochinearum

Green alga Algae NOEC Carotenoids/
protein
content/
nitrase
reduction

7 days 0.010 s n 25oC [129]
KC 3

Cr6+

(K2Cr2O7)
Microcystis
aeruginosa

Blue-green
alga

Algae NOEC Growth rate
log phase

96 hours 0.350 s n 23oC [142]
EU RAR (II)

Cr6+

(Na2Cr2O7)
Microcystis
aeruginosa

Blue-green
alga

Algae NOEC Biomass 8 days 0.002 s n pH 7 [26]
EU RAR (IIIb)

Cr6+

(K2Cr2O7)
Microcystis
aeruginosa

Blue-green
alga

Algae EC50 Chlorophyll 7 days 0.211 pH 8.1–8.3 [73]
ECOTOX
database

Cr6+

(K2Cr2O7)
Scenedesmus
pannonicus

Green alga Algae NOEC Biomass
log phase

96 hours 0.110 s n 23oC [142]
EU RAR (II)

Cr6+

(K2Cr2O7)
Scenedesmus
subspicatus

Green alga Algae EC10 Biomass
log phase

72 hours 0.032 s n pH 8; 24oC [91]
EU RAR (I)

Cr6+

(K2Cr2O7)
Selenastrum
capricornutum

Green alga Algae EC10 Growth rate
log phase

72 hours 0.11 batch n pH 8; 25oC;
hardness 24 mg l-1

CaCO3

[114]
EU RAR (II)

Cr6+

(K2Cr2O7)
Selenastrum
capricornutum

Green alga Algae EC10 Growth rate
log phase

72 hours 0.01 batch n pH 8.1; 24–26oC [37, 38]
EU RAR (II)

Cr6+

(K2Cr2O7)
Selenastrum
capricornutum

Green alga Algae NOEC Biomass 72 hours 0.100 pH 7.3–10.1; 24oC [39]
ECOTOX
database

KC 4
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Test
substance

Scientific name Common
name

Taxonomic
group

Endpoint Effect Test
duration

Conc.
(mg l-1)

Exposure1 Toxicant
analysis2

Comments Reference/
Source3

Higher plants
Cr Hydrilla verticillata Hydrilla Macrophytes Biomass 21 days 0.050 s n pH 6.5; 25oC [141]

ECOTOX
database

KC 4
Cr6+

(K2Cr2O7)
Lemna minor Duckweed Macrophytes NOEC Growth 7 days 0.11 s n 25oC [142]

EU RAR (II)
Cr6+

(K2Cr2O7)
Lemna minor Duckweed Macrophytes LOEC Growth

inhibition
14 days 0.100 ss stock

solution
only

Tests carried out
in nutrient solution

[143]
KC 3

Cr
(Na2CrO4)

Lemna gibba Duckweed Macrophytes NOEC Growth
biomass

8 days 0.100 s pH 6.9–7.7; 17oC
(air)

[147]
EU RAR (IIIb)

Cr6+

(K2Cr2O7)
Lemna gibba Duckweed Macrophytes NOEC Growth

inhibition
14 days 0. 100 ss stock

solution
only

Tests carried out
in nutrient solution

[143]
KC 3

Cr
(Na2CrO4)

Spirodela
polyrhiza

Large
duckweed

Macrophytes NOEC Growth 8 days 0.100 s pH 6.9–7.7; 17°C
(air)

[147]
EU RAR (IIIb)

Cr
(Na2CrO4)

Spirodela punctata Duckweed Macrophytes NOEC Growth 8 days 0.500 pH 6.9–7.7; 17°C
(air)

[147]
EU RAR (IIIb)

Invertebrates
Cr6+

(K2Cr2O7)
Asellus aquaticus Isopod Crustaceans LC50 Mortality 10 days 0.51 f y pH 7.6–8.4; 12oC [186]

KC 3
Cr6+

(K2Cr2O7)
Ceriodaphnia
dubia

Water flea Crustaceans NOEC Reproduction 7 days 0.0047 y Geometric mean
of 18 ring tests

[46]
EU RAR (II)

Cr6+

(K2Cr2O7)
Ceriodaphnia
dubia

Water flea Crustaceans NOEC Survival 7 days 0.0084 y Geometric mean
of 18 ring tests

[46]
EU RAR (II)

Cr6+

(K2Cr2O7)
Ceriodaphnia
dubia

Water flea Crustaceans IC50 Reproduction 7 days 0.013 ss y [46]
EU RAR (II)

Cr6+

(K2Cr2O7)
Daphnia carinata Water flea Crustaceans NOEC Reproduction 14 days 0.050 ss n pH 7.9; 20oC;

hardness 250
mg l-1 CaCO3

[75]
EU RAR (II)

Cr6+

(K2Cr2O7)
Daphnia magna Water flea Crustaceans NOEC Mortality/

reproduction
21 days 0.018 ss y pH 8; 25oC;

hardness 16
mg l-1 CaCO3

[93]
EU RAR (I)

Cr6+

(K2Cr2O7)
Daphnia magna Water flea Crustaceans NOEC Mortality/

reproduction
21 days 0.035 ss n 19oC [142]

EU RAR (II)
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Test
substance

Scientific name Common
name

Taxonomic
group

Endpoint Effect Test
duration

Conc.
(mg l-1)

Exposure1 Toxicant
analysis2

Comments Reference/
Source3

Cr6+

(K2Cr2O7)
Daphnia magna Water flea Crustaceans NOEC Growth 21 days 0.060 ss y pH 8.1; hardness

225 mg l-1 CaCO3

[166]
EU RAR (II)

Cr6+

(K2Cr2O7)
Daphnia magna Water flea Crustaceans NOEC Reproduction 14 days 0.025 ss n pH 7.9; 20oC;

hardness 250
mg l-1 CaCO3

[75]
EU RAR (II)

Total Cr
(Na2Cr2O7)

Daphnia magna Water flea Crustaceans NOEC Reproduction/
growth

21 days 0.0125 ss n 20oC; ASTM hard
water

[49]
KC 2

Cr6+

(K2Cr2O7)
Daphnia magna Water flea Crustaceans NOEC Survival/

growth/
reproduction

63 days 0.0035 ss stock
solution
only

pH 7.7; 20oC;
hardness 200
mg l-1 CaCO3

[66]
KC 2

Cr6+ Daphnia magna Water flea Crustaceans NOEC Survival 14 days 0.015 s n pH 8; 23oC;
hardness 240
mg l-1 CaCO3

[52]
EU RAR (IIIb)

Cr
(Na2Cr2O7)

Daphnia magna Water flea Crustaceans NOEC Reproduction 14 days 0.0005 s n pH 8; 23oC;
hardness 240
mg l-1 CaCO3

[52]
EU RAR (II)

Cr6+

(NaCrO4)
Daphnia magna Water flea Crustaceans NOEC Survival/

reproduction
28 days <0.010 ss y pH 8–8.5; 21oC [153]

EU RAR (IV)
Cr6+

(Na2Cr2O7)
Daphnia magna Water flea Crustaceans MATC Reproduction 14 days 0.0025 f y pH 7.3–7.4; 25oC;

hardness 45
mg l-1 CaCO3

[108]
ECOTOX
database

KC 4
Cr Daphnia magna Water flea Crustaceans LC100 Mortality 21 days 0.005 s n pH 7.6–7.8; 21oC;

hardness 63.3–
66.5 mg l-1 CaCO3

[110]
ECOTOX
database

KC 4
Cr6+ Cr Daphnia magna Water flea Crustaceans LC50 Mortality 7 days 0.0113 f n pH 7.2–7.4; 25oC;

hardness 45 mg l-1

CaCO3

[109]
[185]

Cr6+

(K2Cr2O7)
Moina macrocopa Water flea Crustaceans LT50 Mortality 9.43

days
0.020 s n pH 6.5–7; 24–

27oC
[176]

ECOTOX
database

Cr6+

(K2Cr2O7)
Gammarus
fossarum

Amphipod Crustaceans LC50 Mortality 10 days 0.19 f y pH 7.6–8.4; 12oC [186]
KC 3

Cr6+

(K2Cr2O7)
Mesocyclops
pehpeiensis

Copepod Crustaceans EC50 Larval
development

9 days 0.268 ss n 25oC [175]
KC 2
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Test
substance

Scientific name Common
name

Taxonomic
group

Endpoint Effect Test
duration

Conc.
(mg l-1)

Exposure1 Toxicant
analysis2

Comments Reference/
Source3

Cr6+

(K2Cr2O7)
Niphargus
rhenorhodanensis

Amphipod Crustaceans LC50 Mortality 10 days 0.23 f y pH 7.6–8.4; 12oC [186]
KC 3

Cr6+

(K2Cr2O7)
Culex pipiens Mosquito Insects NOEC Survival/

growth
1st instar

25 days 1.1 ss n 27oC [142]
EU RAR (II)

Cr6+

(K2Cr2O7)
Heptagenia
sulphurea

Mayfly Insects LC50 Mortality 10 days 0.22 f y pH 7.6–8.4; 12oC [186]
KC 3

Cr6+

(K2Cr2O7)
Hydra littoralis Coelenterates Threshold Reproduction 11 days 0.035 ss pH 8.15 [45]

EU RAR (II)
Cr6+

(K2Cr2O7)
Hydra oligactis Coelenterates NOEC Growth rate 21 days 1.100 ss n 18oC [142]

EU RAR (II)
Cr6+

(K2Cr2O7)
Lymnaea stagnalis Snail Molluscs NOEC Reproduction

budless
40 days 0.110 ss n 20oC [142]

EU RAR (II)
Vertebrates (fish and amphibians)
Cr6+

(Na2Cr2O7)
Catostomus
commersoni

White
sucker

Fish NOEC Growth
eggs/fry

60 days 0.29 f y pH 6.9–7.2; 17oC;
hardness 38.5
mg l-1 CaCO3

[137]
EU RAR (II)

Cr6+

(K2Cr2O7)
Cyprinus carpio Carp Fish LC100 Mortality

adult
42 days 1.00 f y pH 7.8; 15.5oC;

hardness 206.9
mg l-1 CaCO3

[118]
KC 4

Cr6+

(Na2Cr2O7)
Esox lucius Northern

pike
Fish NOEC Mortality

Eggs/fry
20 days 0.538 f y pH 6.7–7; 17oC;

hardness 37.8
mg l-1 CaCO3

[137]
EU RAR (IIIb)

Cr6+

(Na2Cr2O7)
Ictalurus punctatus Channel

catfish
Fish NOEC Growth

eggs/fry
30 days 0.15 f y pH 7.9–8.1; 22oC;

hardness 36.2
mg l-1 CaCO3

[137]
EU RAR (II)

Cr6+

(K2Cr2O7)
Ictalurus punctatus Channel

catfish
Fish LC50 Mortality

4 weeks
30 days 1.5 s y pH 7–7.4; 23–

26oC; hardness4

88–108 mEq l-1

[64]

Cr6+

(K2Cr2O7)
Nuria danrica Channelfish Fish LC50 Mortality

adult
20 days 0.304 s n pH 6.1–6.3;

hardness 4–5
mg l-1 CaCO3

[2]
ECOTOX
database,

[185]
KC 4
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Test
substance

Scientific name Common
name

Taxonomic
group

Endpoint Effect Test
duration

Conc.
(mg l-1)

Exposure1 Toxicant
analysis2

Comments Reference/
Source3

Cr6+

(Na2Cr2O7)
Oncorhynchus
mykiss

Rainbow
trout

Fish NOEC Growth
eggs/fry

60 days 0.051 f y pH 6.7–7; 10oC;
hardness 33.4
mg l-1 CaCO3

[137]
EU RAR (II)

Cr6+

(Na2Cr2O7)
Oncorhynchus
mykiss

Rainbow
trout

Fish NOEC Growth
Alevin-
juvenile

8 months 0.10 f y pH 7.8; 7–15oC;
hardness 42
mg l-1 CaCO3

[17]
EU RAR (II)

Cr6+

(Na2Cr2O7)
Oncorhynchus
mykiss

Rainbow
trout

Fish NOEC
LOEC

Growth
fry

110 days 0.013
0.020

f y pH 7.6–8.2; 13–
19oC; hardness 70
mg l-1 CaCO3

[117]
ECOTOX
database

KC 4
Cr6+

(Na2Cr2O4)
Oncorhynchus
mykiss

Rainbow
trout

Fish NOEC Mortality
eyed eggs

244 days 0.020 f y pH 6.5–7.8; 12oC;
hardness 80 mg l-1

CaCO3

[164, 165]
EU RAR (IIIb)

Cr6+ (CrO3) Oncorhynchus
mykiss

Rainbow
trout

Fish LC50 Mortality
embryo-larval

28 days 0.180 ss y pH 7.2–7.8; 12–
13oC; hardness
104 mg l-1 CaCO3

[19, 20]
EU RAR (II)

Cr6+

(K2Cr2O7)
Oncorhynchus
mykiss

Rainbow
trout

Fish Biochemical
alterations in
liver – adults

180 days 0.200 f y pH 7.4; 15oC;
hardness 320
mg l-1 CaCO3

[12]
KC 4

Cr6+

(Na2Cr2O7)
Oncorhynchus
tshawytscha

Chinook
salmon

Fish NOEC
LOEC

Growth
egg

7 months 0.010
0.016

f y pH 7.6–8.2; 3.5–
13.5oC; hardness
70 mg l-1 CaCO3

[117]
ECOTOX
database

KC 4
Cr6+

(K2Cr2O7)
Oryzias latipes Medaka Fish NOEC Mortality

Embryo/
larvae

40 days 3.5 ss n 23oC [142]
EU RAR (II)

Cr6+

(Na2Cr2O7)
Pimephales
promelas

Fathead
minnow

Fish NOEC Growth
larvae

30 days 0.050 f y pH 7.8; 25oC;
hardness 220
mg l-1 CaCO3

[27]
EU RAR (II)

Cr6+

(K2Cr2O7)
Pimephales
promelas

Fathead
minnow

Fish NOEC Growth
larvae

7 days 1.10 Median of results
of ring test

[47]
EU RAR (II)

Cr6+

(Na2Cr2O7)
Pimephales
promelas

Fathead
minnow

Fish LOEC Growth
larvae

28 days 1.86 f y pH 8.17; 25oC [15]
KC 4

Cr6+

(K2Cr2O7)
Pimephales
promelas

Fathead
minnow

Fish NOEC Survival
4-week
juvenile

412 days 1.0 f y pH 7.5–8.2; 13–
27oC; hardness
209 mg l-1 CaCO3

[123]
EU RAR (II)
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Test
substance

Scientific name Common
name

Taxonomic
group

Endpoint Effect Test
duration

Conc.
(mg l-1)

Exposure1 Toxicant
analysis2

Comments Reference/
Source3

Cr6+

(Na2Cr2O7)
Pimephales
promelas

Fathead
minnow

Fish MATC Mortality/
Reproduction
30 days/0.15
g

32 days 2.27 f y pH 7.4; 25oC;
hardness 43.9
mg l-1 CaCO3

[146]
[185]
KC 4

Cr6+

(Na2Cr2O7)
Pimephales
promelas

Fathead
minnow

Fish LC50 Mortality
juvenile

30 days 4.36 f y pH 7.8; 25oC;
hardness 220
mg l-1 CaCO3

[27]
EU RAR (II)

Cr6+

(K2Cr2O7)
Pimephales
promelas

Fathead
minnow

Fish LC50 Mortality
3–14 days

30 days 0.900 s y pH 7–7.4; 23–
26oC; hardness4

88–108 mEq l-1

[64]
KC 2

Cr6+

(K2Cr2O7)
Poecilia reticulata Guppy Fish NOEC Mortality

3–4 weeks
28 days 3.5 ss n 23oC [142]

EU RAR (II)
Cr6+

(Na2Cr2O7)
Salmo salar Atlantic

salmon
Fish MATC Mortality

eyed egg
swim-up fry

113 days 0.010 ss n pH 6.3; 3–10oC;
hardness 11 mg l-1

CaCO3

[68]
[185]
KC 4

Cr6+

(K2Cr2O7)
Salmo trutta Brown trout Fish NR Reduction

body weight
>1 year

266 days 1.01 f y pH 7.8; 15.5oC;
hardness 207
mg l-1 CaCO3

[118]
[185]
KC 4

Cr6+

(Na2Cr2O7)
Salvelinus
fontinalis

Brook trout Fish NOEC Growth 8 months 0.01 f y pH 7–8; 7–15oC;
hardness 45 mg l-1

CaCO3

[17]
EU RAR (II)

KC 2
Cr6+

(Na2Cr2O7)
Salvelinus
namaycush

Lake trout Fish NOEC Growth
eggs/fry

60 days 0.105 f y pH 6.8–7.1; 10oC;
hardness 34 mg l-1

CaCO3

[137]
EU RAR (II)

Cr6+

(K2Cr2O7)
Wallago attu Wallago Fish NOEC Mortality 35 days 0.500 s n [3]

KC 4
Cr6+

(K2Cr2O7)
Xenopus laevis Clawed toad Amphibians NOEC Mortality

tadpole <2
days

100 days 0.350 ss n 20oC [142]
EU RAR (II)

1 Exposure: s = static; ss = semi-static; f = flow-through. 2 Toxicant analysis: y = measured; n = not measured. 3 Descriptions of the Validity Criteria used in the
EU RAR and shown here in parenthesis and Klimisch Criteria (KC) used to quality assess other data are given in Tables 2.9 and 2.10, respectively. 4 Where
100 mg l-1 Ca = 4.99 mEq l-1.
NOEC = no observed effect concentration; LOEC = lowest observed effect concentration; MATC = maximum allowable toxicant concentration
ECx = concentration effective against X% of the organisms tested; LCx = concentration lethal to X% of the organisms tested
IC50 = concentration at which the population effect of the organisms tested is inhibited by 50%
LT50 = exposure time at which the test concentration is lethal to 50% of the organisms tested
NR = not reported
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Table 2.12 Most sensitive short-term aquatic toxicity data for freshwater organisms exposed to Cr(VI)

Test
substance

Scientific name Common
name

Taxonomic
group

Endpoint Effect Test
duration

Conc.
(mg l-1)1

Exposure2 Toxicant
analysis3

Comments Reference/
Source4

Algae and microbes
Cr6+

(K2Cr2O7)
Anacystis
aeruginosa

Blue-green
alga

Algae EC50 Growth 96 hours 0.389 s n pH 7.8; 23oC [4]
ECOTOX
database

Cr6+

(K2Cr2O7)
Chlorella vulgaris Green alga Algae EC50 Abundance 72 hours

96 hours
0.120
0.160

ss n 20oC [57]
ECOTOX
database

Cr6+

(K2Cr2O7)
Drepanomonas
revoluta

Protozoans LC50 Mortality 24 hours 0.046 s n pH 7.3; 20oC [97]
ECOTOX
database

Cr6+

(K2Cr2O7)
Euglena gracilis Flagellate Algae IC50 Cellular

proliferation
96 hours 0.166 s y 24oC [134]

KC 2
Cr6+

(K2Cr2O7)
Nitzschia linearis Diatom Algae EC50 Biomass 5 days 0.208 s n Soft water [122]

EU RAR
(IIIa)

Cr6+

(K2Cr2O7)
Selenastrum
capricornutum

Green alga Algae EC50 Population
change

72 hours 0.0657 ss 24oC [128]
ECOTOX
database

Cr6+

(K2Cr2O7)
Selenastrum
capricornutum

Green alga Algae EC50 Population
growth

72 hours 0.0743 ss n 24oC [16]
ECOTOX
database

Cr6+

(K2Cr2O7)
Selenastrum
capricornutum

Green alga Algae EC50 Growth rate
log phase

72 hours 0.233 batch n pH 8.1; 24–26oC [37, 38]
EU RAR (II)

Cr6+

(K2Cr2O7)
Selenastrum
capricornutum

Green alga Algae EC50 Growth 72 hours 0.104 Geometric mean

Cr6+

(K2Cr2O7)
Selenastrum
capricornutum

Green alga Algae EC50 Population
growth

96 hours 0.170 s n 24oC [76]
ECOTOX
database

Cr6+

(K2Cr2O7)
Selenastrum
capricornutum

Green alga Algae EC50 Biomass 96 hours 0.217 y pH 5.6–8.9 [187]
EU RAR (II)

Cr6+ (Cr) Selenastrum
capricornutum

Green alga Algae NOEC Carbon uptake 4 hours 0.020 s n [126]
[185]

Cr6+

(K2Cr2O7)
Selenastrum
subspicatus

Green alga Algae EC50 Biomass
log phase

72 hours 0.130 s n pH 8; 24oC [91]
EU RAR (I)
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Test
substance

Scientific name Common
name

Taxonomic
group

Endpoint Effect Test
duration

Conc.
(mg l-1)1

Exposure2 Toxicant
analysis3

Comments Reference/
Source4

Cr6+

(K2Cr2O7)
Spirulina
platensis

Blue-green
alga

Algae Photosynthesis 6 hours 0.010 s n 27oC [14]
KC 3

Higher plants
Cr6+

(K2CrO4)
Hydrilla
verticillata

Hydrilla Macrophytes NOEC
LOEC

Peroxidase
activity

5 days 0.001
0.010

pH 6; 25oC [31]
KC 3

Cr6+

(K2Cr2O7)
Lemna minor Duckweed Macrophytes EC50 Growth 7–10 days 0.080 s n pH 8; 25oC;

hardness 249.6
mg l-1 CaCO3

[188]
ECOTOX
database

Cr6+

(K2Cr2O7)
Nelumbo lutea Yellow lotus Macrophytes LOEC?

