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HIGHLIGHTS

e Acute and chronic NO3 toxicity to aquatic organisms assessed.

o Hyalella azteca and Ceriodaphnia dubia most sensitive to effects of nitrate.

o Strong influence of ionic strength on nitrate toxicity.

e 2—10-fold reductions in chronic NO3 toxicity as water changed from soft to hard.
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A suite of acute and chronic toxicity tests were conducted to evaluate the sensitivity of freshwater or-
ganisms to nitrate (as sodium nitrate). Acute exposures with rainbow trout (Onchorhynchus mykiss) and
amphipods (Hyalella azteca), as well as chronic exposures with H. azteca (14-d survival and growth),
midges (Chironomus dilutus; 10-d survival and growth), daphnids (Ceriodaphnia dubia; 7-d survival and
reproduction), and fathead minnows (Pimephales promelas; 7-d survival and growth) were used to
determine sublethal and lethal effect concentrations. Modification of nitrate toxicity was investigated
across a range of ionic strengths, created through the use of very soft water, and standard preparations of
synthetic soft, moderately-hard and hard dilution waters. The most sensitive species tested were C. dubia
and H. azteca, in soft water, with reproduction and growth IC25 values of 13.8 and 12.2 mg/L NOs-N,
respectively. All of the organisms exposed to nitrate demonstrated significantly reduced effects with
increasing ionic strength associated with changes in water type. Possible mechanisms responsible for the
modifying effect of increasing major ion concentrations on nitrate toxicity are discussed.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

of nitrogen have increased concentrations of nitrate in many
aquatic environments (Puckett, 1995), exceeding 25 and 100 mg/L

Nitrogen is an essential element for all organisms, being a major
component of amino acids, nucleic acids, and other biological
materials. In aquatic environments, biologically-available nitrogen
occurs primarily in the chemical forms of ammonia, nitrite and
nitrate, with the relative concentrations of these materials deter-
mined by biological and chemical processes associated with the
nitrogen cycle. Nitrate is the most common aqueous form of ni-
trogen, and is produced primarily from the oxidation of plant and
animal debris (Camargo and Alonso, 2006). Anthropogenic sources
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NO3-N in contaminated surface and ground waters, respectively
(Camargo and Alonso, 2006). Mining activities often discharge ni-
trate into receiving environments, primarily as a result of use of
nitrogen-containing blasting agents, such as ammonium nitrate/
fuel oil or AN/FO (Camargo et al., 2005; Zaitsev et al., 2008).
Significant research has been conducted on the toxicity of
ammonia and nitrite, however, less information is available
regarding the concentrations of nitrate which cause adverse effects
to aquatic organisms. Direct nitrate toxicity has previously been
considered to be negligible, and concern was primarily associated
with the potential for nitrate to stimulate eutrophication (Camargo
and Alonso, 2006). However, studies have demonstrated that
environmentally-relevant concentrations of nitrate can lead to
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direct toxicity to aquatic organisms (Camargo et al., 2005).

Inhibition of the oxygen-carrying capacity of hemoglobin has
been implicated as the cause of reduced performance of aquatic
organisms in the presence of elevated concentrations of nitrate
(Grabda et al.,, 1974). This toxic action is similar to that of nitrite
(Lewis Jr and Morris, 1986), likely due to reduction of nitrate to
nitrite in the blood (Guillette and Edwards, 2005) resulting in a
similar metabolic pathway involving production of nitric oxide
(Hannas et al., 2010). Effects on osmoregulation resulting from ni-
trate exposures have also been identified (Gulyassy et al., 1962;
Hrubec et al., 1997).

Research related to the toxicity of ammonia and nitrite has
identified key toxicity-modifying factors for these compounds (i.e.,
pH and chloride, respectively); these factors have been incorpo-
rated into water quality benchmarks for these constituents (British
Columbia Ministry of Environment, 2009; Canadian Council of
Ministers of the Environment, 2010; U.. Environmental
Protection Agency, 2013). Due to a limited focus on evaluating
toxicity of nitrate, regulatory agencies have developed guidelines
based on limited datasets (British Columbia Ministry of
Environment, 2009; Canadian Council of Ministers of the
Environment, 2012; Environment Australia, 2000) and the role of
toxicity-modifying factors for nitrate has not been comprehen-
sively evaluated, although the effect of chloride on toxicity of ni-
trate to amphipods has been reported (Soucek and Dickinson,
2016).

The aquatic toxicity of sulphate and chloride has been reported
to be reduced with increasing water hardness (Davies and Hall,
2007; Elphick et al., 2011a, 2011b; Lasier and Hardin, 2010;
Soucek and Kennedy, 2005), although the mechanism associated
with this effect has not yet been clearly defined. The effect of water
hardness on the toxicity of nitrate has not previously been evalu-
ated, although the potential for this interaction has been hypoth-
esized (Camargo et al., 2005; Scott and Crunkilton, 2000).

This study was designed to expand upon the available data on
the toxicity of nitrate using additional freshwater species, while
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exploring the relationship between nitrate toxicity and the ionic
characteristics of water (e.g., hardness). The relationships between
nitrate and water quality characteristics are potentially significant
in understanding mechanisms of nitrate toxicity and in establishing
whether toxicity modifying factors should be incorporated into
water quality benchmarks for nitrate.

2. Methods

Toxicity tests were conducted at Nautilus Environmental (Bur-
naby, BC, Canada) in walk-in environmental chambers with tem-
perature (+1 °C) and photoperiod (16:8 light:dark) control. Water
quality parameters, including dissolved oxygen, pH and tempera-
ture, were recorded daily throughout the exposures.

Test waters were prepared by addition of reagent-grade salts to
achieve the target water hardness types, with the exception of very
soft water (i.e., 10—15 mg/L as CaCOs3), which was dechlorinated
Metro Vancouver municipal tap water. Salt additions followed the
ratios of salts specified by USEPA (U.S. Environmental Protection
Agency, 2002), with the exception of tests using Hyalella azteca
and Chironomus dilutus, which employed a recipe containing a
higher concentration of chloride, as described by Environment
Canada (Environment Canada, 1997a).

Tests using rainbow trout (Onchorhynchus mykiss) and fathead
minnows (Pimephales promelas) were conducted at four hard-
nesses: very soft water (VSW, 10—15 mg/L as CaCOs3); soft water
(SW, 40-55 mg/L as CaCOs); moderately-hard water (MHW,
80—100 mg/L as CaCO3); and hard water (HW, 160—180 mg/L as
CaCO0s3). The invertebrate species (i.e., Ceriodaphnia dubia, C. dilutus
and H. azteca) were tested at the three higher hardnesses (Table 2).
These water types are commonly used in evaluations of water
hardness as a toxicity modifying factor; however, in addition to ions
contributing to hardness (i.e., Ca and Mg) other major ions (i.e., Na,
K, HCOs, Cl and SO4) also co-vary in these water types (Table 1).
Hardness and alkalinity were measured on waters at test initiation
using titration techniques.

Water chemistry for dilution waters used in nitrate exposures. Nominal concentrations based on salt additions (mg/L).

Constituent (mg/L) P. promelas/O. mykiss C. dubia H. azteca/C. dilutus

AW SW MHW HW SW MHW HW SW MHW HW

Na 1.8 15.0 28.1 54.4 13.1 26.3 52.5 15.0 28.1 54.4

Mg 0.1 6.2 123 244 6.1 12.7 24.2 3.2 6.2 123

Ca 39 109 179 31.8 7.0