P<0.05
Growth 96 hours 0.100 pH 8.2 [59]

ECOTOX
database

Invertebrates
Cr Anodonta

imbecillis
Mussel Molluscs LC50 Mortality 96 hours 0.039 s n 23oC; hardness 39

mg l-1 CaCO3

[189]
ECOTOX
database

Cr6+

(K2Cr2O7)
Caenorhabditis
elegans

Round
worm

Nematodes LC50 Mortality 96 hours 0.060 s n 20oC [190]
ECOTOX
database

Cr6+

(K2Cr2O7)
Ceriodaphnia
dubia

Water flea Crustaceans EC50 Immobilisation 24 hours 0.053 s n pH 7.9; 20oC;
hardness 250
mg l-1 CaCO3

[75]
EU RAR (II)

Cr6+

(Na2Cr2O7)
Ceriodaphnia
reticula

Water flea Crustaceans EC50 Immobilisation 48 hours 0.195 s n pH 8; 23oC;
hardness 240
mg l-1 CaCO3

[52]
EU RAR (II)

Cr6+

(K2Cr2O7)
Ceriodaphnia sp. Water flea Crustaceans EC50 Immobilisation 48 hours 0.030 s y Hardness 40–48

mg CaCO3 l
-1

[191]
EU RAR (II)

Cr6+

(K2Cr2O7)
Daphnia magna Water flea Crustaceans EC50 Immobilisation 24 hours 0.003 s n pH 8; 20oC [192]

EU RAR
(IIIa)

Cr6+

(K2Cr2O7)
Daphnia magna Water flea Crustaceans EC50 Immobilisation 48 hours 0.035 s y pH 8.3; 20oC;

hardness 240
mg l-1 CaCO3

[148]
EU RAR (II)

Cr6+

(Na2Cr2O7)
Daphnia magna Water flea Crustaceans EC50 Immobilisation 48 hours 0.112 s n pH 8; 23oC;

hardness 240
mg l-1 CaCO3

[52]
EU RAR (II)

Cr6+

(K2Cr2O7)
Daphnia magna Water flea Crustaceans LC50 Mortality 48 hours 0.105 s y pH 7.8; hardness

170 mg l-1 CaCO3

[193]
KC 2
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Test
substance

Scientific name Common
name

Taxonomic
group

Endpoint Effect Test
duration

Conc.
(mg l-1)1

Exposure2 Toxicant
analysis3

Comments Reference/
Source4

Cr6+

(Na2Cr2O7)
Daphnia magna Water flea Crustaceans LC50 Mortality 48 hours 0.011 s n 23oC [194]

ECOTOX
database

Cr6+

(Na2Cr2O7)
Daphnia magna Water flea Crustaceans LC50 Mortality/

immobilisation
48 hours 0.046 Geometric mean

Cr6+

(NaCrO4)
Daphnia magna Water flea Crustaceans LC50 Mortality 96 hours 0.050 s y pH 8–8.5; 21oC [153]

EU RAR (II)
Cr6+

(K2CrO4)
Daphnia magna Water flea Crustaceans EC50 Immobilisation 96 hours 0.007 s y pH 7.2–8; 20oC;

hardness 45.4–
54.6 mg l-1 CaCO3

[33]
EU RAR

(IIIa)
Cr6+

(K2Cr2O7)
Daphnia pulex Water flea Crustaceans EC50 Immobilisation 48 hours 0.063 s y hardness 40–48

mg l-1 CaCO3

[191]
EU RAR (II)

Cr6+

(Na2Cr2O7)
Daphnia pulex Water flea Crustaceans EC50 Immobilisation 48 hours 0.122 s n pH 8; 23oC;

hardness 240
mg l-1 CaCO3

[52]
EU RAR (II)

Cr6+

(Na2Cr2O7)
Daphnia pulex Water flea Crustaceans EC50 Immobilisation 48 hours 0.0877 Geometric mean

Cr6+

(K2Cr2O7)
Gammarus
fasciatus

Amphipod Crustaceans LC50 Mortality 96 hours 0.110 s n pH 6.5–8.5; 20oC;
hardness 130
mg l-1 CaCO3

[195]
EU RAR

(IIIb)
Cr6+

(K2Cr2O7)
Gammarus
pseudolimnaeus

Amphipod Crustaceans LC50 Mortality 96 hours 0.067 f y hardness
48 mg l-1 CaCO3

[33]
EU RAR

(IIIa)
Cr6+ Gammarus pulex Amphipod Crustaceans LC50 Mortality 96 hours

0.070

0.110

s pH 7.5–8; 13oC;
hardness 88–99
mg l-1 CaCO3
hardness 236–268
mg l-1 CaCO3

[196]
[185]

Cr6+

(K2Cr2O7)
Mesocyclops
pehpeiensis

Copepod Crustaceans LC50 Mortality 48 hours 0.510 s n 25oC [175]
KC 2

Cr6+

(K2Cr2O7)
Moina
australiensis

Water flea Crustaceans EC50 Immobilisation 48 hours 0.020 s y pH 7.8; 23oC;
hardness 36 mg l-1

CaCO3

[194]
KC 2

Cr6+

(K2Cr2O7)
Streptocephalus
proboscideus

Fairy shrimp Crustaceans LC50 Mortality 24 hours 0.061 s pH 6.4–6.6; 30oC;
hardness 8–10
mg l-1 CaCO3

[198]
ECOTOX
database
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Test
substance

Scientific name Common
name

Taxonomic
group

Endpoint Effect Test
duration

Conc.
(mg l-1)1

Exposure2 Toxicant
analysis3

Comments Reference/
Source4

Cr6+

(K2Cr2O7)
Tubifex tubifex Bloodworm Annelids LC50 Mortality 48 hours 0.063 ss pH 6.3; 20oC;

hardness 0.1
mg l-1 CaCO3

[199]
ECOTOX
database

Fish
Cr6+ (CrO3) Carassius

auratus
Goldfish Fish LC50 Mortality

embryo-larval
7 days 0.660 ss y pH 7.4; 22oC;

hardness 195
mg l-1 CaCO3

[19]
EU RAR (II)

Cr6+

(K2Cr2O7)
Lepomis
macrochirus

Bluegill Fish LC50 Mortality 96 hours 0.113 s n Soft water [32]
ECOTOX
database

Cr6+

(K2Cr2O7)
Lepomis
macrochirus

Bluegill Fish LC50 Mortality 96 hours 0.135 s n Hard water [32]
ECOTOX
database

Cr6+ (CrO3) Micropterus
salmoides

Largemouth
bass

Fish LC50 Mortality
embryo-larval

8 days 1.17 ss y pH 7.2–7.8; 19–
22oC; hardness
93–105 mg l-1

CaCO3

[20]
EU RAR (II)

Cr6+

(K2Cr2O7)
Odonthestes
bonariensis

Silverside Fish LC50 Mortality 96 hours 1.46 ss y pH 7.4; 22oC;
hardness 215
mg l-1 CaCO3

[34]
KC 2

Cr6+

(Na2Cr2O4)
Oncorhynchus
mykiss

Rainbow
trout

Fish LC50 Mortality
10–30 g

72 hours 0.220 n pH 6.9; 12oC;
hardness 1.5
mg l-1 CaCO3

[77]
ECOTOX
database

Cr6+

(K2Cr2O7)
Oncorhynchus
mykiss

Rainbow
trout

Fish LOEC Avoidance
yearling

30 min 0.028 f y pH 7.2; 14.5oC;
hardness 100
mg l-1 CaCO3

[10]
[185]

Cr6+

(K2Cr2O7)
Oncorhynchus
mykiss

Rainbow
trout

Fish - Reduction in
fertilisation

40 min 0.005 s y 10oC [18]
KC 2

Cr6+

(Na2Cr2O7)
Pimephales
promelas

Fathead
minnow

Fish NOEC Growth
larvae

7 days 2.94–
3.19

ss
f

n hardness 44–49
mg l-1 CaCO3

[113]
ECOTOX
database

Cr6+ Cr Pimephales
promelas

Fathead
minnow

Fish NOEC Growth
<24 hours

7 days 3.0 ss n pH 8.1–8.3;
hardness 175
mg l-1 CaCO3

[124]
[185]

Cr6+

(K2Cr2O7)
Pimephales
promelas

Fathead
minnow

Fish NOEC Growth (dry wt)
larvae

7 days 1.5 ss n pH 8–8.5; 25oC;
hardness 94–184
mg l-1 CaCO3

[125]
ECOTOX
database



Science Report Proposed EQS for chromium 39

Test
substance

Scientific name Common
name

Taxonomic
group

Endpoint Effect Test
duration

Conc.
(mg l-1)1

Exposure2 Toxicant
analysis3

Comments Reference/
Source4

Cr Bufo
melanostictus

Common
Indian toad

Amphibians LC50 Mortality
tadpole

96 hours 2.52 s n pH 8.2; 28°C [200]
ECOTOX
database

1 Data used for calculation of a geometric mean are underlined; geometric means are highlighted in bold.
2 Exposure: s = static; ss = semi-static; f = flow-through.
3 Toxicant analysis: y = measured; n = not measured.
4 Descriptions of the Validity Criteria used in the EU RAR and shown here in parenthesis and Klimisch Criteria (KC) used to quality assess other data are
given in Tables 2.9 and 2.10, respectively.
NOEC = no observed effect concentration
LOEC = lowest observed effect concentration
EC50 = concentration effective against 50% of the organisms tested
LC50 = concentration lethal to 50% of the organisms tested
IC50 = concentration at which the population effect of the organisms tested is inhibited by 50%
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Table 2.13 Most sensitive aquatic toxicity data for fish exposed to Cr(III) (as taken
from the EU RAR)**
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Table 2.13 (continued) Most sensitive aquatic toxicity data for fish exposed to
Cr(III) (as taken from the EU RAR)**

** For details of references, see EU RAR [56].
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Table 2.14 Most sensitive aquatic toxicity data for invertebrates exposed to Cr(III)
(as taken from the EU RAR)**
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Table 2.14 (continued) Most sensitive aquatic toxicity data for invertebrates
exposed to Cr(III) (as taken from the EU RAR)**

** For details of references, see EU RAR [56].
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Table 2.15 Most sensitive aquatic toxicity data for algae exposed to Cr(III) (as
taken from the EU RAR)*

* For details of references, see EU RAR [56].

2.6.2 Toxicity to saltwater organisms

Chromium(VI)
Long-term aquatic toxicity data of saltwater organisms are presented in Table 2.16.
Aquatic invertebrates such as the blue mussel (Mytilus edulis, 12-week NOECgrowth 4–6
µg l-1) or the polychaete worm Nereis arenaceodentata (2-week NOECmortality 6 µg l-1) and
the yellow rock crab (Cancer anthonyi, 12-week LOECmortality, hatching 10 µg l-1) appear to
be the most sensitive organisms. Some algae species may be equally sensitive, whereas
the available (sub-chronic) studies with fish indicate a lower sensitivity of this group.

Short-term toxicity data of marine biota are presented in Table 2.17. Data on the effects
of hexavalent chromium compounds are available for saltwater algae, crustaceans, fish
and echinoderms.

Diagrammatic representations of the available saltwater data (cumulative distribution
functions) for Cr(VI) are presented in Figures 2.6 and 2.7. These diagrams include all
data regardless of quality and provide an overview of the spread of the available data.
These diagrams are not species sensitivity distributions and have not been used to set
the chromium PNECs.
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Figure 2.6 Cumulative distribution function of saltwater long-term data (mg l-1)
for Cr(VI)
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Figure 2.7 Cumulative distribution function of saltwater short-term data (mg l-1)
for Cr(VI)

Chromium(III)
There is only one multi-generation NOEC of >50 mg l-1 for the polychaete worm
Neanthes arenaceodentata and some acute studies for other marine invertebrates and
fish available (see Tables 2.13–2.15). This database is deemed insufficient to derive
PNECs for saltwater bodies.
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Table 2.16 Most sensitive long-term aquatic toxicity data for saltwater organisms exposed to Cr(VI)

Test
substance

Scientific name Common
name

Taxonomic
group

Endpoint Effect Test
duration

Conc.
(mg l-1)

Expo-
sure1

Toxicant
analysis2

Comments Reference/
Source3

Algae
Cr6+

(K2CrO4)
Champia parvula Red seaweed Algae NOEC Reproduction 48 hours 0.0001

–0.010
s n pH 7.7–8.2;

22oC; salinity
27–31 ppt

[85]
KC 4

Cr Glenodinium halli Dinoflagellate Population
decreasing

8–14
days

0.010 f n 28oC; salinity
28 ppt

[174]
ECOTOX
database

Cr6+

(K2Cr2O7)
Gracilaria
tenuistipitata

Red algae Algae NOEC Population
growth

96 hours 0.040 s n pH 8; 25oC;
salinity 6 ppt

[72]
ECOTOX
database

Cr6+

(K2Cr2O7)
Gracilaria
tenuistipitata

Red algae Algae NOEC Population
growth

96 hours 0.260 s n pH 8; 25oC;
salinity 17 ppt

[72]
ECOTOX
database

Cr6+

(K2Cr2O7)
Skeletonema
costatum

Diatom Algae MATC Biomass 96 hours 0.100 ss n Salinity 30 ppt [106]
ECOTOX
database

Cr6+

(Na2Cr2O7)
Thalassiosira
pseudonana

Diatom Algae NOEC Growth inhibition 15 days 0.100 s n 20oC; salinity
4–32.5 ppt

[60]
EU RAR

(IIIb)
Cr Thalassiosira

pseudonana
Diatom Algae LOEC Population

growth
48 hours 0.010 s n 28oC; salinity

14 ppt
[174]

ECOTOX
database

Invertebrates
Cr6+ (CrO3) Capitella capitata Polychaete

worm
Annelids LC50 Mortality

adult
28 days 0.280 s n pH 7.8 [133]

EU RAR (II)
Cr6+ (CrO3) Ctenodrilus

serratus
Polychaete
worm

Annelids LOEC Reproduction
adult

21 days 0.050 s n pH 7.8 (~25%
reduction)

[132]
EU RAR (II)

Cr6+

(K2CrO4)
Dinophilus
gyrociliatus

Polychaete Annelids NOEC Reproduction 7 days 0.100 s y pH 7.7–8.2;
20oC; salinity
25 ppt

[85]
[185]

Cr6+ (CrO3) Neanthes
arenaceodentata

Polychaete
worm

Annelids LC50 Mortality
adult

28 days 0.55 n pH 7.8 [133]
EU RAR (II)

Cr6+

(K2Cr2O7)
Nereis
arenaceodentata

Polychaete
worm

Annelids ET50 Reproduction 123 days 0.050 ss n pH 7.5–8.3;
20oC; salinity
34 ppt

[121]
ECOTOX
database
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Test
substance

Scientific name Common
name

Taxonomic
group

Endpoint Effect Test
duration

Conc.
(mg l-1)

Expo-
sure1

Toxicant
analysis2

Comments Reference/
Source3

Cr6+

(K2Cr2O7)
Nereis
arenaceodentata

Polychaete
worm

Annelids LC50 Mortality 59 days 0.200 ss n pH 7.5–8.3;
20oC; salinity
34 ppt

[121]
ECOTOX
database

Cr6+

(K2Cr2O7)
Nereis
arenaceodentata

Polychaete
worm

Annelids NOEC Reproduction
F1 gen.

2 gener-
ation life-
cycle

0.017 ss y pH 7.8–8.4;
20.8oC;
salinity 33.6
ppt

[119]
EU RAR (II)

Cr6+

(K2Cr2O7)
Nereis
arenaceodentata

Polychaete
worm

Annelids NOEC Reproduction
Reduction in no.
of progeny 2nd
generation

2 gener-
ation life-
cycle

0.0125 ss y pH 7.9; 20oC;
salinity 33.6
ppt

[120]
EU RAR (II)

Cr6+ (CrO3) Nereis
arenaceodentata

Polychaete
worm

Annelids NOEC Mortality 14 days 0.006 s y pH 7.8–8;
20oC; salinity
35.5 ppt

[103]
EU RAR (II)

Cr6+

(K2Cr2O7)
Nereis
arenaceodentata

Polychaete
worm

Annelids LOEC Reproduction 350 days <0.012 ss y pH 7.8–8;
20oC; salinity
33.5 ppt

[103]
EU RAR (II)

Cr6+

(K2Cr2O7)
Nereis diversicolor Polychaete

worm
Annelids LC50 Mortality 16 days 0.700 s n 10oC; salinity

10 ppt
[28]
[185]

Cr6+

(K2Cr2O7)
Acartia tonsa Copepod Crustaceans NOEC Development 5 days 1.0 ss n Salinity 18 ppt [8]

ECOTOX
database

Cr6+

(K2Cr2O7)
Allorchestes
compressa

Amphipod Crustaceans LOEC Mortality 28 days 0.250 f y pH 8; 19oC;
salinity 31 ppt

[5]
ECOTOX
database

Cr6+

(K2Cr2O7)
Americamysis
bahia

Opossum
shrimp

Crustaceans NOEC Reproduction 7 days 0.320 ss n 25oC; salinity
25 ppt

[65]
ECOTOX
database

Cr6+

(K2CrO4)
Americamysis
bahia

Opossum
shrimp

Crustaceans NOEC Growth 7 days 0.600 ss y pH 7.7–8.2;
26oC; salinity
27–31 ppt

[85]
ECOTOX
database

Cr6+

(NaCrO4)
Callinectes
sapidus

Blue crab Crustaceans EC50 Development 40 days 0.93 n 25oC; salinity
30 ppt

[23]
EU RAR

(IIIb)
Cr6+

(K2Cr2O7)
Cancer anthonyi Yellow rock

crab
Crustaceans LOEC Mortality/

hatching success
7 days 0.01 ss y pH 7.8; 20oC;

salinity 34 ppt
[95]

EU RAR (II)
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Test
substance

Scientific name Common
name

Taxonomic
group

Endpoint Effect Test
duration

Conc.
(mg l-1)

Expo-
sure1

Toxicant
analysis2

Comments Reference/
Source3

Cr6+

(K2Cr2O7)
Mysidopsis bahia Mysid shrimp Crustaceans NOEC Reproduction

brood size
38 days 0.088 f y pH 7.8–8.2;

20–25oC;
salinity 30 ppt

[94]
EU RAR (II)

Cr6+

(NaCrO4)
Neomysis integer Shrimp Crustaceans NOEC Mortality 14 days 0.156 ss n pH 8.4; 20oC;

salinity 3.3
ppt

[163]
EU RAR

(IIIb)
Cr6+

(NaCrO4)
Palaemon elegans Rockpool

prawn
Crustaceans NOEC Mortality 38 days 1.56 ss n pH 8.4; 17–

20oC; salinity
33 ppt

[163]
EU RAR (II)

Cr6+

(NaCrO4)
Palaemonetes
pugio

Daggerblade
grass shrimp

Crustaceans LOEC Histopatho-
logical changes

28 days 0.500 ss n 20oC; salinity
10 ppt

[131]
[185]

Cr6+

(NaCrO4)
Palaemonetes
varians

Atlantic
shrimp

Crustaceans LOEC Survival and
larval
development

30 days 0.312 ss n pH 8.4; 20oC;
salinity 3.3
ppt

[163]
EU RAR (II)

Cr6+

(K2Cr2O7)
Portunus
pelagicus

Crab Crustaceans MATC Growth 6 weeks 0.300 ss n 26oC; salinity
33 ppt

[107]
KC 3

Cr6+

(NaCrO4)
Praunus flexuosus Mysid Crustaceans NOEC Mortality 23 days 1.0 ss n pH 8.4; 20oC;

salinity 23 ppt
[163])

EU RAR (II)
Cr6+

(Na2Cr2O4)
Rhithropanopeus
harrisii

Mud crab Crustaceans NOEC Survival to 1st
crab stage

19 days 0.360 ss n 25oC; salinity
20 ppt

[23]
EU RAR (II)

Cr6+

(NaCrO4)
Rhithropanopeus
harrisii

Mud crab Crustaceans NOEC Survival
Hatch – 1st crab

19 days 0.36 ss n 25oC; salinity
20 ppt

[23]
EU RAR (II)

Cr6+

(K2Cr2O7)
Tisbe battagliai Copepod Crustaceans NOEC Reproduction 8 days 0.320 ss y pH 7.7–8.1;

20.5oC;
salinity 35 ppt

[80]
ECOTOX
database

Cr Crassostrea gigas Pacific oyster Molluscs Growth inhibition 14 days 0.010 s n [171]
[185]

Cr6+

(Na2Cr2O7)
Mytilus edulis Mussel Molluscs NOEC

(unbounded)
Growth 12

weeks
0.004–
0.006

f y Salinity 29–32
ppt

[179]
KC 3

Cr6+

(K2Cr2O7)
Monodonta
turbinate

Snail Molluscs LT50 Mortality 16.8
days

0.500 n [99]
ECOTOX
database

Cr6+

(NaCrO4)
Monhystera
disjuncta

Nematode Nematodes LOEC Reproduction 96 hours 0.750 s n 17°C; salinity
30 ppt

[168]
ECOTOX
database
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Test
substance

Scientific name Common
name

Taxonomic
group

Endpoint Effect Test
duration

Conc.
(mg l-1)

Expo-
sure1

Toxicant
analysis2

Comments Reference/
Source3

Vertebrates (fish)
Cr6+

(K2Cr2O7)
Citharichthys
stigmaeus

Speckled
sanddab

Fish LC50 Mortality
5 g

21 days 5.0 f y pH 7.8–8.4;
12–12.3oC;
salinity 33.5
ppt

[103]
EU RAR (II)

Cr6+

(K2Cr2O7)
Cyprinodon
variegates

Sheepshead
minnow

Fish NOEC Growth
larvae <24 hours

7 days 3.2 ss n 25oC; salinity
20–30 ppt

[102]
ECOTOX
database

Cr6+

(K2CrO4)
Cyprinodon
variegates

Sheepshead
minnow

Fish NOEC Growth
larvae <24 hours

7 days 2.5 ss y pH 7.7–8.2;
25oC; salinity
27–31 ppt

[85]
ECOTOX
database

Cr6+

(K2Cr2O7)
Dicentrarchus
labrax

Sea bass Fish Biochemical
changes

15 days 2.84–
14

ss n 15oC [135]
ECOTOX
database

Cr6+

(K2CrO4)
Oncorhynchus
kisutch

Coho salmon Fish NOEC Mortality
106 mm

11 days 17.8 s n pH 7.8; 7.2oC [78]
ECOTOX
database

Cr6+

(K2Cr2O7)
Pleuronectes
platessa

Plaice Fish Histopatho-
logical changes
spleen
macrophage

27 days 0.500 ss n 15oC; salinity
30 ppt

[88]
[185]

1 Exposure: s = static; ss = semi-static; f = flow-through.
2 Toxicant analysis: y = measured; n = not measured.
3 Descriptions of the Validity Criteria used in the EU RAR and shown here in parenthesis and Klimisch Criteria (KC) used to quality assess other data are
given in Tables 2.9 and 2.10, respectively.
NOEC = no observed effect concentration; LOEC = lowest observed effect concentration; MATC = maximum allowable toxicant concentration
LC50 = concentration lethal to 50% of the organisms tested; EC50 = concentration effective against 50% of the organisms tested
ET50 = exposure time at which the test concentration is effective against 50% of the organisms tested
LT50 = exposure time at which the test concentration is lethal to 50% of the organisms tested
ppt = parts per trillion
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Table 2.17 Most sensitive short-term aquatic toxicity data for saltwater organisms exposed to Cr(VI)

Test
substance

Scientific name Common
name

Taxonomic
group

Endpoint Effect Test
duration
(hours)

Conc.
(mg l-1)

Expo-
sure1

Toxicant
analysis2

Comments Reference/
source3

Algae
Cr6+

(K2CrO4)
Cryptophycophyta EC50 Population

growth
72 0.230 n 16oC [151]

ECOTOX
database

Cr Gymnodinium
splendens

Dinoflagellate ? Population
decreasing
>65%

48 0.020–
0.500

s n 28oC; salinity
28 ppt

[174]
ECOTOX
database

Cr6+

(K2CrO4)
Nitzschia sp. Diatom Algae EC50 Population

growth
72 0.260 n 16oC [151]

ECOTOX
database

Cr6+

(K2Cr2O7)
Skeletonema
costatum

Diatom Algae EC10 Photosynthesis 20 0.046 s n pH 8; 15oC;
salinity 20‰

[201]
EU RAR

(IIIb)
Cr Thalassiosira

pseudonana
Diatom Algae EC50 Population

growth
48 0.350 s n 28oC; salinity

14 ppt
[174]

ECOTOX
database

Invertebrates
Cr6+

(K2Cr2O7)
Ampelisca araucanaAmphipod Crustaceans LC50 Mortality 48 56.9 n 13oC [145]

ECOTOX
database

KC 4
Cr6+

(K2Cr2O7)
Artemia franciscana Brine shrimp Crustaceans NOEC Mortality 24 1.0 s n 25oC; salinity

35 ppt
[71]
KC 2

Cr6+

(NaCrO4)
Callinectes sapidus Blue crab Crustaceans LC50 Mortality 96 0.320 ss n 25oC; salinity

30 ppt
[23]

EU RAR
(IIIb)

Cr6+

(K2Cr2O7)
Paracentrotus
lividus

Sea urchin Echinoderms NOEC Embryo
development

48 1.7
(0.78–
3.85)

s n 18oC; salinity
36‰;
geometric
mean (n = 11)

[101]
KC 2

Cr6+

(K2Cr2O7)
Penaeus chinensis Fleshy prawn Crustaceans LC50 Mortality 96 0.0034 n [36])

ECOTOX
database
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Test
substance

Scientific name Common
name

Taxonomic
group

Endpoint Effect Test
duration
(hours)

Conc.
(mg l-1)

Expo-
sure1

Toxicant
analysis2

Comments Reference/
source3

Cr Penaeus indicus Indian prawn Crustaceans LC50 Mortality 48 1.010 n [67]
ECOTOX
database

Cr6+

(K2Cr2O7)
Portunus pelagicus Crab Crustaceans MATC Moult inhibition

Z1–Z2
72 0.320 ss n 26oC; salinity

33 ppt
[107]
KC 3

Fish
Cr3+ (CrCl3) Cynoglossus joyneri Red tongue

sole
Fish LC50 Mortality

larvae
72 0.900 s n [44]

ECOTOX
database

1 Exposure: s = static; ss = semi-static.
2 Toxicant analysis: n = not measured.
3 Descriptions of the Validity Criteria used in the EU RAR and shown here in parenthesis and Klimisch Criteria (KC) used to quality assess other data are
given in Tables 2.9 and 2.10, respectively.
NOEC = no observed effect concentration
MATC = maximum allowable toxicant concentration
ECx = concentration effective against X% of the organisms tested
LC50 = concentration lethal to 50% of the organisms tested
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2.6.3 Toxicity to sediment-dwelling organisms
No experimental data with sediment-dwelling freshwater or saltwater organisms are
available to derive a PNEC for sediment.

2.6.4 Endocrine-disrupting effects
No data could be located on the effects of chromium compounds on the endocrine
system.
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3. Derivation of quality standards for
chromium

3.1 Use of the Added Risk Approach

The EU RAR on chromates adopted a total risk approach since almost all hexavalent
chromium in the environment is of anthropogenic origin. The natural background levels of
Cr(VI) are, therefore, insignificant and negligible.

Since Cr(VI) is converted into Cr(III) under some conditions in the environment, the
possible effects of Cr(III) must also be taken into consideration. However, it appears that
the Cr(III) species to which Cr(VI) may be reduced are much less soluble, and hence
less bioavailable to pelagic organisms, than the soluble salts of Cr(III) used in toxicity
tests. When the more insoluble forms of Cr(III) (e.g. chromium hydroxide sulfate and
dichromium trioxide) have been tested, they have generally shown no effects on aquatic
organisms at concentrations up to their effective water solubility.

Because of the low solubility and hence bioavailability of Cr(III) species occurring in the
environment, it may be that there is no need for EQSs referring to Cr(III). However, if the
necessity of such standards should be acknowledged, consideration could be given to
applying the added risk approach for Cr(III) species to take account of spatial differences
in natural chromium background levels.

3.2 Consideration of factors determining chromium
bioavailability and toxicity in the water column

The EU RAR [56] states that the acute toxicity of Cr(VI) is dependent on a number of
factors, including pH, water hardness, salinity and temperature. In general, Cr(VI) toxicity
is increased with:

• decreased pH (i.e. 8.0 to 6.0);
• increased temperature (i.e. 15 to 25oC);
• decreased water hardness (>100 to <100 mg l-1 as CaCO3) or salinity (<2%).

The values in parenthesis are general values for fish and aquatic invertebrates and will
vary according to individual species’ optimum environmental requirements. However,
there are also studies that show little change in toxicity with changes in water properties.

Available long-term studies with freshwater invertebrates do not appear to show any
clear dependence of Cr(VI) toxicity on the properties of the water. There are indications
that toxicity may be higher in lower hardness waters, but there are few, if any, studies
which allow the comparison to be made for the same species at different levels of
hardness, or other properties. Although relationships between hardness and toxicity have
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been described for divalent metal cations, the fact that the chromium species here are
oxoanions means that their toxicity may be less influenced by water properties.

With regard to Cr(III), the EU RAR concludes that the available data appears to show
that Cr(III) is less toxic than Cr(VI) in waters of medium hardness (>50 mg l-1 CaCO3). In
lower hardness waters, the acute toxicity would increase; however, there were also
indications that NOEC values would decrease with decreasing hardness.

Detailed relationships between chromium properties and environmental factors were not
developed in the EU RAR and the data available from the RAR and from the
supplementary sources consulted (see Section 2.6) are not sufficient to allow for a
normalisation of Cr(VI) acute toxicity for water quality parameters such as hardness, pH,
etc., by, for example, (multiple) regression analysis. It was therefore only possible to
derive PNECs without consideration of water quality parameters.



Science Report Proposed EQS for chromium56

4. Calculation of PNECs as a basis
for the derivation of quality
standards

4.1 Derivation of PNECs by the TGD deterministic approach
(AF method)

4.1.1 PNECs for freshwaters

PNEC referring to the annual average concentration
Chromium(VI)
According to the standard assessment factor approach, the PNEC is derived from the
lowest high quality long-term NOEC available. A particularly low NOEC of 0.5 µg l-1 was
reported for water flea (Daphnia magna) reproduction [52]. However, based on the
available data the EU RAR regarded this value as an outlier. According to the EU RAR,
the lowest reliable value was a NOEC of 4.7 µg l-1 for reproduction of the cladoceran
Ceriodaphnia dubia [46] (Table 2.11).

There is a large amount of good quality long-term effect data on a wide range of aquatic
organisms available including algae, insects, molluscs and fish (Table 2.11). An
assessment factor of 10 is therefore used, giving a PNEC of 0.47 µg l-1.

PNECfreshwater_lt = 4.7 µg l-1/(AF 10) = 0.47 µg l-1 Cr(VI) (dissolved)

Chromium(III)
Since Cr(VI) is converted into Cr(III) under some conditions in the environment, the
possible effects of Cr(III) should also be considered. Aquatic toxicity data referring to
Cr(III) were evaluated in the EU RAR (summarised in Tables 2.13–2.15).

From the available data, Cr(III) appears to be less toxic than Cr(VI) in waters of medium
hardness (>50 mg l-1 CaCO3). In lower hardness waters, the acute toxicity increases;
there are also indications that NOEC values decrease with decreasing hardness. From
the freshwater data reported in Tables 2.13–2.15, the lowest good quality long-term
NOEC values are 0.05 mg l-1 for rainbow trout (Oncorhynchus mykiss) [149], 0.047 mg l-1

for invertebrates (Daphnia magna) [35] and >2 mg l-1 for algae (Chlorella pyrenoidosa)
[104]. In addition, an EC50 of 0.32 mg l-1 is reported for Selenastrum capricornutum
[187]. The fish and invertebrate values relate to hardness levels of 26 and 52 mg l-1,
respectively.

As long-term toxicity data for representatives of at least three different taxonomic groups
are available, the appropriate assessment factor is 10. Applying this assessment factor to
the lowest available NOEC gives a tentative PNEC for Cr(III) of 4.7 µg l-1 for soft water.
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PNECfreshwater_lt = 47µg l-1/(AF 10) = 4.7 µg l-1 Cr(III) (dissolved)

PNEC accounting for transient concentration peaks
Chromium(VI)
Short-term ecotoxicological data on the effects of hexavalent chromium compounds are
available for a wide variety of freshwater organisms (algae, plants, crustaceans, fish,
amphibians, annelids and nematodes) (see Table 2.12).

The lowest reported value for algae was an effect on photosynthesis of Spirullina
platensis after a 6-hour exposure to 0.01 mg l-1 [14]. However, this value was based on
nominal concentrations. It is also very difficult to establish the extent of the effect.
Consequently, the relevance of the study is questioned. A particularly sensitive 5-day
NOEC of 0.001 mg l-1 was also reported for peroxidase activity in the plant Hydrilla
verticillata [31]. However, the relevance of this effect is not known. The NOEC for growth
of the plants in this test was 0.1 mg l-1. In addition, there was no mention of chemical
analysis in this study and so these data are used in a supporting capacity only.

The more detailed dataset for freshwater invertebrate species shows that the most
sensitive group is cladocerans, such as Moina australiensis (48-hour EC50 20 µg l-1),
Ceriodaphnia sp. (48-hour EC50 30 µg l-1) and Daphnia magna (48-hour geometric mean
EC50 46 µg l-1). A low effect value for Daphnia magna (24-hour EC50 value of 3 µg l-1)
was reported by Wernersson and Dave [192]. However, this value is not considered
reliable because in a ring test involving 129 EC50 determinations from 46 laboratories,
the mean 24-hour EC50 value was determined as 530 µg l-1 Cr(VI) [56]. A 96-hour EC50
of 7 µg l-1 for the same species [33] was also regarded as unreliable in the RAR.

Invertebrates of other taxonomic groups such as molluscs (Anodonta imbecillis, 96-hour
LC50 39 µg l-1), nematodes (Caenorhabditis elegans, 96-hour LC50 60 µg l-1) and
annelids (Tubifex tubifex, 48-hour LC50 63 µg l-1) also appear to be very sensitive to
Cr(VI).

There was also a particularly sensitive value reported for reproduction in rainbow trout. A
40-minute exposure to a concentration of 5 µg l-1 resulted in a significant reduction in
fertilisation in trout sperm and eggs [18]. However, the sperm underwent significant
preparation/dilution in the test, so the relevance to the field may be in question. In
addition, there was no mention of replication in this study. Consequently, these data have
been used in a supporting capacity only.

The PNEC accounting for effects following short-term exposure to Cr(VI) is calculated on
the basis of the general guidance given in the TGD [152] on the effects assessment for
intermittent releases (Section 3.3.2 of Part II) and the lowest valid EC50 of 20 µg l-1 for
immobilisation of the crustacean Moina australiensis [197]. As the acute effects values of
these most sensitive species are nearly in the range of the lowest chronic effects values
(i.e. very low acute to chronic effects ratios) and a broad range of taxonomic groups is
covered by the acute database, the use of a reduced assessment factor of 10 (instead of
100) is suggested in order to extrapolate from the 50 per cent acute effect level to the
short-term no effect level.

PNECfreshwater_st = 20 µg l-1/AF (10) = 2 µg l-1 Cr(VI) (dissolved)
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Chromium(III)
Based on the available toxicity data for Cr(III), it appears that algae are the most
sensitive organisms. The lowest EC50 of 0.32 mg l-1 Cr(III) is reported for Selenastrum
capricornutum biomass gain over 96 hours. For invertebrates, the lowest L(E)C50 values
are in the range of 1–15 mg l-1 (crustaceans, insects, molluscs and annelids) and, for
fish, the lowest LC50 of 3.33 mg l-1 reported refers to the guppy.

The PNEC accounting for effects following short-term exposure to Cr(III) is calculated on
the basis of the general guidance given in the TGD [152] on the effects assessment for
intermittent releases (Section 3.3.2 of Part II) and the lowest valid EC50 of 0.32 mg l-1 for
biomass gain of the alga Selenastrum capricornutum. A reduced assessment factor of 10
may suffice to extrapolate from the 50 per cent acute effect level to the short-term no
effect level.

PNECfreshwater_st = 320 µg l-1/AF (10) = 32 µg l-1 Cr(III) (dissolved)

From the available acute toxicity of Daphnia magna, it appears that Cr(III) is less toxic for
this species in hard water than in soft water.

4.1.2 PNECs for saltwaters
Freshwaters and saltwaters differ in various abiotic physico-chemical factors including
natural background concentrations of essential and other elements. For
metals/metalloids, it was decided not to combine the freshwater and saltwater effects
databases, but to derive PNECs for freshwaters and saltwaters on the basis of their
respective effects data.

PNEC referring to the annual average concentration
Chromium(VI)
A PNEC referring to the pelagic community in saltwater was not derived in the EU RAR
on chromates [56].

Long-term aquatic toxicity data of saltwater organisms are presented in Table 2.16.
Aquatic invertebrates such as the blue mussel (Mytilus edulis, 12-week NOECgrowth 4–6
µg l-1) or the polychaete worm Nereis arenaceodentata (2-week NOECmortality 6 µg l-1) and
the yellow rock crab (Cancer anthonyi, 12-week LOECmortality, hatching 10 µg l-1) appear to
be the most sensitive organisms. An algal NOEC of 0.1 µg l-1 is also available [85].
However, there were very few details available to assess the quality of this study. Studies
with fish indicate lower sensitivity than invertebrates.

The lowest available NOEC of 4–6 µg l-1 in Mytilus edulis was unbounded (highest
concentration tested). Consequently, it was not suitable for PNEC derivation. The next
lowest value, a 2-week NOECmortality of 6 µg l-1 in Nereis arenaceodentata, was regarded
as valid for PNEC derivation by the EU RAR.

According to the provisions of the TGD on marine effects assessment, an assessment
factor of 10 is appropriate to derive the PNEC on the basis of the lowest NOEC
(additional good quality long-term data for fish, crustaceans and algae were available as
well as for more than two additional marine taxonomic groups):

PNECsaltwater_lt = 6 µg l-1/(AF 10) = 0.6 µg l-1 Cr(VI) (dissolved)
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Chromium(III)
There was only one multi-generation NOEC of >50 mg l-1 for the polychaete worm
Neanthes arenaceodentata and some acute studies for other marine invertebrates and
fish available for Cr(III) (see Tables 2.13–2.15). This database is deemed insufficient to
derive a PNEC referring to the annual average concentration of Cr(III) in saltwater
bodies.

The results of the available short-term studies with marine fish and invertebrates appear
to cover the same range as the respective studies of their freshwater relatives.
Therefore, the PNEC derived for Cr(III) in freshwater may be used as an indicative value
for marine water bodies until sufficient long-term studies with marine organisms are
available.

PNEC accounting for transient concentration peaks
Chromium(VI)
Short-term ecotoxicological data on the effects of hexavalent chromium compounds are
available for saltwater algae, crustaceans, fish and echinoderms (see Table 2.17).

Unfortunately, problems with the validation of data occurred. With regard to the alga data,
the report by Wilson and Freeburg [174] is an internal US EPA report that was not
available to quality assess. In addition, two other publications [44, 151] are in Chinese
(with English abstracts) and could not be quality assessed. The same problem (Chinese
language paper) prevented the quality assessment of the study by Chen and Chen [36],
who reported a 48-hour LC50 of 0.0034 mg l-1 for the prawn Penaeus chinensis.
However, in the light of the results obtained for other prawn and crab species where
significantly higher Cr(VI) concentrations were required to cause toxic effects, the value
of this LC50 appears questionable. The lowest quality assessed toxicity data that meet
the minimum requirements used in the EU RAR are the 96-hour LC50 of 0.32 mg l-1

reported for the crab Callinectes sapidus [23] and the 20-hour EC10 of 46 µg l-1 reported
for effects on photosynthesis of the diatom Skeletonema costatum [201]. However, the
alga EC10 is for a non-standard test duration and endpoint.

The LC50 of 0.32 mg l-1 obtained with Callinectes sapidus could be used as the basis for
the derivation of the PNECsaltwater_st. The TGD [152] does not provide specific guidance
for assessment of acute effects of intermittent releases to marine water bodies. However,
the PNEC may be derived on the basis of the general guidance given in the TGD on the
effects assessment for intermittent releases (Section 3.3.2 of Part II). A reduced
assessment factor of 10 (instead of 100) is considered sufficient to extrapolate from the
50 per cent acute effect level to the short-term no effect level because good quality data
are available for algae, crustacean and echinoderms. Short-term saltwater fish data are
lacking. However, long-term data indicate that fish are unlikely to be the most sensitive
group. In addition, the resulting PNEC will also be in the range of the lowest NOECs
obtained for species with a short life cycle, such as algae and crustaceans of the genus
Ceriodaphnia.

PNECsaltwater_st = 320 µg l-1/AF (10) = 32 µg l-1 Cr(VI) (dissolved)

Chromium(III)
For Cr(III), the minimum data set of three short-term toxicity data with an alga,
crustacean and fish species is not available. Data on marine algae and crustacean
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species are lacking, but short-term data for a mussel and annelid species are available
instead (Tables 2.13–2.15). Overall, the available dataset comprises only five saltwater
L(E)C50s for one marine fish, one mollusc and one annelid species and, therefore, is
considered too small for the calculation of a reliable PNEC.

The results of the available short-term studies with marine fish and invertebrates appear
to cover the same range as the respective studies of their freshwater relatives.
Therefore, the PNEC derived for Cr(III) in freshwater may be used as an indicative value
for marine water bodies until sufficient long-term studies with marine organisms are
available.

4.2 Derivation of PNECs by the TGD probabilistic approach
(SSD method)

4.2.1 Annual average PNEC for freshwaters

Chromium(VI)
Twenty-six long-term NOECs (or geometric mean NOECs) were selected in the EU RAR
[56] as input data for the derivation of a PNECfreshwater by means of statistical
extrapolation (Table 4.1). Searches for additional relevant studies from other sources
such as the existing EQS [184], the US EPA ECOTOX database and Web of Science did
not result in additional relevant long-term NOEC data (see Table 2.11). Therefore, the
same approach as used in EU RAR is adopted here.

Table 4.1 Data used for establishing an SSD on the basis of long-term NOECs of
freshwater species

Species NOEC
(mg l-1 Cr)

Notes

Blue-green
algae

Microcystis aeruginosa 0.35

Algae Chlorella pyrenoidosa 0.1
Chlorella sp. (wild) 0.1
Scenedesmus
pannonicus

0.11

Selenastrum
capricornutum

0.033 Geometric mean of EC10 (g)

Macrophytes Lemna gibba 0.1
Lemna minor 0.11
Spirodela polyrhiza 0.1
Spirodela punctata 0.5

Crustaceans Ceriodaphnia dubia 0.0047 Reproduction value
Daphnia carinata 0.05
Daphnia magna 0.019 Geometric mean of reproduction

values
Coelenterates Hydra littoralis 0.035

Hydra oligactis 1.1
Insect Culex pipiens 1.1 Survival/growth NOEC
Mollusc Lymnaea stagnalis 0.11 Reproduction value
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Species NOEC
(mg l-1 Cr)

Notes

Fish Catastomus commersoni 0.29 Longer growth value
Esox lucius 0.538
Ictalurus punctatus 0.15 30-day growth NOEC
Oncorhynchus mykiss 0.07 Geometric mean of growth NOECs
Oryzias latipes 3.5 Survival NOEC
Pimephales promelas 0.68 Geometric mean of growth NOECs
Poecilia reticulata 3.5 Growth/mortality NOEC
Salvelinus fontinalis 0.01 Growth NOEC
Salvelinus namaycush 0.105 Growth NOEC

Amphibian Xenopus laevis 0.35 Mortality NOEC

Based on the 26 NOECs presented in Table 4.1 and the program ETX 2.0 [55], the
median (i.e. 50 per cent confidence) 5th percentile cut-off value of 10.3 µg l-1 Cr(VI) is
calculated with a lower 95 per cent confidence interval (CI) of 3.8 µg l-1 and an upper 95
per cent CI of 21 µg l-1. The 5th percentile cut-off value is the same as calculated in the
EU RAR for an assumed log-normal distribution using the method described by Wagner
and Løkke [169].5

Using the Anderson–Darling Goodness-of-Fit test for normality and the Cramer van
Mises test, normal distributions of the log-transformed data are accepted up to the
highest significance levels of 10 per cent, thus, accepting the assumption of normally
distributed input data. The Kolmogorov–Smirnov test accepted the null-hypothesis as
well, but only to a significance level of P = 0.05. It could be suggested that the
distribution (Figure 4.1) is bimodal given the poor fit around the midpoint. However, if the
data were split and two distributions generated there would be insufficient data available
to fulfil the TGD criteria for the generation of a species sensitivity distribution (SSD).
Therefore, in line with the EU RAR, only one distribution has been generated using all
the available long-term data.

                                                
5 ETX 2.0 is based on the publications of Aldenberg and Jaworska [6] and Aldenberg and Luttik [7]. These describe

the approaches to set up an SSD and to calculate the 5th percentile based on the assumed log-normal distribution of
the input data.
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Figure 4.1 SSD of freshwater organisms (input data as presented in Table 4.1)

According to the TGD [152], an assessment factor of 1–5 should be applied to derive the
PNEC from the 5th percentile of the SSD. The size of this assessment factor needs to be
justified to take account of aspects such as:

• data comprehensiveness and quality;
• fit to the distribution;
• the occurrence of NOEC values below the 5th percentile;
• the results of field tests (if available) and the conventional assessment factor method.

A justified proposal for the size of the assessment factor to be used for the calculation of
the PNEC from the 5th percentile is proposed in Section 3.2.1.7.1 of the chromates RAR
[56]. The following is an abridged form of that proposal:

• A considerable number of long-term NOEC values are available for calculating a 5th
percentile cut-off value for Cr(VI) from a wide range of aquatic taxa including fish,
crustaceans, algae, aquatic plants, insects, molluscs, amphibians and coelenterates.
These values match the species recommendations set out in the TGD [152].6 The
number of available NOEC values is significantly more than the minimum
requirements of at least 10 different species. The tests from which the values come
cover a range of chronic endpoints including growth, reproduction and survival, and
cover sensitive life stages for longer lived-organisms (e.g. fish) and multiple life cycles

                                                
6 The EU RAR states that a test with a benthic amphipod species is lacking. However, this observation refers to the

species requirements agreed at the so-called ‘London workshop’ on the use of statistical extrapolation for the
derivation of PNEC values in case of data-rich substances. However, the species requirements were updated in the
revised version of the TGD issued in 2003 [152]. As a result, the diversity of the species available for setting up a
SSD is now in line with the recommendation of the TGD.
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for shorter-lived species (e.g. cladocerans). Multiple data values for the same species
and endpoint have been combined as agreed.

• A further consideration for the use of the method is whether the data fit to the
expected distribution. All statistical tests applied do not reject the hypothesis that the
data come from the expected distribution. Overall, the data set is considered suitable
for use in the extrapolation method.

• As regards the application of a possible assessment factor to derive the PNEC value,
the following points should be considered:
− The data set used in the extrapolation covers a wide range of aquatic species and

a range of chronic endpoints. It includes the types of organism indicated to be the
most sensitive in acute tests and, thus, there do not appear to be any groups of
sensitive organisms missing from the data set. The organisms cover a range of
trophic levels and feeding strategies including primary producers, herbivores, fish
that consume algae and invertebrates, fish that consume other fish, and
detritivores.

− Against these points, there are a relatively large number of results for fish
(although they cover different types) and only one each for insects or molluscs.
There are also no results from mesocosm or field studies to compare with the
derived values. There are two values included in the data set which lie below the
HC5–50 per cent value: one for the cladoceran Ceriodaphnia dubia and the other
for the fish Salvelinus fontinalis. In the case of Ceriodaphnia dubia, the NOEC for
reproduction was 4.7 µg l-1; from the same report, the NOEC for survival was 8.4
µg l-1. These values come from a ring test and are derived from 18 individual
results. In the same study, the 50 per cent effect concentration for survival and
reproduction over 7 days was 14 µg l-1, indicating a steep dose-response. The
NOEC for Salvelinus fontinalis is 10 µg l-1, which is virtually the same as the HC5–
50 per cent value.

These considerations suggest that a small assessment factor could be applied to the
extrapolated value to give a more protective PNEC. The choice of assessment factor to
be used with the 5th percentile cut-off value makes little or no difference to the overall
result of the assessment. A factor of 3 was accepted during Technical Meeting
discussions as a reasonable compromise between those Member States that expressed
a view. Hence, the resulting PNEC is as follows:

PNECfreshwater_lt = 10.3 µg l-1/(AF 3) = 3.4 µg l-1 Cr(VI) (dissolved)

Chromium(III)
There are insufficient data available to carry out an SSD calculation for Cr(III).

4.2.2 Annual average PNEC for saltwaters
There are insufficient data available to carry out SSD calculations for Cr(III) or Cr(VI).

4.3 Derivation of existing EQSs

The UK EQS values derived in 1984 [184] (Table 4.2) were for total dissolved chromium
and the freshwater standards were banded according to water hardness.
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Few data were available at that time, in particular for Cr(III), and a comparison of the
toxicities of each oxidation state was not possible. Both Cr(III) and Cr(VI) were found to
be more toxic in soft water than in hard water under conditions that produced acute lethal
responses, with Cr(III) tending to be the more toxic. Under chronic conditions, particularly
in soft water, Cr(VI) was found to be more toxic, with the trivalent form showing little or no
adverse effect. Therefore, it was suggested that any standard for the continuous
discharge of chromium be solely set on the toxicity of hexavalent chromium. In view of
the considerable difference between the proposed EQS values and the prevailing
concentrations of total dissolved chromium in UK rivers, it was recommended that the
EQS values be adopted as total dissolved chromium concentrations rather than for
hexavalent chromium alone.

The EQSs for sensitive freshwater fish were derived to provide protection for salmonid
fish populations continuously exposed to concentrations that were generally very low
relative to acutely toxic concentrations. The preferred approach was to reduce the lowest
(non-lethal) effect dose reported by a suitable margin and to recommend this as an
annual mean concentration for the EQS. Typically, the values were derived by taking the
lowest concentration having an adverse effect from the available data and halving it.
However, the EQS for waters with a hardness between 50 and 100 mg l-1 (as CaCO3)
was taken from a no adverse effects value reported for a 2-year study. In the case of
waters with a hardness between 100 and 200 mg l-1 (as CaCO3), no data were available.
Therefore, it was recommended that the EQS for such waters should be twice that for
softer waters (i.e. 20 µg l-1).

Based on the available literature and the fact that experimental data were very limited,
the EQS values proposed for salmonid fish were also adopted for the protection of other
aquatic life.

For non-salmonid species, adequate toxicity data were lacking. While the standard for
very soft waters was derived using the same general approach as above, the chronic
toxicity data for waters of hardness >50 mg l-1 (as CaCO3) were insufficient to permit
derivation of EQS values. The ratio of the 96-hour LC50 values for the fathead minnow in
soft and hard water were taken into account to derive the EQS of 250 µg l-1 for hard
waters (>200 mg l-1 as CaCO3), although the report stated that there was no scientific
basis for applying acute toxicity ratios in this way [184]. The standards for intermediate
hardness were established by linear interpolation.

The data available for the effects of chromium on marine species indicated that the acute
toxicity of hexavalent chromium was extremely variable. Fish appeared to be
considerably less sensitive than invertebrates, although fish larvae were reported to be
susceptible to chromium contamination. The limited information available did not entirely
support the view that trivalent chromium was less toxic than the hexavalent form.
Because of this and the possibility of transformation between the two species, the EQS
was defined as being for total chromium. The standard was based on a chronic lowest
adverse effects value of 30 µg l-1 for a polychaete worm. This value was halved to give
the annual average standard.

The EQSs were subsequently revised [185], although they were never adopted as
statutory values.
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Table 4.2 EQS values for total dissolved chromium (III + VI) [184]

Use Annual average concentration
(µg l-1 total dissolved chromium)

Freshwater
Protection of salmonid fish and other aquatic life:

0–50 mg l-1 CaCO3 5
50–100 mg l-1 CaCO3 10
100–200 mg l-1 CaCO3 20
200–>250 mg l-1 CaCO3 50

Protection of non-salmonid fish:
0–50 mg l-1CaCO3 150
50–100 mg l-1 CaCO3 175
100–200 mg l-1CaCO3 200
200–>250 mg l-1 CaCO3 250

Saltwater 15

4.4 Derivation of PNECs for sediment

4.4.1 PNEC derivation by the TGD deterministic approach
There are insufficient data available to derive a PNEC from studies on sediment-dwelling
organisms.

4.4.2 PNEC derivation by the TGD probabilistic approach
Because no experimental effects data of benthic organisms are available, statistical
extrapolation cannot be applied to derive PNECs referring to freshwater or saltwater
sediments.

4.5 Derivation of PNECs for secondary poisoning of
predators

4.5.1 Mammalian and avian toxicity data
In 2002, the Environment Agency and the Department for Environment, Food and Rural
Affairs (Defra) published a report collating data on chromium with regard to soils [48].
This was assumed to contain the most sound and scientifically accurate mammalian data
and was, therefore, the primary data source used. The US IRIS [79] was also used.
Additional literature searches were performed from 2002 to May 2005 to locate any lower
effect data, but none were found. A comprehensive literature search was also performed
for all years to search for any relevant avian data.

Avian and mammalian oral toxicity studies with Cr(VI) compounds were also assessed in
the EU RAR [56], but no avian studies suitable for the derivation of a PNECoral and the
assessment of secondary poisoning were identified. However, two mammalian studies
with a no observed adverse effect level (NOAEL) of 20 mg Cr(VI)/kg body weight (bw)
per day were both considered suitable to derive a PNECoral. Study details are presented
in Table 4.3.
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Table 4.3 Most sensitive mammalian and bird oral toxicity data relevant for the
assessment of secondary poisoning

Study and result Details

Sub-chronic toxicity to mammals
ATSDR (2000) [13] did not derive any minimal risk levels (MRLs) for oral intermediate exposure
to chromium because ‘the available data on reproductive and developmental effects are
insufficient or too contradictory to establish … intermediate … NOAELs or LOAELs’.

Chronic toxicity to mammals
Anderson et al. 1997 [9]
Cited in Defra and Environment
Agency 2002 [48]
Chronic NOAEL = 5 mg Cr(III)/kg
bw/day

Rats received either chromium chloride or chromium
tripicolinate in their diet for 6 months at a corresponding
maximum dose of 5 mg Cr(III)/kg bw/day. No effects were
seen on body weight, organ weights, haematology, clinical
biochemistry and histopathology. Hence the NOAEL was
set at the highest dose tested.

Ivankovic and Preussmann 1975
[83]
Cited in Defra and Environment
Agency 2002 [48] and US EPA
2001 [156]
NOAEL = 1,468 mg Cr(III)/kg
bw/day

Rats received Cr2O3 in their diet via baked bread for 840
days at a corresponding dose of 1,468 mg Cr(III)/kg
bw/day. The NOAEL was based on no toxic effects
observed at the dose tested. The US EPA used this value
to set a chronic oral reference dose. However the study
has a low overall confidence rating, due to lack of protocol
detail [i.e. lack of toxicity endpoints studied, effect of
vehicle (baked bread) used, etc.].

MacKenzie et al. 1958 [96]
Cited in Defra and Environment
Agency 2002 [48] and US EPA
2001 [157]
Chronic NOAEL = 2.5
mg Cr(VI)/kg bw/day

Rats received potassium dichromate in their drinking water
for 1 year (20 animals per group). The NOAEL was based
on no effects seen on appearance, weight gain, food
consumption, haematology, liver, kidneys and femurs at
the highest dose tested. Although the US EPA used this
NOAEL to derive a chronic oral reference dose, it assigned
a low overall confidence rating to this figure due to the
small group size, small number of endpoints examined and
the lack of toxic effects.

Anwar et al. 1961 [11]
Cited in Defra and Environment
Agency 2002 [48]
Chronic NOAEL = 0.30
mg Cr(VI)/kg bw/day

Female dogs received potassium dichromate in their
drinking water for 4 years at corresponding doses of
0.012–0.30 mg Cr(VI)/kg bw/day (two animals per group).
The NOAEL was based on no effects seen on
appearance, body weight gain, organ weights, urinalysis,
haematology and histopathology at any of the doses
administered.

EU RAR 2005 [56]
Chronic NOAEL = 20
mg Cr(VI)/kg bw/day

A NOAEL of 20 mg Cr(VI)/kg bw/day was found for effects
on the testes in mouse (oral gavage route). This NOAEL
was considered a suitable basis for assessment of
secondary poisoning and the derivation of a PNECoral in
the EU RAR.

EU RAR 2005 [56]
Chronic LOAEL = 20
mg Cr(VI)/kg bw/day

A LOAEL of 20 mg Cr(VI)/kg bw/day for developmental
effects in mice (drinking water route) was evaluated in the
EU RAR and considered suitable for the assessment of
secondary poisoning and the derivation of a PNECoral.
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Study and result Details

Although Cr(VI) is a known human and mammalian carcinogen, and Cr(III) a possible human
carcinogen (via the inhalation route), no such classifications can be made for oral exposures.
The 2002 Environment Agency/Defra report states that the carcinogenic potential of ingested
Cr(VI) cannot be stated due to a lack of high quality data. However, limited studies on Cr(III)
have shown it to be non-carcinogenic [48].

Effects on reproduction of mammals
Elbetieha and Al-Hamood 1997
[62]
Cited in Defra and Environment
Agency 2002 [48]
LOEAL = 150 mg Cr(III)/kg
bw/day

Male and female mice received chromium chloride in their
drinking water for 12 weeks, at a corresponding dose of
150 mg Cr(III)/kg bw/day. The LOAEL was based on
reduced fertility observed at this dose.

Elbetieha and Al-Hamood 1997
[62]
Cited in Defra and Environment
Agency 2002 [48]
LOEAL = 70 mg Cr(VI)/kg bw/day

Male and female mice received potassium dichromate in
their drinking water for 12 weeks, at corresponding doses
of 70–150 mg Cr(VI)/kg bw/day. The LOAEL was based
on reduced fertility observed at all doses.

ATSDR (2000) [13] did not derive any MRLs for oral chronic exposure to chromium because ‘the
available data on reproductive and developmental effects are insufficient or too contradictory to
establish…chronic…NOAELs or LOAELs’.

The US National Toxicology Program performed a three-part reproductive study on Cr(VI) in
both rats and mice, and found that 20 and 60 mg Cr(VI)/kg bw/day, respectively, were not
reprotoxic [157].

Embryotoxicity and teratogenicity
Kanojia et al. 1996 [86]
Cited in Defra and Environment
Agency 2002 [48]
LOAEL = 40 mg Cr(VI)/kg bw/day

Female rats received potassium dichromate in their
drinking water for 12 weeks at a corresponding maximum
dose of 40 mg Cr(VI)/kg bw/day. At this level, unspecified
foetal, embryo and maternal toxicity was reported.

Ivankovic and Preussmann 1975
[83]
Cited in Defra and Environment
Agency 2002 [48]
NOAEL = 1,500 mg Cr(III)/kg
bw/day

Male and female rats received Cr(III) in their diet for 60
days prior to mating and during the female gestational
period. The NOAEL was based on no adverse
reproductive or developmental effects observed at the
dose tested.

Neurotoxicity to mammals
No data were available on the potential neurotoxic effects of chromium.

Sub-chronic toxicity to birds
Krolickzewska et al. 2004 [89]
NOAEL = 1,355 µg Cr (via Cr
yeast)/kg diet/day

One-day-old male Hubbard-ISA broiler chicks received
chromium (via chromium yeast) in their diets at a
maximum level of approximately 1,355 µg/kg diet
(including the basal dietary level; 30 birds per group). No
adverse toxicity effects were observed apart from
increased body weight, weight gain, feed efficiency and
HDL cholesterol, decreased total cholesterol, LDL
cholesterol, triglycerides and serum glucose. However
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Study and result Details

these latter effects are thought not to be adverse and are
in fact beneficial as they improve the performance of the
chicken. Based on the absence of any observed toxic
effects at the highest dose used, the NOAEL was set at
1,355 µg/kg diet.

Butkauskas and Sruoga 2004 [30]
LOAEL = 0.142 g Cr(VI)/kg diet

Two-month-old male Japanese quail (Coturnix coturnix
japonica) received potassium dichromate in their diets at a
level of 0.142 g/kg diet for 3 months as part of a
reproduction study. Effects observed were decreased
hatchability of F1 embryos when males were mated with
untreated females. However, it is unclear whether any
other possible effects were investigated. Also only one
dose was used; thus, no dose–response relationship was
defined.

Burger and Gochfeld 1995 [29]
LOAEL = 50 mg chromium
nitrate/kg bw (approx. 11 mg
Cr(III)/kg bw)

One-day-old herring gull chicks (Larus argentatus)
received a single intraperitoneal administration of 50 mg
chromium nitrate/kg bw (approximately 11 mg Cr(III)/kg
bw) at 2 days of age. Four to five days post-injection
significant differences were observed in body weight
(decrease), weight gain (decrease), and various
behaviours including begging, righting, balance,
thermoregulation, visual cliff and actual cliff (all inhibited).
However, no immediate toxicity was observed. From these
results it is possible to set a LOAEL, but caution is
necessary as no dose–response relationship was
established.

Long-term toxicity to birds
Rao et al. 1983 [130]
Cited in EU RAR [56]
NOAEL = 40.9 µg Cr(VI)/bird/day

The toxicity of Cr(VI) (as sodium chromate) was studied in
a 1-year feeding study using chickens (Gallus gallus). In
the study, the chickens were fed parboiled rice containing
0.7 mg Cr/kg rice. The estimated average daily intake of
Cr(VI) from the treated rice was 40.9 µg/bird. The control
chickens were fed non-spiked rice, and the background
daily exposure to total chromium from this rice was around
3.5 µg/bird. No effects were seen over this time period on
body weight, organ weights or haematological parameters.
No gross or histological changes attributable to the
exposure were found in liver, spleen, kidneys, heart, lungs
and gonads. Similar results were found in experiments
with mice.

LOAEL = lowest observed adverse effect level

4.5.2 PNECs for secondary poisoning of predators
Chromium(VI) has been shown to be taken up by a wide range of organisms from water,
sediment and soil. For fish, although uptake does occur, the bioconcentration factors for
Cr(VI) are usually very low (~1 l kg-1).
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In the EU RAR [56], a PNECoral for Cr(VI) was derived on the basis of ecologically
relevant effects seen in oral studies with mice. The relevant results are a NOAEL of 20
mg Cr(VI)/kg bw/day for effects on the testes in mouse (oral gavage route) and a LOAEL
of 20 mg Cr(VI)/kg bw/day for developmental effects in mice (drinking water route). For
the purpose of the secondary poisoning assessment, both 20 mg/kg bw/day values are
used as effects were seen at this level in one of the studies.

Converting the NOAEL into a concentration in food (the conversion factor from the TGD
is 8.3) gives a NOEC in food of 166 mg/kg. As the studies with mice are chronic tests, an
assessment factor of 10 was considered appropriate in the EU RAR and a PNEC for
secondary poisoning (secpois) of 17 mg Cr(VI)/kg food was derived. However, the size of
the assessment factors to be used for derivation of the PNECoral was modified during the
course of the TGD revision. The revised edition [152] recommends that the use of an AF
of 30 should be considered. Application of an AF of 30 on the NOECfood would result in a
PNECoral of 5.7 mg Cr(VI)/kg food.

As Cr(VI) taken up from water is transformed to Cr(III) in fish, and presumably in
crustaceans and other invertebrate species, the PNECsecpois should be based on
mammalian and avian toxicity data for Cr(III). However, there is an absence of a suitable
mammalian or avian oral toxicity data for Cr(III). Consequently, it is deemed inappropriate
to base the PNECsecpois  on data for Cr(VI).
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5. Analysis and monitoring

In most ambient environmental and occupational samples, chromium may be present in
both the trivalent and hexavalent oxidation states. Measurements of low levels of
chromium concentrations in water (ng l-1) have been made by specialised methods such
as:

• chelation–extraction atomic absorption spectrometry (AAS) [40];
• inductively coupled plasma mass spectrometry (ICP-MS);
• capillary column gas chromatography (HRGC) of chelated chromium with electron

capture detection (ECD);
• electrothermal vaporisation inductively coupled plasma mass spectrometry [74, 100,

138].

A method using high performance liquid chromatography (HPLC) interfaced with a direct
current plasma emission spectrometer has been used for the determination of Cr(III) and
Cr(VI) in water samples [90]. Direct analysis using AAS or ICP-MS usually provides a
limit of detection of around 1 µg l-1. An alkaline digestion procedure followed by
ultraviolet–visible (UV-vis) spectroscopy has been developed which can quantify Cr(VI) in
soil, sediment and sludge [162]. The preferred methods for digestion of environmental
samples are discussed by Griepink and Toelg (1989) [70].

A number of reviews provide a detailed description of the available analytical methods for
determining chromium in biological samples [58, 81, 82, 154, 159, 173]. The four most
frequently used methods are:

• neutron activation analysis (NAA);
• mass spectrometry (MS);
• graphite spark atomic emission spectrometry (AES);
• graphite furnace atomic absorption spectrometry (GFAAS).

Of these four methods, GFAAS has previously been only readily available in laboratories
with R&D capability (i.e. that would have had state-of-the-art equipment), although ICP-
MS is now becoming the method of choice in commercial laboratories. GFAAS is capable
of determining chromium levels in biological samples when an appropriate background
correction method is used [69, 127, 155, 167]. Depending on the matrix analysed, limits
of detection of less than 0.1 µg/kg can be achieved using this method.

The lowest proposed PNEC derived for freshwaters and saltwaters for either Cr(VI) or
Cr(III) is 0.47 µg l-1. To provide adequate precision and accuracy, the data quality
requirements are that, at a third of the EQS, total error of measurement should not
exceed 50 per cent. From the literature, it can be seen that analytical methodologies
provide detection limits as low as 1 µg l-1, which suggests that current analytical
methodologies may not offer adequate performance to analyse for the lowest derived
PNECs for water.
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6. Conclusions

6.1 Availability of data

Substantial short-term and long-term ecotoxicological datasets are available that
describe the effects of Cr(III) and Cr(VI) compounds for a wide variety of organisms
(freshwater and marine fish, invertebrates, algae, plants and amphibians). Saltwater data
are available only for Cr(VI) compounds from studies with algae, crustaceans, fish and
echinoderms. There are few reliable ecotoxicological data for saltwater organisms
exposed to Cr(III).

6.2 Derivation of PNECs

The EU RAR [56] adopted a total risk approach as almost all hexavalent chromium
[Cr(VI)] in the environment is of anthropogenic origin and natural background levels of
Cr(VI) are, therefore, negligible.

Because of the low solubility and hence reduced availability of Cr(III) species, there
would seem to be little requirement for thresholds for Cr(III). However, if such standards
were needed, the added risk approach could be recommended to take account of spatial
differences in natural chromium background levels if the background concentrations were
significantly lower than those of the derived PNEC. Sufficient data are available to permit
the derivation of freshwater PNECs for Cr(III), but there are insufficient data to derive
saltwater PNECs.

Long-term studies with freshwater invertebrates do not show any clear dependence of
Cr(VI) toxicity on the properties of the water. Relationships between hardness and
toxicity have been described for divalent metal cations but, because the chromium
species here are oxoanions, their toxicity may be less influenced by water properties.
Detailed relationships between the behaviour of chromium and environmental factors
were not developed in the EU RAR and it is accepted that the data do not warrant
normalisation of chromium toxicity for water quality parameters.

PNECs for Cr(III) were developed in the EU RAR but, due to a lack of saltwater toxicity
data, only for the protection of freshwater organisms. There are no existing EQSs
specifically for Cr(III).

The outcomes of the EU RAR have been subject to extensive peer review and the UK is
committed to the use of these data for chemical risk assessment purposes. RAR PNECs
have also been adopted for the derivation of the Water Framework Directive Annex X
EQSs. Consequently, the available RAR PNECs have been adopted as the
corresponding proposed PNECs in this document.

The proposed PNECs are described below and summarised in Table 6.1.
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6.2.1 Long-term PNEC for freshwaters

Chromium(VI)
There are sufficient long-term data to construct a species sensitivity distribution and to
estimate a threshold based on the lower 5th percentile from the model fitted to the
ranked NOEC data (the HC5). Indeed, this is the basis of the PNECfreshwater_lt

recommended in the EU RAR. In accordance with the Annex V methodology, an
assessment factor of 3 is applied to the HC5 to reflect the substantial taxonomic spread
in the available dataset and the fact that there was considered to be a reasonable fit of
the available data to the model. The resulting PNECfreshwater_lt of 3.4 µg l-1 Cr(VI).

The external peer review group considering PNECs for consideration as Annex VIII
EQSs took issue with the last assertion and suggested that the data actually reflected
two distinct distributions. There was also a lack of consensus about the validity of the
SSD approach, even though it is an accepted approach for chemical risk assessment
and allowed under the Annex V methodology.

A separate PNECfreshwater_lt can also be derived using the deterministic (critical
data/assessment factor) approach. This value is more stringent, being based on an
assessment factor of 10 applied to the lowest reliable NOEC of 4.7 µg l-1 for reproduction
of the cladoceran Ceriodaphnia dubia, i.e. a PNECfreshwater_lt of 0.47 µg l-1 Cr(VI). This is
the lowest factor permitted under the Annex V approach for laboratory data, even with a
substantial dataset.

The existing EQSs for chromium are banded according to water hardness, with values
ranging between 5 and 50 µg l-1 as dissolved chromium for the protection of ‘sensitive
taxa’. The PNECfreshwater_lt derived from the SSD is comparable with the most stringent
value from this range, but the PNECfreshwater_lt based on a deterministic approach is at
least 10 times more stringent.

Chromium(III)
The lowest reliable chronic NOEC values are 0.05 mg l-1 for rainbow trout (Oncorhynchus
mykiss) and 0.047 mg l-1 for Daphnia magna from studies using soft water. Long-term
toxicity data are available for representatives of at least three different taxonomic groups,
permitting the use of an assessment factor of 10. Applying this factor to the lowest
available NOEC gives a PNECfreshwater_lt of 4.7 µg l-1 Cr(III).

6.2.2 Short-term PNEC for freshwaters

Chromium(VI)
The lowest valid acute EC50 (20 µg l-1) is for immobilisation of the crustacean Moina
australiensis after 48-hour exposure. Similar effect concentrations were evident from
acute studies with other crustaceans, molluscs and annelids. A small assessment factor
is justified because:

• acute effects values of the most sensitive species are close to the lowest chronic
effects values (i.e. a low acute to chronic effects ratios);

• a broad range of taxonomic groups is represented by the acute dataset.

This results in a PNECfreshwater_st of 2 µg l-1 Cr(VI).
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There is no existing short-term EQS for chromium.

Chromium(III)
Based on the available toxicity data for Cr(III), algae are the most sensitive organisms.
The lowest EC50 of 0.32 mg l-1 is reported for Selenastrum capricornutum biomass gain
over 96 hours. For invertebrates, the lowest L(E)C50 values are in the range of 1–15
mg l-1 and, for fish, the lowest acute LC50 is 3.33 mg l-1. Given the availability of data for
a number of taxa, an assessment factor of 10 applied to the EC50 of 0.32 mg l-1 for
Selenastrum capricornutum is recommended, resulting in a  PNECfreshwater_st of 32 µg l-1

Cr(III).

6.2.3 Long-term PNEC for saltwaters

Chromium(VI)
The lowest available NOEC of 4–6 µg l-1 in Mytilus edulis is unbounded (highest
concentration tested) and consequently unsuitable for PNEC derivation. The next lowest
value, a 2-week NOECmortality of 6 µg l-1 in Nereis arenaceodentata was regarded as valid
for PNEC derivation in the EU RAR. Since reliable long-term data are also available for
five other taxa, an assessment factor of 10 can be justified, leading to a PNECsaltwater_lt of
0.6 µg l-1 Cr(VI).

The existing EQS for the protection of marine organisms is 15 µg l-1 dissolved chromium,
based on a range of acute and chronic data to which no assessment factor was applied.
The proposed PNECsaltwater_lt is lower by a factor of ~30, reflecting both the availability of
new data and the assessment factor used.

6.2.4 Short-term PNEC for saltwaters

Chromium(VI)
A 96-hour LC50 of 0.32 mg l-1 obtained with Callinectes sapidus is the basis for the
derivation of the PNECsaltwater_st. An assessment factor of 10 is considered adequate to
extrapolate to the PNEC because good quality data are available for algae, crustaceans
and echinoderms. Although acute data for saltwater fish are lacking, chronic data indicate
they are unlikely to be the most sensitive group. In addition, the resulting PNEC will be in
the range of the lowest NOECs obtained for species with a short life-cycle such as algae
and crustaceans. The proposed PNECsaltwater_st of 32 µg l-1 Cr(VI).

There is no existing short-term EQS for chromium.

6.2.5 PNEC for secondary poisoning
There are avian and mammalian toxicity data for Cr(VI)but not Cr(III). Although there is
evidence of bioaccumulation of chromium, in fish and possibly other biota, Cr(VI) is
reduced to Cr(III). It is not possible to derive a PNECsecpois for Cr(III) as there are no
mammalian or avian toxicity data for this form.

6.2.6 PNEC for sediments
There are insufficient sediment toxicity data to derive a sediment PNEC for chromium.
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Table 6.1 Summary of proposed PNECs

Receiving
medium/exposure
scenario

Proposed PNEC
(µg l-1 dissolved)

Existing EQS (µg l-1 total
dissolved chromium)

Chromium(VI)
Freshwater/long-term 0.47 (det), 3.4 (SSD) Range from 5–50,

depending on hardness
Freshwater/short-term 2 No standard
Saltwater/long-term 0.6 15
Saltwater/short-term 32 No standard
Chromium(III)
Freshwater/long-term 4.7 -
Freshwater/short-term 32 -
Saltwater/long-term No proposal -
Saltwater/short-term No proposal -

6.3 Analysis

The lowest proposed PNEC derived for chromium is 0.47 µg l-1. Current analytical
methodologies provide detection limits as low as 1 µg l-1. Since the data quality
requirements are that, at a third of the EQS, total error of measurement should not
exceed 50 per cent, they may not offer adequate performance to analyse for the lowest
TGD-derived PNECs for water.

6.4 Implementation issues

Before PNECs for chromium can be adopted as EQSs, it will be necessary to address
the following issues:

Chromium(VI)
1. The proposed PNECs for the protection of freshwater organisms from long-term

exposure to Cr(VI) are suitable for adoption as EQSs. However, risks from Cr(VI) are
greater than from Cr(III) and should, therefore, take priority.

2. The PNEC derived using the SSD approach is preferred over the PNEC obtained by
application of an assessment factor to critical data. Whilst the use of an SSD is a
legitimate option within the Annex V methodology, this approach was not unanimously
supported by the EQS peer review panel.

3. Analytical sensitivity may not be adequate for assessing compliance with the PNECs
for Cr(VI) and so further method development may be necessary before PNECs can
be adopted as EQSs.

4. Existing EQSs are recommended as interim standards whilst this work is being
undertaken.
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Chromium(III)
1. Risks from Cr(III) are small so any EQSs may be required only in exceptional

circumstances.

2. Because background levels of Cr(III) are low, an added risk approach may be
recommended, but would first require an appreciation of background concentrations
of Cr(III) at a defined range of scales.

3. Since there is no existing EQS, there can be no interim standard for Cr(III) whilst this
work is being undertaken.



Science Report Proposed EQS for chromium76

References & Bibliography

1. Bookhout C G, Monroe R J, Forward R B and Costlow J D, 1984 Effects of
hexavalent chromium on development of crabs, Rhithropanopeus harrisii and
Callinectes sapidus. Water Air and Soil Pollution, 21, 199–216.

2. Abbasi S A and Soni R, 1984 Toxicity of lower than permissible levels of chromium
(VI) to the freshwater teleost Nuria denricus. Environmental Pollution Series A
Ecological Biology, 36, No. 1, 75–82.

3. Abbasi S A, Baji V, Madhavan K and Soni R, 1991 Impact of chromium (VI) on
catfish Wallago attu. Indian Journal of Environmental Health, 33, No. 3, 336–340.

4. Adema D M M, Canton J H, Slooff W and Hanstveit A O, 1981 Research for a
useful combination of test methods to determine the aquatic toxicity of
environmentally dangerous chemicals. Report No. CL81/100. Bilthoven, the
Netherlands: National Institute of Public Health and Environmental Hygiene (RIVM).

5. Ahsanullah M and Williams A R, 1991 Sublethal effects and bioaccumulation of
cadmium, chromium, copper and zinc in the marine amphipod Allorchestes
compressa. Marine Biology, 108, 59–65.

6. Aldenberg T and Jaworska J S, 2000 Uncertainty of the hazardous concentration
and fraction affected for normal species sensitivity distributions. Ecotoxicology and
Environmental Safety, 46, 1–18.

7. Aldenberg T and Luttik R, 2002 Extrapolation factors for tiny toxicity data sets from
species sensitivity distributions with known standard deviation. In Species
Sensitivity Distributions in Ecotoxicology (ed. L Posthuma, G W Suter II, T P Traas),
pp. 103–118. Boca Raton, FL: Lewis Publishers.

8. Andersen H R, Wollenberger L , Halling-Sorensen B and Kusk K O, 2001
Development of copepod nauplii to copepodites – a parameter for chronic toxicity
including endocrine disruption. Environmental Toxicology and Chemistry, 20, 2821–
2829.

9. Anderson R, Bryden N and Polansky M, 1997 Lack of toxicity of chromium chloride
and chromium picolinate in rats. Journal of the American College of Nutrition, 113,
276–281.

10. Anestis I and Neufeld R J, 1986 Avoidance-preference reactions of rainbow trout
(Salmo gairdneri) after prolonged exposure to chromium(VI). Water Research, 20,
No. 10, 1233–1241.

11. Anwar R, Langham R, Hoppert C, Alfredson B and Byerrum R, 1961 Chronic
toxicity studies. III. Chronic toxicity of cadmium and chromium in dogs. Archives of
Environmental Health, 3, 456–460.



Science Report Proposed EQS for chromium 77

12. Arillo A, Margiocco C, Melodia F and Mensi P, 1982 Biochemical effects of long
term exposure to Cr, Cd, Ni on rainbow trout (Salmo gairdneri Rich.). Influence of
sex and season. Chemosphere, 11, No. 1, 47–57.

13. Agency for Toxic Substances and Disease Registry (ATSDR), 2000 Toxicological
profile for chromium. Atlanta, GA: ATSDR, US Department of Health and Human
Services.

14. Azeez P A and Banerjee D K, 1987 Influence of light on chlorophyll a content of
blue-green algae treated with heavy metals. Bulletin of Environmental
Contamination and Toxicology, 38, No. 6, 1062–1069.

15. Barron M G and Adelman I R, 1984 Nucleic acid, protein content and growth of
larval fish sublethally exposed to various toxicants. Canadian Journal of Fish and
Aquatic Science, 41, No. 1, 141–.150

16. Benhra A, Radetski C M and Ferard J F, 1997 Cryoalgotox: use of cryopreserved
alga in a semistatic microplate test. Environmental Toxicology and Chemistry, 16,
505–508.

17. Benoit D A, 1976 Toxic effects of hexavalent chromium on brook trout (Salvelinus
fontinalis) and rainbow trout (Salmo gairdneri). Water Research, 10, 497–500.

18. Billard R and Roubaud P, 1985 The effect of metals and cyanide on fertilization in
rainbow trout (Salmo gairdneri). Water Research, 19, No. 2, 209–214.

19. Birge W J, 1978 Aquatic toxicology of trace elements of coal and fly ash. In
Department of Energy (DOE) Symposium Series Energy and Environmental Stress
in Aquatic Systems (Augusta, GA, 1977), edited by J H Thorp and J W Gibbons, 48,
219–240. Springfield, VA: DOE.

20. Birge W J, Hudson J E, Black J A and Westerman A G, 1978 Embryo-larval
bioassays on inorganic coal elements and in situ biomonitoring of coal-waste
effluents. In Proceedings of US Fish and Wildlife Service Symposium on Surface
Mining and Fish/Wildlife Needs in Eastern United States, edited by D E Samuel, J R
Stauffer, C H Hocutt and W T Mason, 97–104. Washington, DC: US Fish and
Wildlife Service.

21. Birge W J, Black J A, Westerman A G and Hudson J E, 1980 Aquatic toxicity tests
on inorganic elements occurring in oil shale. In Proceedings of Symposium on Oil
Shale Sampling, Analysis and Quality Assurance (1979), edited by C Gale, 519–
534. EPA-600/9-80-022. Cincinnati, OH: US Environmental Protection Agency.

22. Birge W J, Black J A and Westerman A G, 1979 Evaluation of aquatic pollutants
using fish and amphibian eggs as bioassay organisms. In Proceedings of
Symposium on Animals as Monitors of Environmental Pollutants (1977), edited by C
T Storrs, S W Nielsen, G Migaki, and D G Scarpelli, 108–118. Washington, DC:
National Academy of Sciences.

23. Bookhout C G, Monroe R J, Forward R B and Costlow J D, 1984 Effects of soluble
fractions of drilling fluids on development of crabs, Rhithropanopeus harrisii and
Callinectes sapidus. Water Air and Soil Pollution, 21, 183–197.



Science Report Proposed EQS for chromium78

24. Bringmann G, 1975 Determination of the biologically harmful effect of water
pollutants by means of the retardation of cell proliferation of the blue algae
microcystis [In German; English translation]. Gesundheits Ingenieur, 96, No. 9,
238–241.

25. Bringmann G and Kühn R, 1978 Testing of substances for their toxicity threshold:
model organisms Microcystis (Diplocystis) aeruginosa and Scenedesmus
quadricauda. Mitteilungen. Internationale Vereiningung für Theoretische und
Angewandte Limnologie, 21, 275–284.

26. Bringmann G and Kühn R, 1978 Limiting values for the noxious effects of water
pollutant material to blue algae (Microcystis aeruginosa) and green algae
(Scenedesmus quadricauda) in cell propagation inhibition test. Vom Wasser, 50,
45–60.

27. Broderius S J and Smith L L, 1979 Lethal and sublethal effects of binary mixtures of
cyanide and hexavalent chromium, zinc, or ammonia to the fathead minnow
(Pimephales promelas) and rainbow trout (Salmo gairdneri). Journal of the
Fisheries Research Board of Canada, 36, 164–172.

28. Bryant V D, McLusky S, Roddie K and Newbery D M, 1984 Effect of temperature
and salinity on the toxicity of chromium to three estuarine invertebrates (Corophium
volutator, Macoma balthica, Nereis diversicolor). Marine Ecology Progress Series,
20, 137–149.

29. Burger J and Gochfeld M, 1995 Growth and behavioural effects of early postnatal
chromium and manganese exposure in herring gull (Larus argentatus) chicks.
Pharmacology Biochemistry and Behavior, 50, No. 4, 607–612.

30. Butkauskas D and Sruoga A, 2004 Effect of lead and chromium on reproductive
success of Japanese quail. Environmental Toxicology, 19, 412–415.

31. Byl T D, Sutton H D and Klaine S J, 1994 Evaluation of peroxidase as a
biochemical indicator of toxic chemical exposure in the aquatic plant Hydrilla
verticillata, Royle. Environmental Toxicology and Chemistry, 13, 509–515.

32. Cairns J Jr, 1957 Environment and time in fish toxicity. Industrial Wastes, 2, No. 1,
1–4.

33. Call D J, Brooke L T, Ahmad N and Vaishnav D D, 1981 Aquatic pollutant hazard
assessments and development of a hazard prediction technology by quantitative
structure–activity relationships. Second Quarterly Report, US EPA Co-operative
Agreement No. CR 809234-01-0. Superior, WI: Center for Lake Superior
Environmental Studies, University of Wisconsin-Superior.

34. Carriquiriborde P and Ronco A, 2002 Sensitivity of the neotropical teleost
Odonthestes bonariensis (pisces, atherinidae) to chromium(VI), copper(II), and
cadmium(II). Bulletin of Environmental Contamination and Toxicology, 69, 294–301.

35. Chapman G A, et al. Effects of water hardness on the toxicity of metals to Daphnia
magna. Unpublished manuscript quoted in US EPA 1985. Corvallis, OR: Great
Lakes Environmental Center.



Science Report Proposed EQS for chromium 79

36. Chen B and Chen M, 1990 Acute toxicity of arsenic, phenol, mercury and chromium
to the larvae of Penaeus orientali [In Chinese; English abstract]. Marine
Sciences/Haiyang Kexue, 3, 51–53.

37. Christensen E R and Nyholm N, 1984 Ecotoxicological assays with algae: Weibull
dose-response curves. Environmental Science and Technolology, 18, 713–718.

38. Christensen E R, Chen C-Y and Kroeger S R, 1983 Algal growth under single and
multiple toxicant stress. In Proceedings of the Fourth International Conference on
Heavy Metals in the Environment, Volume 1, 662–665. Edinburgh: CEP
Consultants.

39. Comber M H I, Smyth D V and Thompson R S, 1995 Assessment of the toxicity to
algae of colored substances. Bulletin of Environmental Contamination and
Toxicology, 55, 922–928.

40. Comber S D W and Gardner M J, 2003 Chromium redox speciation in natural
waters. Journal of Environmental Monitoring, 5, No. 3, 410–413.

41. Coniglio L and Baudo R, 1989 Life-tables of Daphnia obtusa (Kurz) surviving
exposure to toxic concentrations of chromium. Hydrobiologia, 188/189, 407–410.

42. Corradi M G, Gorbi G, Abd-El-Monem H M, Torelli A and Bassi M, 1998 Exudates
from the wild type and a Cr-tolerant strain of Scenedesmus acutus influence
differently Cr(VI) toxicity to algae. Chemosphere, 37, 3019–3025.

43. Crommentuijn T, Polder M D and van de Plassche E J, 1997 Maximum permissible
concentrations and negligible concentrations for metals, taking background
concentrations into account. RIVM Report No. 601501001. Bilthoven, the
Netherlands: National Institute of Public Health and the Environment (RIVM).

44. Cui K, Liu Y and Hou L, 1987 Effects of six heavy metals on hatching eggs and
survival of larvae of marine fish [In Chinese; English abstract]. Oceanologia et
Limnologia Sinica/Haiyang Yu Huzhao, 18, No. 2, 138–144.

45. Dannenberg R, 1984 Erfahrungen mit einem limnischen Hydroidentest. Zeitschrift
für Wasser und Abwasser Forschung, 17, 16–19.

46. De Graeve G M, Cooney J D, Marsh B H, Polluck T L and Reichenbach N G, 1992
Variability in the performance of the 7-d Ceriodaphnia dubia survival and
reproduction test an intra-and interlaboratory study. Environmental Toxicology and
Chemistry, 11, 851–866.

47. De Graeve G M, Cooney J D, McIntyre D O, Pollock T L, Reichenbach N G, Dean J
H and Marcus M D, 1991 Variability in the performance of the 7-day fathead
minnow (Pimephales promelas) larval survival and growth test – an intralaboratory
and interlaboratory study. Environmental Toxicology and Chemistry, 10, 1189–1203.

48. Department for Environment, Food and Rural Affairs (Defra) and the Environment
Agency, 2002 Contaminants in soil: collation of toxicological data and intake values
for humans. Chromium. R&D Publication TOX 4. Bristol: Environment Agency.



Science Report Proposed EQS for chromium80

49. Diamantino T C, Guilhermino L, Almeida E and Soares A, 2000 Toxicity of sodium
molybdate and sodium dichromate to Daphnia magna Straus evaluated in acute,
chronic, and acetylcholinesterase inhibition tests. Ecotoxicology and Environmental
Safety, 45, 253–259.

50. Dyer S D, Dickson K L and Zimmerman E G, 1993 A laboratory evaluation of the
use of stress proteins in fish to detect changes in water quality. In Environmental
Toxicology and Risk Assessment (ed. G W Landis, J S Hughes and M A Lewis), pp.
247–261. ASTM STP 1179. West Conshohocken, PA: American Society for Testing
and Materials (ASTM).

51. Elderfield H, 1970 Earth planet. Science Letter, 9, 10–16.

52. Elnabarawy M T, Welter A N and Robideau R R, 1986 Relative sensitivity of three
Daphnid species to selected organic and inorganic chemicals. Environmental
Toxicology and Chemistry, 5, No. 4, 393–398.

53. Enserink L, Delahaye M and Maas H, 1993 Reproductive strategy of Daphnia
magna – implications for chronic toxicity tests. Aquatic Toxicology, 25, 111–123.

54. European Chemicals Bureau (ECB), 2005 European Chemical Substances
Information System (ESIS). Version 3.40, July 2005. Available from:
http://ecb.jrc.it/existing-chemicals/ ⇒ ESIS-button [Accessed 5 February 2007]

55. Van Vlaardingen P L A, Traas T P, Wintersen A M and Aldenberg T, 2004 ETX 2.0. A
program to calculate hazardous concentrations and fraction affected, based on
normally distributed toxicity data. Report No. 601501028/2004. Bilthoven, the
Netherlands: National Institute for Public Health and the Environment (RIVM).

56. European Commission, 2005 European Union Risk Assessment Report: Chromium
trioxide, sodium chromate, sodium dichromate, ammonium dichromate, potassium
dichromate. Series: 3rd Priority List, Volume 53. Final Report June 2005. EUR
21508 EN. European Chemicals Bureau, Institute for Health and Consumer
Protection. Luxembourg: Office of Official Publications of the European
Communities. Available from: http://ecb.jrc.it/DOCUMENTS/Existing-
Chemicals/RISK_ASSESSMENT/REPORT/chromatesreport329.pdf [Accessed 24
February 2006]

57. Ferard J F, Vasseur P and Jouany J M, 1983 Value of dynamic tests in acute
ecotoxicity assessment in algae. In Proceedings of the Ninth Annual Aquatic
Toxicity Workshop, edited by W C McKay, 38–56. Canadian Technical Report of
Fisheries and Aquatic Sciences No. 1163. Edmonton, Canada: University of Alberta.

58. Fishbein L, 1984 Overview of analysis of carcinogenic and/or mutagenic metals in
biological and environmental samples I. Arsenic, beryllium, cadmium, chromium
and selenium . International Journal of Environmental Analytical Chemistry, 17, 113–
170.

59. Francko D A, Delay L and Al Hamdani S, 1993 Effect of hexavalent chromium on
photosynthetic rates and petiole growth in Nelumbo lutea seedlings. Journal of
Aquatic Plant Management, 31, 29–33.



Science Report Proposed EQS for chromium 81

60. Frey B E, Riedel G F, Bass A E and Small L F, 1983 Sensitivity of estuarine
phytoplankton to hexavalent chromium. Estuarine Coastal and Shelf Science, 17,
181–187.

61. Friis J C, Holm C and Halling-Sorensen B, 1998 Evaluation of elemental
composition of algal biomass as toxical endpoint. Chemosphere, 37, 2665–2676.

62. Elbetieha A and Al-Hamood M H, 1997 Long-term exposure of male and female
mice to trivalent and hexavalent chromium compounds: effect on fertility.
Toxicology, 116, 39–47.

63. Gardner M J and Comber S D W, 2003 Chromium redox speciation in natural
waters. Journal of Environmental Monitoring, 5, 1–5.

64. Gendusa T C, Beitinger T L and Rodgers J H, 1993 Toxicity of hexavalent
chromium from aqueous and sediment sources to Pimephales promelas and
Ictalurus punctatus. Bulletin of Environmental Contamination and Toxicology, 50,
144–151.

65. Goodfellow Jr W L and Rue W J, 1989 Evaluation of a chronic estimation toxicity
test using Mysidopsis bahia. In Aquatic Toxicology and Hazard Assessment (Vol.
12) (ed. U M Cowgill and L R Williams), pp. 333–344. ASTM STP 1027. West
Conshohocken, PA: American Society for Testing and Materials.

66. Gorbi G, Corradi M G, Invidia M, Rivara L and Bassi M, 2002 Is Cr(VI) toxicity to
Daphnia magna modified by food availability or algal exudates? The hypothesis of a
specific chromium/algae/exudates interaction. Water Research, 36, 1917–1926.

67. Govindarajan S, Valsaraj C P, Mohan R, Hariprasad V and Ramasubramanian R,
1993 Toxicity of heavy metals in aquaculture organisms Penaeus indicus, Perna
viridis, Artemia salina and Skeletonema costatum. Pollution Research, 12, No. 3,
187–189.

68. Grande M and Andersen S, 1983 Lethal effects of hexavalent chromium, lead and
nickel on young stages of Atlantic salmon (Salmo salar L.) in soft water. Vatten, 39,
No. 4, 405–416.

69. Greenberg R R and Zeisler R, 1988 A radiochemical procedure for ultratrace
determination of chromium in biological materials. Journal of Radioanalytical and
Nuclear Chemistry, 124, No. 1, 5–20.

70. Griepink B and Tolg G, 1989 Sample digestion for the determination of elemental
traces in matrices of environmental concern. Pure and Applied Chemistry, 61, No.
6, 1139–1146.

71. Hadjispyrou S, Kungolos A and Anagnostopoulos A, 2001 Toxicity, bioaccumulation,
and interactive effects of organotin, cadmium, and chromium on Artemia
franciscana. Ecotoxicology and Environmental Safety, 49, 179–186.

72. Haglund K, Bjorklund M, Gunnare S, Sandberg A, Olander U and Pedersen M,
1996 New method for toxicity assessment in marine and brackish environments



Science Report Proposed EQS for chromium82

using the macroalga Gracilaria tenuistipitata (Gracilariales, Rhodophyta).
Hydrobiologia, 327, 317–325.

73. Halling-Sorensen B, 2000 Algal toxicity of antibacterial agents used in intensive
farming. Chemosphere, 40, No. 7, 731–739.

74. Henshaw J M, Heithmar E M and Hinners T A, 1989 Inductively coupled plasma
mass spectrometric determination of trace elements in surface waters subject to
acidic deposition. Analytical Chemistry, 61, 335–342.

75. Hickey C W, 1989 Sensitivity of four New Zealand cladoceran species and Daphnia
magna to aquatic toxicants. New Zealand Journal of Marine Freshwater Research,
23, 131–137.

76. Hickey C W, Blaise C and Costan G, 1991 Microtesting appraisal of ATP and cell
recovery toxicity end-points after acute exposure of Selenastrum capricornutum to
selected chemicals. Environmental Toxicology and Water Quality, 6, 383–403.

77. Hogendoorn-Roozemond A S, Ten Holder V J H M, Strik J J T W A, Kolar Z and
Koeman J A, 1978 The influence of the pH on the toxicity of hexavalent chromium
to rainbow trout (Salmo gairdnerii). In Aquatic Pollutants Transformation and
Biological Effects. Proceedings of the Second International Symposium on Aquatic
Pollutants, edited by O Hutzinger, I H VanLelyveld and B C J Zoetman, 477–478.
Oxford: Pergamon.

78. Holland G A, Lasater J E, Neumann E D and Eldridge W E, 1960 Toxic effects of
organic and inorganic pollutants on young salmon and trout. State of Washington
Department of Fish (Seattle, WA) Research Bulletin No. 5, 263.

79. Division of Specialized Information Services (SIS) of the US National Library of
Medicine (NLM), 2005 Toxicology Data Network (TOXNET®): Hazardous
Substances Data Bank (HSDB®) [online]. Bethesda, MD: SIS.
http://toxnet.nlm.nih.gov/  [Accessed 5 February 2007]

80. Hutchinson T H, Williams T D and Eales G J, 1994 Toxicity of cadmium, hexavalent
chromium and copper to marine fish larvae (Cyprinodon variegatus ) and copepods
(Tisbe battagliai). Marine Environmental Research, 38, 275–290.

81. O'Neill I K, Schuller P and Fishbein L, 1986 Editors Environmental Carcinogens.
Methods of Analysis and Exposure Measurement. Volume 8. Some Metals: As, Be,
Cd, Cr, Ni, Pb, Se, Zn, (i) 141–158; (ii) 291–317; (iii) 433–440. IARC Scientific
Publications No. 71. Lyon, France: World Health Organization, International Agency
for Research on Cancer (IARC).

82. International Agency for Research on Cancer (IARC), 1990 Chromium, nickel and
welding. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans,
Volume 49, 49–256. Lyon, France: World Health Organization, IARC.

83. Ivankovic S and Preussmann R, 1975 Absence of toxic and carcinogenic effects
after administration of high doses of chromium oxide pigment in subacute and long-
term feeding experiments in rats. Food and Cosmetics Toxicology, 13, 347–351.



Science Report Proposed EQS for chromium 83

84. James B R and Bartlett R J, 1983 Behavior of chromium in soils. V. Fate of
organically-complexed Cr (III) added to soil. Journal of Environmental Quality, 12,
169–172.

85. Jop K M, 1989 Acute and rapid chronic toxicity of hexavalent chromium to five
marine species. In Aquatic Toxicology and Hazard Assessment (Vol. 12) (ed. U M
Cowgill and L R Williams), pp. 251–260. ASTM STP 1027. West Conshohocken,
PA: American Society for Testing and Materials (ASTM).

86. Kamojia R, Junaid M and Murthy R, 1996 Chromium induced teratogenicity in
female rat. Toxicology Letters, 89, 207–213.

87. Klimisch H-J, Andreae M and Tillmann U, 1997 A systematic approach for
evaluating the quality of experimental toxicological and ecotoxicological data.
Regulatory Toxicology and Pharmacology, 25, 1–5.

88. Kranz H and Gercken J, 1987 Effects of sublethal concentrations of potassium
dichromate on the occurrence of splenic melano-macrophage centers in juvenile
plaice, Pleuronectes platessa, L. Journal of Fish Biology, 31, 75–80.

89. Kroliczewska B, Zawadzki W, Dobrzanski Z and Kaczmarek-Oliwa A, 2004
Changes in selected serum parameters of broiler chickens fed supplemental
chromium. Journal of Animal Physiology and Animal Nutrition, 88, 393–400.

90. Krull I S, Panaro K W and Gershman L L, 1983 Trace analysis and speciation for
Cr(VI) and Cr(III) via HPLC-direct current plasma emission spectroscopy (HPLC-
DCP). Journal of Chromatographic Science, 21, 460–472.

91. Kühn R and Pattard M, 1990 Results of the harmful effects of water pollutants to
green algae (Scenedesmus subspicatus) in the cell multiplication inhibition test.
Water Research, 24, 31–38.

92. Kühn R, Pattard M, Pernak K D and Winter A, 1988 Schadstoffwirkungen von
Umweltchemikalien im Daphnien-Reproduktions-Test als Grundlage für die
Bewertung der Umweltgefaehrlichkeit in aquatischen Systemen. Report No.
10603052. Berlin: Institutes für Wasser, Boden- und Lufthygiene des
Bundesgesundheitsamtes.

93. Kühn R, Pattard M, Pernak K D and Winter A, 1989 Results of the harmful effects of
water pollutants to Daphnia magna in the 21 day reproduction test. Water
Research, 23, 501–510.

94. Lussier S M, Gentile J H and Walker J, 1985 Acute and chronic effects of heavy
metals and cyanide on Mysidopsis bahia (Crustacea, Mysidacea). Aquatic
Toxicology, 7, 25–35.

95. MacDonald J M, Shields J D and Zimmer-Faust R K, 1988 Acute toxicities of eleven
metals to early life-history stages of the yellow crab Cancer anthonyi. Marine
Biology, 98, No. 2, 201–207.

96. MacKenzie R, Byerrum R, Decker C, Hoppert C and Langham R, 1958 Chronic
toxicity studies. II. Hexavalent and trivalent chromium administered in drinking



Science Report Proposed EQS for chromium84

water to rats. American Medical Association Archives of Industrial Health, 18, 232–
234.

97. Madoni P, Davoli D and Gorbi G, 1994 Acute toxicity of lead, chromium and other
heavy metals to ciliates from activated sludge plants. Bulletin of Environmental
Contamination and Toxicology, 53, 420–425.

98. Mallick N, Shardendu P and Rai L C, 1996 Removal of heavy metals by two free
floating aquatic macrophytes. Biomedical and Environmental Science, 9, No. 4,
399–407.

99. Manelis R, Hornung H, Fishelson L and Yawetz A, 1993 The effects of exposure to
heavy metal ions on cytochrome-B5 and components of the mixed function
oxidases from the digestive gland microsomes of the mollusk Monodonta turbinata.
Water Science and Technology, 27, 473–480.

100. Malinski T, Fish J and Matusiewicz H, 1988 Determining ultratrace metal
concentrations by inductively coupled plasma emission spectrometry. American
Water Works Association Journal, 80, 81–85.

101. Manzo S, 2004 Sea urchin embryotoxicity test proposal for a simplified bioassay.
Ecotoxicology and Environmental Safety, 57, 123–128.

102. McCulloch W L and Rue W J, 1989 Evaluation of seven-day chronic toxicity
estimation test using Cyprinodon variegatus. In Aquatic Toxicology and Hazard
Assessment (Vol. 12) (ed. U M Cowgill and L R Williams), pp. 355–364. ASTM STP
1027. West Conshohocken, PA: American Society for Testing and Materials
(ASTM).

103. Mearns A J, Oshida P S, Sherwood M J, Young D R and Reish D J, 1976 Chromium
effects on coastal organisms. Journal of Water Pollution Control Federation, 48, No.
8, 1929–1939.

104. Meisch H-U and Schmitt-Beckmann I, 1979 Influence of tri and hexavalent
chromium on two Chlorella strains. Zeitschrift für Pflanzenphysiologie, 94, 231–239.

105. Budavari S, O'Neil M J, Smith A, Heckelman P E and Kinneary J F , 1996 Editors
The Merck Index: An Encyclopaedia of Chemicals, Drugs, and Biologicals (12th
edn.). Rahway, NJ: Merck & Co., Inc.

106. Missimer C L, Lemarie D P and Rue W L, 1989 Evaluation of a chronic estimation
toxicity test using Skeletonema costatum. In Aquatic Toxicology and Hazard
Assessment (Vol. 12) (ed. U M Cowgill and L R Williams), pp. 345–354. ASTM STP
1027. West Conshohocken, PA: American Society for Testing and Materials
(ASTM).

107. Mortimer M R and Miller G J, 1994 Susceptibility of larval and juvenile instars of the
sand crab, Portunus pelagicus  (L), to sea-water contaminated by chromium, nickel
or copper.  Australian Journal of Marine and Freshwater Research, 45, 1107–1121.



Science Report Proposed EQS for chromium 85

108. Mount DI, 1982 Description of the toxicity tests performed on Cr+6 using
Cladocerans. Duluth, MN: US Environmental Protection Agency (US EPA). [Memo
to C. Stephan, US EPA, Duluth, MN, as cited in ECOTOX database].

109. Mount D I and Norberg T J, 1984 A seven-day life-cycle cladoceran toxicity test.
Environmental and Toxicological Chemistry, 3, No. 3, 425–434.

110. Munzinger A and Monicelli F, 1992 Heavy metal co-tolerance in a chromium tolerant
strain of Daphnia magna. Aquatic Toxicology, 23, No. 3/4, 203–216.

111. Nalecz-Jawecki G and Sawicki J, 1998 Toxicity of inorganic compounds in the
Spirotox test: a miniaturized version of the Spirostomum ambiguum  test. Archives of
Environmental Contamination and Toxicology, 34, No. 1, 1–5.

112. National Academy of Sciences (NAS), 1974 Medical and Biological Effects of
Environmental Pollutants: Chromium. Washington, DC: National Academy Press.

113. Norberg-King T J, 1989 An evaluation of the fathead minnow seven-day subchronic
test for estimating chronic toxicity. Environmental Toxicology and Chemistry, 8, No.
11, 1075–1089.

114. Nyholm N, 1991 Toxic effects on algal phosphate uptake. Environmental Toxicology
and Chemistry, 10, 581–584.

115. Olson P A, 1958 Comparative toxicity of Cr(VI) and Cr(III) in salmon, (i) 215–218.
Biological Research – Annual Report 1957. HW-53500. Richland, WA: Hanford
Atomic Products Operation.

116. Olson P A and Foster R F, 1957 Further studies on the effect of sodium dichromate
on juvenile chinook salmon, (i) 214–224. Biological Research – Annual Report
1956. HW-47500. Richland, WA: Hanford Atomic Products Operation.

117. Olson P A and Foster R F, 1956. Effect of chronic exposure to sodium dichromate
on young chinook salmon and rainbow trout, (i) 35–48. Biological Research –
Annual Report 1955. HW-41500. Richland, WA: Hanford Atomic Products
Operation.

118. O'Neill J G, 1981 The humoral immune response of Salmo trutta L. and Cyprinus
carpio L. exposed to heavy metals. Journal of Fish Biology, 19, 297–306.

119. Oshida P S and Word L S, 1982 Bioaccumulation of chromium and its effects on
reproduction in Neanthes arenaceodentata (Polychaeta). Marine Environmental
Research, 7, 167–174.

120. Oshida P S, Word L S and Mearns A J, 1981 Effects of hexavalent and trivalent
chromium on the reproduction of Neanthes arenaceodentata (Polychaeta). Marine
Environmental Research, 5, 41–49.

121. Oshida P S, Mearns A J, Reish D J and Word C S, 1976 The effects of hexavalent
and trivalent chromium on Neanthes arenaceodentata (Polychaeta annelida).
Project No. TM225. El Segundo, CA: Southern California Coastal Water Research.



Science Report Proposed EQS for chromium86

122. Patrick R, Cairns J Jr and Scheier A, 1968 The relative sensitivity of diatoms, snails,
and fish to twenty common constituents of industrial wastes. Progressive Fish-
Culturist, 30, No. 3, 137–140.

123. Pickering Q H, 1980 Chronic toxicity of hexavalent chromium to the fathead minnow
(Pimephales promelas). Archives of Environmental Contamination and Toxicology,
9, 405–413.

124. Pickering Q H, 1988 Evaluation and comparison of two short-term fathead minnow
tests for estimating chronic toxicity. Water Research, 22, No. 7, 883–893.

125. Pickering Q H and Lazorchak J M, 1995 Evaluation of the robustness of the fathead
minnow, Pimephales promelas, larval survival and growth test, U.S. EPA Method
1000.0. Environmental Toxicology and Chemistry, 14, No. 4, 653–659.

126. Pillard D A, Rocchio P M, Cassidy K M, Stewart S M and Vance B D, 1987
Hexavalent chromium effects on carbon assimilation in Selenastrum capricornutum.
Bulletin of Environmental Contamination and Toxicology, 38, No. 4, 715–721.

127. Plantz M R, Fritz J S, Smith F G and Houk R S, 1989 Separation of trace metal
complexes for analysis of samples of high salt content by inductively coupled
plasma mass spectrometry. Analytical Chemistry, 61, 149–153.

128. Radetski C M, Ferard J F and Blaise C, 1995 A semistatic microplate-based
phytotoxicity test. Environmental Toxicology and Chemistry, 14, No. 2, 299–302.

129. Rai U N, Tripathi R D and Kumar N, 1992 Bioaccumulation of chromium and toxicity
on growth, photosynthetic pigments, photosynthesis, in vivo nitrate reductase
activity and protein content in a chlorococcalean green alga Glaucocystis
nostochinearum Itzigsohn. Chemosphere, 25, 1721–1732.

130. Rao C N, Vijayaraghavan M and Rao B S N, 1983 Effect of long-term feeding of
chromate treated parboiled rice in chicks and mice. Indian Journal of Medical
Research, 77, 353–358.

131. Rao K R and Doughtie D G, 1984 Histopathological changes in grass shrimp
exposed to chromium, pentachlorophenol and dithiocarbamates. Marine
Environmental Research, 14, 371–395.

132. Reish D J and Carr R S, 1978 The effect of heavy metals on the survival,
reproduction, development and life cycles for two species of polychaetous annelids.
Marine Pollution Bulletin, 9, No. 1, 24–27.

133. Reish D J, Martin J M, Piltz F M and Word J Q, 1976 The effect of heavy metals on
laboratory populations of two polychaetes with comparisons to the water quality
conditions and standards in Southern Caliornia. Water Research, 10, 299–302.

134. Rocchetta I, Ruiz L B, Magaz G and Conforti V T D, 2003 Effects of hexavalent
chromium in two strains of Euglena gracilis. Bulletin of Environmental
Contamination and Toxicology, 70, 1045–1051.



Science Report Proposed EQS for chromium 87

135. Roche H and Boge G, 1996 Fish blood parameters as a potential tool for
identification of stress caused by environmental factors and chemical intoxication.
Marine Environmental Research, 41, 27–43.

136. Sastry K V and Sunita K, 1983 Enzymological and biochemical changes produced
by chronic chromium exposure in a teleost fish, Channa punctatus. Toxicology
Letters, 16, No. 1/2, 9–15.

137. Sauter S, Buxton K S, Macek K J and Petrocelli S R, 1976 Effects of exposure to
heavy metals on selected freshwater fish. EPA-600/3-76-105. Duluth, MN: US
Environmental Protection Agency (US EPA).

138. Schaller H and Neeb R, 1987 Gas-chromatographic elemental analysis via
di(trifluoroethyl)dithiocarbamato-3 chelates X. Capillary gas chromatography at the
pg-level determination of Co and Cr[VI] besides Cr[III] in river water. Fresenius
Journal of Analytical Chemistry 327, 170–174.

139. Schmidt J A and Andren A W, 1984 Deposition of airborne metals into the Great
Lakes: an evaluation of past and present estimates. Advances in Environmental
Science and Technology, 14, 81–103.

140. Sherwood M J, 1975 Toxicity of chromium to fish, (i) 61–62. Annual Report 1974. El
Segundo, CA: Southern California Coastal Water Research.

141. Sinha S, Rai U N, Tripathi R D and Chandra P, 1993 Chromium and manganese
uptake by Hydrilla verticillata (If) Royle – amelioration of chromium toxicity by
manganese. Journal of Environmental Science and Health Part A: Environmental
Science and Engineering & Toxic and Hazardous Substance Control, 28, 1545–
1552.

142. Slooff W and Canton J H, 1983 Comparison of the susceptibility of 11 fresh-water
species to eight chemical compounds. 2. (Semi) chronic toxicity tests. Aquatic
Toxicology, 4, 271–282.

143. Sobrero M C, Beltrano J and Ronco A E, 2004 Comparative response of
Lemnaceas clones to copper(II), chromium(VI), and cadmium(II) toxicity. Bulletin of
Environmental Contamination and Toxicology, 73, 416–423.

144. Sornaraj R, Baskaran P and Thanalakshmi S, 1995 Effects of heavy metals on
some physiological responses of air-breathing fish Channa punctatus (Bloch).
Environmental Ecology, 13, No. 1, 202–207.

145. Soto E, Larrain A and Bay-Schmith E, 2000 Sensitivity of Ampelisca araucana
juveniles (Crustacea amphipoda) to organic and inorganic toxicants in tests of acute
toxicity. Bulletin of Environmental Contamination and Toxicology, 64, 574–578.

146. Spehar R L and Fiandt J T, 1986. Acute and chronic effects of water quality criteria-
based metal mixtures on three aquatic species. Environmental and Toxicological
Chemistry, 5, No. 10, 917–931.

147. Staves R P and Knaus R M, 1985. Chromium removal from water by three species
of duckweeds. Aquatic Botany, 23, 261–273.



Science Report Proposed EQS for chromium88

148. Stephenson R R and Watts S A, 1984 Chronic toxicity tests with Daphnia magna:
the effects of different food and temperature regimes on survival, reproduction and
growth. Environmental Pollution Series A – Ecological and Biological, 36, No. 2, 95–
107.

149. Stevens D G and Chapman G A, 1984 Toxicity of trivalent chromium to early life
stages of steelhead trout. Environmental and Toxicological Chemistry, 3, No. 1,
125–133.

150. Struijs J, van de Meent D, Peijenburg W J G M, van den Hoop M A G T and
Crommentuijn T, 1997 Added risk approach to derive maximum permissible
concentrations for heavy metals: how to take into account the natural background
levels? Ecotoxicology and Environmental Safety, 37, No. 2, 112–118.

151. Sun B, Yap L, Shi Z, Wang Y and Xie M, 1990 Effects of chromium (VI) on the
growth phytoplankton in sea water. Journal of Ocean University of
Qingdao/Qingdao Haiyang Daxue Xuebao, 20, No. 4, 1–8.

152. European Commission Joint Research Centre (JRC), 2003 Technical Guidance
Document on risk assessment in support of Commission Directive 93/67/EEC on
risk assessment for new notified substances and Commission Regulation (EC) No.
1488/94 on risk assessment for existing substances and Directive 98/8/EC of the
European Parliament and of the Council concerning the placing of biocidal products
on the market. Part II. EUR 20418 EN/2. Luxembourg: Office for Official
Publications of the European Communities. Available from: http://ecb.jrc.it/tgdoc
[Accessed 5 February 2007]

153. Trabalka J R and Gehrs C W, 1977 An observation on the toxicity of hexavalent
chromium to Daphnia magna. Toxicology Letters, 1, 131–134.

154. Torgrimsen T, 1982 Analysis of chromium. In Biological and Environmental Aspects
of Chromium (ed. S Langård), pp. 65–99. New York: Elsevier Biomedical Press.

155. Urasa I T and Nam S H, 1989 Direct determination of chromium(III) and
chromium(VI) with ion chromatography using direct current plasma emission as
element-selective detector. Journal of Chromatographic Science, 27, 30–37.

156. US Environmental Protection Agency (US EPA), 2001 Integrated Risk Information
System for Chromium III Insoluble salts [online]. Integrated Risk Information System
(IRIS) Database for Risk Assessment. Washington, DC: US EPA.

157. US Environmental Protection Agency (US EPA), 2001 Integrated Risk Information
System for Chromium VI [online]. Integrated Risk Information System (IRIS)
Database for Risk Assessment. Washington, DC: US EPA.

158. US Environmental Protection Agency (US EPA), 1980 Ambient Water Quality
Criteria Document Chromium  – 1980. US EPA 440/5-80-035. Washington, DC: US
EPA.

159. US Environmental Protection Agency (US EPA), 1985 Ambient Water Quality
Criteria Document Chromium – 1984. US EPA 440/5-84-029. Washington, DC: US
EPA.



Science Report Proposed EQS for chromium 89

160. US Environmental Protection Agency (US EPA), 1986 Quality Criteria for Water
1986, (i) Chromium(VI). US EPA 440/5-86-001 (the ‘Gold Book’). Washington, DC:
US EPA. Available from: http://www.epa.gov/waterscience/criteria/goldbook.pdf
[Accessed 26 January 2006]

161. US Environmental Protection Agency (US EPA), 1984 Health assessment
document for chromium. EPA 600/8-83-014F. Research Triangle Park, NC: US EPA,
Environmental Assessment and Criteria Office.

162. US Environmental Protection Agency (US EPA), 1997 Special report on
environmental endocrine disruption: an effects assessment and analysis.
EPA/630/R-96/012. Washington, DC: US EPA, Risk Assessment Forum.

163. Van der Meer C, Teunissen C and Boog T F M, 1988 Toxicity of sodium chromate
and 3,4-dichloroaniline to crustaceans. Bulletin of Environmental Contamination and
Toxicology, 40, No. 2, 204–211 (OECDG Data File).

164. Van Der Putte I, Laurier M B H M and Van Eijk G J M, 1982 Respiration and
osmoregulation in rainbow trout (Salmo gairdneri) exposed to hexavalent chromium
at different pH values. Aquatic Toxicology, 2, 99–112.

165. Van der Putte I, Van Der Galien W and Strik J J T W A, 1982 Effects of hexavalent
chromium on rainbow trout (Salmo gairdneri) after prolonged exposure at two
different pH levels. Ecotoxicology and Environmental Safety, 6, 246–257.

166. Van Leeuwen C J, Niebeek G and Rijkevoer M, 1987 Effects of chemical stress on
the population dynamics of Daphnia magna: a comparison of two test procedures.
Ecotoxicology and Environmental Safety, 14, 1–11.

167. Veillon C, 1989 Analytical chemistry of chromium. Science of the Total Environment,
86, 65–68.

168. Vranken G, Vandergaeghen R and Heip C, 1991 Effects of pollutants on life-history
parameters of the marine nematode Monhystera disjuncta. ICES Journal of Marine
Science, 48, 325–334.

169. Wagner C and Løkke H, 1991 Estimation of ecotoxicological protection levels from
NOEC toxicity data. Water Research, 25, 1237–1242.

170. Wang Y T and Shen H, 1993 Biological reduction of hexavalent chromium with
simultaneous degradation of aromatic pollutants. In Proceedings of the 66th Annual
Conference and Exposition of the Water Environment Federation (Vol. 1), 385–394.
Alexandria, VA: Water Environment Federation.

171. Watling H R, 1983 Comparative study of the effects of metals on the settlement of
Crassostrea gigas. Bulletin of Environmental Contamination and Toxicology, 31,
344–351.

172. World Health Organization (WHO), 2004 Guidelines for Drinking-Water Quality.
Volume 1: Recommendations (3rd edn.), (i) 334–335. Geneva: WHO. Available
from: http://www.who.int/water_sanitation_health/dwq/gdwq3/en/index.html
[Accessed 5 February 2007]



Science Report Proposed EQS for chromium90

173. World Health Organization (WHO), 1988 Environmental Health Criteria 61:
Chromium. International Programme on Chemical Safety (IPCS). Geneva: WHO.
Available from: http://www.who.int/ipcs/publications/ehc/en/ [Accessed 5 February
2007]

174. Wilson W B and Freeburg L R, 1980 Toxicity of metals to marine phytoplankton
cultures. EPA-600/3-80-025. Narragansett, RI: US Environmental Protection
Agency.

175. Wong C K and Pak A P, 2004 Acute and subchronic toxicity of the heavy metals
copper, chromium, nickel, and zinc, individually and in mixture, to the freshwater
copepod Mesocyclops pehpeiensis. Bulletin of Environmental Contamination and
Toxicology, 73, 190–196.

176. Wong C K, 1993 Effects of chromium, copper, nickel and zinc on longevity and
reproduction of the cladoceran Moina macrocopa. Bulletin of Environmental
Contamination and Toxicology, 50, 633–639.

177. Zabel T F and Cole S, 1999 The derivation of environmental quality standards for
the protection of aquatic life in the UK. Journal of the Chartered Institution of Water
and Environmental Management, 13, 436–440.

178. Zarafonetis J H and Hampton R E, 1974 Some effects of small concentrations of
chromium on growth and photosynthesis in algae. Michigan Academy of Science,
Arts and Letters, 6, No. 4, 417–421.

179. Zaroogian G E and Johnson M, 1983 Chromium uptake and loss in the bivalves
Crassostrea virginica and Mytilus edulis. Marine Ecology-Progress Series, 12, 167–
173.

180. Fromm P O and Stokes R M, 1962 Assimilation and metabolism of chromium by
trout. Journal of the Water Pollution Control Federation, 34, 1151.

181. Calamari D, Gaggino G F and Pacchetti G, 1982 Toxicokinetics of low levels of Cd,
Cr, Ni and their mixtures in long-term treatment on Salmo gairdneri Rich.
Chemosphere, 11, 59–70.

182. Janus J A and Krajnc E I, 1990 Integrated Criteria Document Chromium: Effects –
Appendix. National Institute for Public Health and the Environment (RIVM) Report
No. 710401002. Bilthoven, The Netherlands: RIVM.

183. Braunschweiler H, Mattsoff L and Assmuth T, 1996 Ecotoxicological assessment of
CCA (Chromium, Copper, Arsenic) and CC (Chromium, Copper) wood
preservatives. Helsinki: Finnish Environment Institute.

184. Mance G, Brown V M, Gardiner J and Yates J, 1984 Proposed Environmental
Quality Standards for List II substances in water: chromium. TR 207. Prepared for
the Department of the Environment (DoE). Medmenham, Buckinghamshire: WRc.

185. Hunt S M, Hedgecott S, 1992 Revised Environmental Quality Standards for
chromium in water (DWQ 9026). Final Report to the Department of the Environment
(DoE). Report No. DoE 2858-M/1. Medmenham, Buckinghamshire: WRc.



Science Report Proposed EQS for chromium 91

186. Canivet V, Chambon P and Gibert J, 2001 Toxicity and bioaccumulation of arsenic
and chromium in epigean and hypogean freshwater macroinvertebrates. Archives of
Environmental Contamination and Toxicology, 40, 345–354.

187. Greene J C, Miller W E, Debacon M, Long M A and Bartels C L, 1988 Use of
Selenastrum capricornutum to assess the toxicity potential of surface and ground
water contamination caused by chromium waste. Environmental Toxicology and
Chemistry, 7, 35–39.

188. Adema D M M and De Zwart D, 1984 Research for a useful combination of test
methods to determine the aquatic toxicity of environmentally dangerous chemicals.
Rep. No. 668114-003. Natl. Inst. Public Health Environ. Hyg. 15p (DUT). Cited in
US Environmental Protection Agency 2006 ECOTOX User Guide: ECOTOXicology
Database System. Version 4.0. Available from: http://cfpub.epa.gov/ecotox/
[Accessed 5 February 2007]

189. Keller A E and Zam S G, 1991 The Acute toxicity of selected metals to the
freshwater mussel, Anodonta imbecillis. Environmental Toxicology and Chemistry,
10, No. 4, 539–546.

190. Williams P L and Dusenbery D B, 1990 Aquatic toxicity testing using the nematode,
Caenorhabditis elegans. Environmental Toxicology and Chemistry, 9, No. 10, 1285–
1290.

191. Dorn P B, Rodgers J H, Jop K M, Raia J C and Dickson K L, 1987 Hexavalent
chromium as a reference toxicant in effluent toxicity tests. Environmental Toxicology
and Chemistry, 6, No. 6, 435–444.

192. Wernersson A S and Dave G, 1997 Phototoxicity identification by solid phase
extraction and photoinduced toxicity to  Daphnia magna. Archives of Environmental
Contamination and Toxicology, 32, 268–273.

193. Kim S D, Park K S and Gu M B, 2002 Toxicity of hexavalent chromium to Daphnia
magna: influence of reduction reaction by ferrous iron. Journal of Hazardous
Materials, 93, 155–164.

194. Dowden M, 1961 Cumulative toxicities of some inorganic salts to Daphnia magna
as determined by median tolerance limits. Proceedings of the Lousiana Academy of
Sciences, 23, 77–85.

195. Ewell W S, Gorsuch J W, Kringle R O, Robillard K A and Spiegel R C, 1986
Simultaneous evaluation of the acute effects of chemicals on seven aquatic
species. Environmental Toxicology and Chemistry, 5, No. 9, 831–840.

196. Tinsley D, 1987 Environmental standards for freshwater life III (MDE 9163 SLD).
Final report to the Department of the Environment (DoE). WRc report DoE 1494-M.
Medmenham, Buckinghamshire: WRc.

197. Krassoi F R and Julli M, 1994 Chemical batch as a factor affecting the acute toxicity
of the reference toxicant potassium dichromate to the Cladoceran-Moina
australiensis (Sars). Bulletin of Environmental Contamination and Toxicology, 53,
153–157.



Science Report Proposed EQS for chromium92

198. Centano M D F, Brendonck L and Persoone G, 1993 Acute toxicity tests with
Streptocephalus proboscideus (crustacea, branchiopoda: anostraca): influence of
selected environmental conditions. Chemosphere, 27, No. 11, 2213–2224.

199. Brkovic-Popovic I and Popovic M, 1977 Effects of heavy metals on survival and
respiration rate of tubificid worms: part I – effects on survival. Environmental
Pollution, 13, 65.

200. Anusuya D and Christry I, 1999 Effects of chromium toxicity on hatching and
development of tadpoles of Bufo melanostictis. Journal of Environmental Biology,
20, No. 4, 321–323.

201. Kusk K O and Nyholm N, 1991 Evaluation of a phytoplankton toxicity test for a
water pollution assessment and control. Archives of Environmental Contamination
and Toxicology, 20, 375–379.

202. Elbetieha A and Al-Hamood M H, 1997 Long-term exposure of male and female
mice to trivalent and hexavalent chromium compounds: effect on fertility.
Toxicology, 116, 39–47.



Science Report Proposed EQS for chromium 93

List of abbreviations
AA annual average

AAS atomic absorption spectroscopy

AES graphite spark atomic emission spectrometry

AF assessment factor

BCF bioconcentration factor

BNC base-neutralising capacity

bw body weight

CAS Chemical Abstracts Service

CI confidence interval

Defra Department for Environment, Food and Rural Affairs

DO dissolved oxygen

EC50 concentration effective against 50% of the organisms tested

ECB European Chemicals Bureau

ECD electron capture detection

ECx concentration effective against X% of the organisms tested

ET50 exposure time at which the test concentration is effective against
50% of the organisms tested

EQS Environmental Quality Standard

GFAAS graphite furnace atomic absorption spectrometry

GLP Good Laboratory Practice (OECD)

HRGC capillary column gas chromatography

HSDB Hazardous Substances Data Bank

IC50 concentration at which the population effect of the organisms
tested is inhibited by 50%

ICP-MS inductively coupled plasma mass spectrometry

IRIS Integrated Risk Information System

IUPAC International Union of Pure and Applied Chemistry

KC Klimisch Criteria

LC50 concentration lethal to 50% of the organisms tested

LCx concentration lethal to X% of the organisms tested

LOAEL lowest observed adverse effect level

LOEC lowest observed effect concentration

lt long term
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LT50 exposure time at which the test concentration is lethal to 50% of
the organisms tested

MAC maximum allowable concentration

MATC maximum allowable toxicant concentration

MRL minimum risk level

NAA neutron activation analysis

NGO non-governmental organisation

NOAEL no observed adverse effect level

NOEC no observed effect concentration

NR not reported

OECD Organisation for Economic Co-operation and Development

PNEC predicted no-effect concentration

ppt parts per trillion

RAR Risk Assessment Report

SEPA Scottish Environment Protection Agency

secpois secondary poisoning

SNIFFER Scotland & Northern Ireland Forum for Environmental Research

SSD species sensitivity distribution

st short term

TGD Technical Guidance Document

UKTAG UK Technical Advisory Group

US EPA US Environmental Protection Agency

UV-vis ultraviolet–visible

WFD Water Framework Directive
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ANNEX 1 Data quality assessment
sheets
Identified and ordered by reference number (see References & Bibliography).

Data relevant for PNEC derivation were quality assessed as outlined in Section 2.6.
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Reference 2

Information on the test species
Test species used Nuria denricus

Life stage of the test species used adult, 5 cm, 500 mg

Holding conditions prior to test Not stated

Source of the test organisms Not stated

Information on the test design
Methodology used Not stated

Form of the test substance Potassium dichromate

Source of the test substance Not stated

Type and source of the exposure medium Not stated

Test concentrations used Range between 194 and 472 µg l-1

Number of replicates per concentration Not stated

Number of organisms per replicate Not stated

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Static

Measurement of exposure concentrations No

Measurement of water quality parameters Yes

Test validity criteria satisfied Not stated

Water quality criteria satisfied Not stated

Endpoint comment WRc EQS and ECOTOX database have
different effective concentrations. WRc = 1.7
mg l-1

Study conducted to GLP Not stated

Reliability of study Unknown
Relevance of study Supporting information
Klimisch Code 4



Science Report Proposed EQS for chromium 97

Reference 3

Information on the test species
Test species used Wallago attu

Life stage of the test species used 9.9 g

Holding conditions prior to test Not stated

Source of the test organisms Not stated

Information on the test design
Methodology used Not stated

Form of the test substance Potassium dichromate

Source of the test substance Not stated

Type and source of the exposure medium Not stated

Test concentrations used Not stated

Number of replicates per concentration Not stated

Number of organisms per replicate Not stated

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Static

Measurement of exposure concentrations No

Measurement of water quality parameters Not stated

Test validity criteria satisfied Not stated

Water quality criteria satisfied Not stated

Endpoint comment MATC reported as 250 µg l-1; NOEC as 500
µg l-1

Study conducted to GLP Not stated

Reliability of study Unknown
Relevance of study Supporting information
Klimisch Code 4



Science Report Proposed EQS for chromium98

Reference 12

Information on the test species
Test species used Salmo gairdneri Rich.

Life stage of the test species used Adult, 150–200 g

Holding conditions prior to test Not stated

Source of the test organisms Not stated

Information on the test design
Methodology used Not stated

Form of the test substance Potassium dichromate

Source of the test substance Not stated

Type and source of the exposure medium Not stated

Test concentrations used Not stated

Number of replicates per concentration Not stated

Number of organisms per replicate Not stated

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Flow-through

Measurement of exposure concentrations Yes

Measurement of water quality parameters Yes

Test validity criteria satisfied Not stated

Water quality criteria satisfied Not stated

Endpoint comment
Study conducted to GLP Not stated

Reliability of study Unknown
Relevance of study Supporting information
Klimisch Code 4



Science Report Proposed EQS for chromium 99

Reference 14

Information on the test species
Test species used Spirulina platensis

Life stage of the test species used Not stated

Holding conditions prior to test Not stated

Source of the test organisms Laboratory culture; origin not stated

Information on the test design
Methodology used Not carried out to a standardised methodology.

Form of the test substance Potassium dichromate

Source of the test substance Not stated

Type and source of the exposure medium Not stated

Test concentrations used 0.01, 0.1 1 and 10 mg l-1

Number of replicates per concentration 3

Number of organisms per replicate Not stated

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Static

Measurement of exposure concentrations No

Measurement of water quality parameters Temperature

Test validity criteria satisfied Not stated

Water quality criteria satisfied Not stated

Endpoint comment No analysis and very difficult to establish the
extent of the effect. The relevance of the study
therefore is in question.

Study conducted to GLP Not stated

Reliability of study Reliable with restriction
Relevance of study Questionable relevance
Klimisch Code 3



Science Report Proposed EQS for chromium100

Reference 15

Information on the test species
Test species used Pimephales promelas

Life stage of the test species used Larvae

Holding conditions prior to test Not stated

Source of the test organisms Not stated

Information on the test design
Methodology used Not stated

Form of the test substance Sodium dichromate

Source of the test substance Not stated

Type and source of the exposure medium Not stated

Test concentrations used Not stated

Number of replicates per concentration Not stated

Number of organisms per replicate Not stated

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Flow-through

Measurement of exposure concentrations Yes

Measurement of water quality parameters Yes

Test validity criteria satisfied Not stated

Water quality criteria satisfied Not stated

Endpoint comment
Study conducted to GLP Not stated

Reliability of study Unknown
Relevance of study Supporting information
Klimisch Code 4



Science Report Proposed EQS for chromium 101

Reference 18

Information on the test species
Test species used Oncorhynchus mykiss

Life stage of the test species used Gemetes

Holding conditions prior to test Not stated

Source of the test organisms Stock brood

Information on the test design
Methodology used Not carried out to a standardised methodology.

Form of the test substance Potassium dichromate

Source of the test substance Merck

Type and source of the exposure medium Diluent (not seawater)

Test concentrations used 0.0004–100 mg l-1

Number of replicates per concentration Not stated (from graphs there appears to be no
replication)

Number of organisms per replicate Not stated (diluted sperm)

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Static

Measurement of exposure concentrations Yes

Measurement of water quality parameters Not stated

Test validity criteria satisfied Not stated

Water quality criteria satisfied Not stated

Endpoint comment Effects based on measured concentrations, but
no mention of replication. This appears to be a
valid study. However, the sperm underwent
significant preparation in the test so the
relevance to the real world may be in question.

Study conducted to GLP Not stated

Reliability of study Reliable
Relevance of study Relevant
Klimisch Code 2



Science Report Proposed EQS for chromium102

Reference 31

Information on the test species
Test species used Hydrilla verticillata

Life stage of the test species used Not stated

Holding conditions prior to test Held under constant light at 25°C

Source of the test organisms Field collected

Information on the test design
Methodology used Not carried out to a standardised methodology.

Form of the test substance Potassium dichromate

Source of the test substance Not stated

Type and source of the exposure medium Hoaglands solution

Test concentrations used 0.001–1 mg l-1

Number of replicates per concentration 3

Number of organisms per replicate 1?

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Static

Measurement of exposure concentrations Not stated

Measurement of water quality parameters Not stated

Test validity criteria satisfied Not stated

Water quality criteria satisfied Not stated

Endpoint comment No analysis. The relevance of the effect
(peroxidase activity) is in question. Effects on
growth only occurred at 1 mg l-1.

Study conducted to GLP Not stated

Reliability of study Reliable with restriction
Relevance of study Questionable relevance
Klimisch Code 3



Science Report Proposed EQS for chromium 103

Reference 34

Information on the test species
Test species used Odonthestes bonariensis

Life stage of the test species used 14 days

Holding conditions prior to test Dechlorinated tap water, hardness 215 mg l-1

CaCO3; pH 7.4; 22 ± 1°C; dissolved oxygen
(DO) =7 mg l-1

Source of the test organisms Field fertilization of eggs from Lobos Lagoon
(35°17’ S, 59° 7’ W, Lobos, Buenos Aires

Information on the test design
Methodology used Non-standard but well described

Form of the test substance Potassium dichromate

Source of the test substance Anedra

Type and source of the exposure medium Dechlorinated tap water as above

Test concentrations used Control + five test concentrations

Number of replicates per concentration 3

Number of organisms per replicate 10

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Semi-static renewal every 24 hours

Measurement of exposure concentrations Yes

Measurement of water quality parameters Yes

Test validity criteria satisfied Yes

Water quality criteria satisfied Yes

Endpoint comment
Study conducted to GLP Not stated

Reliability of study Reliable
Relevance of study Relevant
Klimisch Code 2



Science Report Proposed EQS for chromium104

Reference 39

Information on the test species
Test species used Selenastrum capricornutum

Life stage of the test species used Exponential growth

Holding conditions prior to test Not stated

Source of the test organisms Strain ATCC 22662

Information on the test design
Methodology used Not stated

Form of the test substance Potassium dichromate

Source of the test substance Not stated

Type and source of the exposure medium Not stated

Test concentrations used Not stated

Number of replicates per concentration Not stated

Number of organisms per replicate Not stated

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Not stated

Measurement of exposure concentrations No

Measurement of water quality parameters Yes

Test validity criteria satisfied Not stated

Water quality criteria satisfied Not stated

Endpoint comment
Study conducted to GLP Not stated

Reliability of study Unknown
Relevance of study Supporting information
Klimisch Code 4 (ECOTOX database document code M)



Science Report Proposed EQS for chromium 105

Reference 49

Information on the test species
Test species used Daphnia magna Straus

Life stage of the test species used Neonate <24 hours

Holding conditions prior to test ASTM hard water with organic additive at 20°C
in groups of 10 animals per litre of medium

Source of the test organisms Not stated

Information on the test design
Methodology used Not carried out to a standardised methodology,

but the test procedure was described.
Form of the test substance Sodium dichromate

Source of the test substance Not stated

Type and source of the exposure medium ASTM medium with an organic additive

Test concentrations used control + six toxicant concentrations

Number of replicates per concentration 10

Number of organisms per replicate One animal per litre of medium, fed C. vulgaris
(0.322 mg carbon/daphnia/day).

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Static renewal every other day

Measurement of exposure concentrations No

Measurement of water quality parameters Yes

Test validity criteria satisfied Not stated

Water quality criteria satisfied Yes

Endpoint comment Stated as total Cr concentration not as Cr6+ ion
Study conducted to GLP Not stated

Reliability of study Reliable
Relevance of study Relevant
Klimisch Code 2



Science Report Proposed EQS for chromium106

Reference 61

Information on the test species
Test species used Chlorella sp.

Life stage of the test species used Exponential growth

Holding conditions prior to test Cultivated on a mechanical shaker (Gerhardt
LS 5) with 100 rpm. The shaking was
performed to improve gas exchange and
reduce pH variation in the stock solutions.
Every day the stock solution was diluted with
fresh medium in order to keep it in exponential
growth.

Source of the test organisms Not stated

Information on the test design
Methodology used Amended ISO 8692

Form of the test substance Potassium dichromate

Source of the test substance Riedel-de Haën, Seelze, Germany, (UN No.
2811)

Type and source of the exposure medium Algal medium

Test concentrations used 0, 0.1035, 0.207, 0.3105 mg l-1

Number of replicates per concentration Not stated

Number of organisms per replicate 103 cells/ml

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Static

Measurement of exposure concentrations No – stock solution only

Measurement of water quality parameters Yes

Test validity criteria satisfied Not stated

Water quality criteria satisfied Not stated

Endpoint comment Non-standard endpoint – nitrogen content;
study authors suggest refinement of test
method required.

Study conducted to GLP Not stated

Reliability of study Unreliable
Relevance of study Relevant
Klimisch Code 3



Science Report Proposed EQS for chromium 107

Reference 64

Information on the test species
Test species used Pimephales promelas

Ictalurus punctatus
Life stage of the test species used P. promelas: 3–14 days

I. punctatus: 4 weeks
Holding conditions prior to test Dechlorinated tap water; 23–26°C; pH 7.9–8.1;

hardness 88–108 mEq l-1; DO 7.9–8.5 mg l-1.
Source of the test organisms P. promelas: established laboratory culture

University of North Texas.
I. punctatus: 2-week-old fish obtained from D &
B Fish Farms in Crockett, Texas

Information on the test design
Methodology used Non-standard but described

Form of the test substance Potassium dichromate

Source of the test substance Fisher Scientific Co. (Fair Lawn, NJ)

Type and source of the exposure medium Dechlorinated tap water, as for holding
conditions

Test concentrations used Range 0–12 mg l-1

Number of replicates per concentration 2

Number of organisms per replicate 10

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Static

Measurement of exposure concentrations Yes on first and last days. Minimal difference
found and mean used for computing LC50

Measurement of water quality parameters Yes

Test validity criteria satisfied Yes

Water quality criteria satisfied Yes

Endpoint comment
Study conducted to GLP Not stated

Reliability of study Reliable
Relevance of study Relevant
Klimisch Code 2



Science Report Proposed EQS for chromium108

Reference 66

Information on the test species
Test species used Daphnia magna (Straus)

Life stage of the test species used <24 hours

Holding conditions prior to test Same conditions as test without toxicant

Source of the test organisms Italian Institute of Hydrobiology, Pallanza, Italy

Information on the test design
Methodology used Not carried out to a standardised methodology,

but the test procedure was described.
Form of the test substance Potassium dichromate

Source of the test substance Not stated

Type and source of the exposure medium Well water

Test concentrations used 3.5, 7 and 14 µg l-1 Cr(VI) at two feeding levels

Number of replicates per concentration 6

Number of organisms per replicate 5

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Semi-static (food and medium renewed every
other day) Half fed on 1.2 x 105 cells/ml of S.
acutus and rest on 0.24 x 105 cells/ml

Measurement of exposure concentrations Stock solution only

Measurement of water quality parameters Yes

Test validity criteria satisfied Not stated

Water quality criteria satisfied Yes

Endpoint comment NOEC survival, growth and fecundity 3.5 µg l-1

at both feeding levels
7 µg l-1 significant reduction (P <0.001) life
span, but no effect on growth and no. of
neonates.
14 µg l-1: significant reduction (P <0.001)
survival with extinction of both cohorts within
40 days and had different effects on growth
and fecundity depending on feeding regime.

Study conducted to GLP Not stated

Reliability of study Reliable
Relevance of study Relevant
Klimisch Code 2



Science Report Proposed EQS for chromium 109

Reference 68

Information on the test species
Test species used Salmo salar

Life stage of the test species used Eyed egg swim-up fry

Holding conditions prior to test Not stated

Source of the test organisms Not stated

Information on the test design
Methodology used Not stated

Form of the test substance Sodium dichromate

Source of the test substance Not stated

Type and source of the exposure medium Not stated

Test concentrations used Not stated

Number of replicates per concentration Not stated

Number of organisms per replicate Not stated

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Static

Measurement of exposure concentrations No

Measurement of water quality parameters Yes

Test validity criteria satisfied Not stated

Water quality criteria satisfied Not stated

Endpoint comment WRc EQS 10% mortality; 70% at 0.1 mg l-1

Study conducted to GLP Not stated

Reliability of study Unknown
Relevance of study Relevant
Klimisch Code 4



Science Report Proposed EQS for chromium110

Reference 71

Information on the test species
Test species used Artemia franciscana

Life stage of the test species used Neonate <24 hours

Holding conditions prior to test Standard seawater was prepared by dissolving
the following substances in distilled and
deionized water: NaCl, 26.4 g l-1; KCl, 0.84 g l-
1; CaCl2, 1.26 g l-1; MgCl2, 2.15 g l-1; MgSO4,
2.72 g l-1; NaHCO3, 0.17 g l-1; and H3BO3, 0.03
g l-1.

Source of the test organisms Hatched from cysts that were bought from
Creasel, Belgium.

Information on the test design
Methodology used Multiwell plates. Experiment carried out in

duplicate.
Form of the test substance Potassium dichromate

Source of the test substance Fluka, Germany.

Type and source of the exposure medium Standard seawater as above

Test concentrations used Concentration range (1–12 mg l-1)

Number of replicates per concentration 3

Number of organisms per replicate 10

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Static

Measurement of exposure concentrations No

Measurement of water quality parameters Not stated

Test validity criteria satisfied Yes

Water quality criteria satisfied Not stated

Endpoint comment
Study conducted to GLP Not stated

Reliability of study Reliable
Relevance of study Relevant
Klimisch Code 2



Science Report Proposed EQS for chromium 111

Reference 85

Information on the test species
Test species used Champia parvula

Life stage of the test species used Not stated

Holding conditions prior to test Not stated

Source of the test organisms Not stated

Information on the test design
Methodology used Not stated

Form of the test substance Chromium(VI)

Source of the test substance Not stated

Type and source of the exposure medium Not stated

Test concentrations used Not stated

Number of replicates per concentration Not stated

Number of organisms per replicate Not stated

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Static

Measurement of exposure concentrations Not stated

Measurement of water quality parameters Yes

Test validity criteria satisfied Not stated

Water quality criteria satisfied Not stated

Endpoint comment Very few details available with which to quality
assess the study

Study conducted to GLP Not stated

Reliability of study Unknown
Relevance of study Relevant
Klimisch Code 4 (unknown)



Science Report Proposed EQS for chromium112

Reference 92

Information on the test species
Test species used Daphnia magna

Life stage of the test species used <24 hours

Holding conditions prior to test Not stated

Source of the test organisms Not stated

Information on the test design
Methodology used Not stated

Form of the test substance Chromium chloride

Source of the test substance Not stated

Type and source of the exposure medium Not stated

Test concentrations used Not stated

Number of replicates per concentration Not stated

Number of organisms per replicate Not stated

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Semi-static

Measurement of exposure concentrations No

Measurement of water quality parameters Yes

Test validity criteria satisfied Not stated

Water quality criteria satisfied Not stated

Endpoint comment EU RAR reports NOEC as 3.4 mg l-1, WRc
EQS and ECOTOX database as 0.7 mg l-1

Study conducted to GLP Not stated

Reliability of study Unknown
Relevance of study Relevant
Klimisch Code 4 (ECOTOX database document code C)



Science Report Proposed EQS for chromium 113

Reference 101

Information on the test species
Test species used Paracentrotus lividus (Lamark)

Life stage of the test species used Embryo

Holding conditions prior to test Filtered natural seawater salinity 36 ‰; 18 ±
1°C

Source of the test organisms Adults collected from Tyrrenian Sea (Bay of
Naples), gametes were harvested and
embryos reared for toxicity testing

Information on the test design
Methodology used Standard embryo toxicity test

Form of the test substance Potassium dichromate

Source of the test substance Not stated

Type and source of the exposure medium Natural seawater from pristine site

Test concentrations used Nominal concentration range 2.9–24 mg l-1

Number of replicates per concentration 3

Number of organisms per replicate 250–300 fertilised eggs, observations made on
100 randomly chosen individuals

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Static

Measurement of exposure concentrations No

Measurement of water quality parameters Not stated

Test validity criteria satisfied Yes

Water quality criteria satisfied Not stated

Endpoint comment Experiment carried out 13 times and 11 used
to produce a mean value since those not
meeting test validity criteria excluded

Study conducted to GLP Not stated

Reliability of study Reliable
Relevance of study Relevant
Klimisch Code 2



Science Report Proposed EQS for chromium114

Reference 107

Information on the test species
Test species used Portunus pelagicus

Life stage of the test species used Megalopa (final larval stage)

Holding conditions prior to test Held at 26°C; 33 g l-1 salinity; substrate clean
beach sand

Source of the test organisms Crab larvae hatched in laboratory from eggs
extruded by mature P. pelagicus females
captured in Moreton Bay, Queensland,
Australia

Information on the test design
Methodology used Non standard

Form of the test substance Potassium dichromate (analytical grade)

Source of the test substance Not stated

Type and source of the exposure medium Seawater pumped ~1 km offshore Moreton
Bay, Queensland, Australia

Test concentrations used Test concentrations based on logarithmic scale
of cation

Number of replicates per concentration 5

Number of organisms per replicate Not stated

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Semi-static

Measurement of exposure concentrations No

Measurement of water quality parameters Yes

Test validity criteria satisfied Not stated

Water quality criteria satisfied Yes

Endpoint comment Geometric mean of NOEC and LOEC
Study conducted to GLP Not stated

Reliability of study Reliable with restrictions
Relevance of study Relevant
Klimisch Code 3



Science Report Proposed EQS for chromium 115

Reference 108

Information on the test species
Test species used Daphnia magna

Life stage of the test species used <24 hours

Holding conditions prior to test Not stated

Source of the test organisms Not stated

Information on the test design
Methodology used Not stated

Form of the test substance Sodium dichromate

Source of the test substance Not stated

Type and source of the exposure medium Not stated

Test concentrations used Not stated

Number of replicates per concentration Not stated

Number of organisms per replicate Not stated

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Flow-through

Measurement of exposure concentrations Yes

Measurement of water quality parameters Yes

Test validity criteria satisfied Not stated

Water quality criteria satisfied Not stated

Endpoint comment
Study conducted to GLP Not stated

Reliability of study Unknown
Relevance of study Relevant
Klimisch Code 4 (ECOTOX database document code C)



Science Report Proposed EQS for chromium116

Reference 110

Information on the test species
Test species used Daphnia magna

Life stage of the test species used <24 hours

Holding conditions prior to test Not state

Source of the test organisms Not stated

Information on the test design
Methodology used Not stated

Form of the test substance Chromium

Source of the test substance Not stated

Type and source of the exposure medium Not stated

Test concentrations used Not stated

Number of replicates per concentration Not stated

Number of organisms per replicate Not stated

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Static

Measurement of exposure concentrations No

Measurement of water quality parameters Yes

Test validity criteria satisfied Not stated

Water quality criteria satisfied Not stated

Endpoint comment After 21 days of exposure to 5 ppb Cr, the
descendants of a single chromium-tolerant
individual of Daphnia magna produced 67%
more neonates than animals of the same age
from the stock culture. At the end of the
experiment, 93% of the chromium-tolerant
descendants were still alive, but no individual
from the stock culture survived.

Study conducted to GLP Not stated

Reliability of study Unknown
Relevance of study Relevant
Klimisch Code 4 (ECOTOX database document code C)



Science Report Proposed EQS for chromium 117

Reference 111

Information on the test species
Test species used Spirostomum ambiguum

Life stage of the test species used Not stated

Holding conditions prior to test Static renewal; pH 7.5; hardness 150 mg l-1

CaCO3; 20–25°C
Source of the test organisms Established laboratory culture

Information on the test design
Methodology used Test performed in 24-well polystyrene multiwell

plate
Form of the test substance Chromic nitrate

Source of the test substance Not stated

Type and source of the exposure medium

Test concentrations used Control + five toxicant concentrations

Number of replicates per concentration 3

Number of organisms per replicate 10

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Static

Measurement of exposure concentrations No

Measurement of water quality parameters Not stated

Test validity criteria satisfied Not stated

Water quality criteria satisfied Not stated

Endpoint comment EC50 determined by graphical interpolation of
test response versus toxicant concentration
(log scale)

Study conducted to GLP Not stated

Reliability of study Reliable
Relevance of study Relevant
Klimisch Code 2



Science Report Proposed EQS for chromium118

Reference 117

Information on the test species
Test species used Oncorhynchus tshawytscha

Oncorhynchus mykiss
Life stage of the test species used Egg

Holding conditions prior to test Not stated

Source of the test organisms Not stated

Information on the test design
Methodology used Not stated

Form of the test substance Sodium dichromate

Source of the test substance Not stated

Type and source of the exposure medium Not stated

Test concentrations used Not stated

Number of replicates per concentration Not stated

Number of organisms per replicate Not stated

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Flow-through

Measurement of exposure concentrations Yes

Measurement of water quality parameters Yes

Test validity criteria satisfied Not stated

Water quality criteria satisfied Not stated

Endpoint comment
Study conducted to GLP Not stated

Reliability of study Unknown
Relevance of study Supporting information
Klimisch Code 4



Science Report Proposed EQS for chromium 119

Reference 118

Information on the test species
Test species used Salmo trutta L

Cyprinus carpio
Life stage of the test species used >1 year: 105–176 g

>3 year: 57–190 g
Holding conditions prior to test Not stated

Source of the test organisms Not stated

Information on the test design
Methodology used Not stated

Form of the test substance Potassium dichromate

Source of the test substance Not stated

Type and source of the exposure medium Not stated

Test concentrations used Not stated

Number of replicates per concentration Not stated

Number of organisms per replicate Not stated

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Flow-through

Measurement of exposure concentrations Yes

Measurement of water quality parameters Yes

Test validity criteria satisfied Not stated

Water quality criteria satisfied Not stated

Endpoint comment WRc EQS reduction in body weight,
suppression of immune response (Salmo
trutta)

Study conducted to GLP Not stated

Reliability of study Unknown
Relevance of study Supporting information
Klimisch Code 4



Science Report Proposed EQS for chromium120

Reference 129

Information on the test species
Test species used Glaucocystis nostochinearum

Life stage of the test species used Not recorded

Holding conditions prior to test Axenic cultures in modified Chu-10 medium at
26 ± 2°C

Source of the test organisms Organism field collected from a Cr polluted
pond, Unnao, UP, India).

Information on the test design
Methodology used Not carried out to a standardised methodology,

but the test procedure was described.
Form of the test substance Potassium chromate

Source of the test substance Not stated

Type and source of the exposure medium Algal medium

Test concentrations used 0, 0.01, 0.05, 0.1, 1.0, 2.5, 5.0 and 10 mg l-1

Number of replicates per concentration Not stated

Number of organisms per replicate 15 µg protein/ml of algal inoculum

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Static

Measurement of exposure concentrations No

Measurement of water quality parameters Not stated

Test validity criteria satisfied Not stated

Water quality criteria satisfied Not stated

Endpoint comment
Study conducted to GLP Not stated

Reliability of study Unreliable
Relevance of study Relevance unknown
Klimisch Code 3



Science Report Proposed EQS for chromium 121

Reference 134

Information on the test species
Test species used Euglena gracilis

Life stage of the test species used In exponential growth

Holding conditions prior to test Mineral medium (Buetow 1982), with sodium
acetate as a carbon source, pH 7 at 24 ± 1°C

Source of the test organisms Axenic culture, strain UTEX 364 from the
Culture collection of Algae of the Texas
University

Information on the test design
Methodology used US EPA/600/4-85/014/:76–103

Assay repeated three times
Form of the test substance Potassium dichromate

Source of the test substance Not stated

Type and source of the exposure medium Culture medium as above

Test concentrations used 0, 2, 4, 6, 8 and 12 µM Cr(VI)

Number of replicates per concentration 2

Number of organisms per replicate 104 cells/ml

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Static

Measurement of exposure concentrations Yes

Measurement of water quality parameters NA

Test validity criteria satisfied Not stated

Water quality criteria satisfied NA

Endpoint comment IC50 obtained using the Probit Algae program
(Walsh et al. 1987)

Study conducted to GLP Not stated

Reliability of study Reliable
Relevance of study Relevant
Klimisch Code 2

Buetow D E, 1982 Editor The Biology of Euglenoids Volume III. New York: Academic.
Walsh G E, Deans C H and McLaughlin L L, 1987 Comparison of the EC50s of algal toxicity tests
calculated by four methods. Environmental and Toxicological Chemistry, 6, No. 10, 767–770.



Science Report Proposed EQS for chromium122

Reference 141

Information on the test species
Test species used Hydrilla verticillata

Life stage of the test species used Not stated

Holding conditions prior to test Not stated

Source of the test organisms Not stated

Information on the test design
Methodology used Not stated

Form of the test substance Chromium

Source of the test substance Not stated

Type and source of the exposure medium Not stated

Test concentrations used Not stated

Number of replicates per concentration Not stated

Number of organisms per replicate Not stated

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Not stated

Measurement of exposure concentrations No

Measurement of water quality parameters Yes

Test validity criteria satisfied Not stated

Water quality criteria satisfied Not stated

Endpoint comment
Study conducted to GLP Not stated

Reliability of study Unknown
Relevance of study Supporting information
Klimisch Code 4 (ECOTOX database document code M)



Science Report Proposed EQS for chromium 123

Reference 143

Information on the test species
Test species used Lemna gibba

Lemna minor
Life stage of the test species used Not stated

Holding conditions prior to test Standard growth conditions with sterile, 7-day
renewed nutrient solution. Clones acclimated
for 1 month at assay conditions.

Source of the test organisms L. gibba field collected El Pescado stream,
Buenos Aires Province, Argentina, L. gibba
clone (G3) and L. minor provided by Institute of
General Botany, Friedrich-Schiller-University of
Jena, Germany

Information on the test design
Methodology used Non standard

Form of the test substance Potassium dichromate

Source of the test substance Anedra

Type and source of the exposure medium Nutrient solution

Test concentrations used Nominal as Cr6+ six concentrations in range
0.1–5 mg l-1 (L. gibba) 0.05–3 mg l-1 (L. minor)

Number of replicates per concentration 3–4

Number of organisms per replicate 4–8 fronds

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Static partial renewal every 2–3 days.

Measurement of exposure concentrations No (total metal concentration verified in stock
solution by atomic absorption
spectrophotometry.

Measurement of water quality parameters Yes

Test validity criteria satisfied Not stated

Water quality criteria satisfied Not stated

Endpoint comment Taken from graph – question as to relevancy
as grown in nutrient solution

Study conducted to GLP Not stated

Reliability of study Reliable
Relevance of study Unknown
Klimisch Code 3



Science Report Proposed EQS for chromium124

Reference 145

Information on the test species
Test species used Ampelisca araucana

Life stage of the test species used Not stated

Holding conditions prior to test Not stated

Source of the test organisms Not stated

Information on the test design
Methodology used Not stated

Form of the test substance Potassium dichromate

Source of the test substance Not stated

Type and source of the exposure medium Not stated

Test concentrations used Not stated

Number of replicates per concentration Not stated

Number of organisms per replicate Not stated

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Not stated

Measurement of exposure concentrations No

Measurement of water quality parameters Temperature

Test validity criteria satisfied Not stated

Water quality criteria satisfied Not stated

Endpoint comment Not stated
Study conducted to GLP Not stated

Reliability of study Unknown
Relevance of study Relevant
Klimisch Code 4 (ECOTOX database document code M)



Science Report Proposed EQS for chromium 125

Reference 146

Information on the test species
Test species used Pimephales promelas

Life stage of the test species used 30 day, 0.15 g

Holding conditions prior to test Not stated

Source of the test organisms Not stated

Information on the test design
Methodology used Not stated

Form of the test substance Sodium dichromate

Source of the test substance Not stated

Type and source of the exposure medium Not stated

Test concentrations used Not stated

Number of replicates per concentration Not stated

Number of organisms per replicate Not stated

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Flow-through

Measurement of exposure concentrations Yes

Measurement of water quality parameters Yes

Test validity criteria satisfied Not stated

Water quality criteria satisfied Not stated

Endpoint comment
Study conducted to GLP Not stated

Reliability of study Unknown
Relevance of study Supporting information
Klimisch Code 4
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Reference 175

Information on the test species
Test species used Mesocyclops pehpeiensis

Life stage of the test species used 3–4-day-old nauplii: 48-hour test
<12-hour-old: 9-day test

Holding conditions prior to test Filtered water

Source of the test organisms Laboratory culture derived from single egg-
bearing female from reservoir in the northern
part of Hong Kong

Information on the test design
Methodology used Non-standard but adequately described

Form of the test substance Potassium dichromate

Source of the test substance Not stated

Type and source of the exposure medium Moderately hard synthetic water solution
(APHA 1995)

Test concentrations used Control + five test concentrations

Number of replicates per concentration 5

Number of organisms per replicate 6

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Static (48-hour test)
Semi-static (24-hour renewal) 9-day test

Measurement of exposure concentrations No

Measurement of water quality parameters Not stated

Test validity criteria satisfied Yes

Water quality criteria satisfied Not stated

Endpoint comment
Study conducted to GLP Not stated

Reliability of study Reliable
Relevance of study Relevant
Klimisch Code 2

American Public Health Association (APHA), 1995 Standard methods for the examination of water and
waste water (14th edn.). Washington: APHA.
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Reference 179

Information on the test species
Test species used Mytilus edulis

Life stage of the test species used Not stated

Holding conditions prior to test Not stated

Source of the test organisms Not stated

Information on the test design
Methodology used Not stated

Form of the test substance Chromium(VI)

Source of the test substance Not stated

Type and source of the exposure medium Not stated

Test concentrations used Not stated

Number of replicates per concentration Not stated

Number of organisms per replicate Not stated

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Static

Measurement of exposure concentrations Not stated

Measurement of water quality parameters Not stated

Test validity criteria satisfied Not stated

Water quality criteria satisfied Not stated

Endpoint comment Bioconcentration study. No effects on growth
at highest concentration tested.

Study conducted to GLP Not stated

Reliability of study Unreliable
Relevance of study Not relevant
Klimisch Code 3
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Reference 186

Information on the test species
Test species used 1. Physa fontinalis

2. Asellus aguaticus
3. Gammarus fossarum
4. Niphargus rhenorhodanensis
5. Hydropsyche pellucidula
6. Heptagenia sulphurea

Life stage of the test species used 1–4. adult
5 and 6. last-instar larvae

Holding conditions prior to test Acclimatised to laboratory conditions for 2 days
prior to testing

Source of the test organisms Organisms collected from field; Ain River 30
km upstream from Lyon (France) in July 1999;
240-hour test. River weakly contaminated but
regularly used as test station.

Information on the test design
Methodology used Subacute toxicity test.

Form of the test substance Potassium chromium stock solution

Source of the test substance Not stated

Type and source of the exposure medium Tests carried out with filtered river water
collected at the same time as organisms

Test concentrations used Three plus control – 2, 20 and 200 mg l-1

nominal
mean measured 1.88, 19.92 and 207.2 mg l-1

Number of replicates per concentration 3

Number of organisms per replicate 5

Nature of test system (static, semi-static or
flow-through, duration, feeding)

Flow-through – fed every 48 hours with
Tetramin

Measurement of exposure concentrations Yes. Samples taken every 24 hours. Analysis –
HACH colorimetric method*

Measurement of water quality parameters Yes

Test validity criteria satisfied Yes

Water quality criteria satisfied Yes

Endpoint comment Spearman–Karber method used to calculate
LC50 using measured concentrations of the
metal ion. Only three test concentrations at
wide intervals making LC50 calculation
unsuitable for risk assessment.

Study conducted to GLP Not stated
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Reliability of study Reliable
Relevance of study Supporting information
Klimisch Code 3

* Hach Company, 1992 HACH colorimetric method. Chromium, hexavalent, for water and wastewater,
Method 8023, In DR/2000 Spectrophotometer Procedures Manual (7th edn.). pp. 113–117. Loveland, CO:
Hach Company.
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Reference 193

Information on the test species
Test species used Daphnia magna

Life stage of the test species used <24 hours

Holding conditions prior to test US EPA standard protocol

Source of the test organisms Korea Research Institute of Chemical
Technology, Taejon, South Korea

Information on the test design
Methodology used Not carried out to a standardised methodology,

but the test procedure was described.
Form of the test substance 99.5% analytical grade potassium dichromate

Source of the test substance Aldrich Chemical Co., Milwaukee, WI

Type and source of the exposure medium Not stated

Test concentrations used Control + nine concentrations

Number of replicates per concentration 4

Number of organisms per replicate 5

Nature of test system (static, semi-static or
flow-through, duration, feeding)

static

Measurement of exposure concentrations Yes

Measurement of water quality parameters Yes

Test validity criteria satisfied Yes

Water quality criteria satisfied Yes

Endpoint comment Presence of Fe(II) decreased toxicity of Cr6+

due to reduction of Cr6+ to Cr3+ . Equilibration
of Fe(II) prior to addition of organisms had no
effect on Cr6+ toxicity. Lowest LC50 of 0.105
mg l-1 generated in the absence of iron.

Study conducted to GLP Not stated

Reliability of study Reliable
Relevance of study Relevant
Klimisch Code 2
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Reference 197

Information on the test species
Test species used Moina-australiensis (Sars)

Life stage of the test species used <24 hours

Holding conditions prior to test 23oC, pH 7.2 and water hardness 36 mg l-1 as
CaCO3

Source of the test organisms Laboratory culture origin not stated

Information on the test design
Methodology used Not carried out to a standardised methodology,

but the test procedure was described. Each
test repeated three times.

Form of the test substance Potassium dichromate

Source of the test substance Ajax Univar®
BDH AnalaR®
Mallinckrodt AR®

Type and source of the exposure medium Not stated

Test concentrations used 0, 0, 15, 25, 37.5, 60 µg l-1

0, 5, 10, 20, 40 and 80 µg l-1

0, 10, 20, 30, 50 and 80 µg l-1

Number of replicates per concentration 4

Number of organisms per replicate 5

Nature of test system (static, semi-static or
flow-through, duration, feeding)

static

Measurement of exposure concentrations Yes (Cr6+) at end of test (48 hours) by ICP-
AES*

Measurement of water quality parameters Yes

Test validity criteria satisfied Yes

Water quality criteria satisfied Yes

Endpoint comment Significant difference in EC50 for one of the
sourced substances

Study conducted to GLP Not stated

Reliability of study Reliable
Relevance of study Relevant
Klimisch Code 2

*ICP-AES = inductively coupled plasma atomic emission spectroscopy
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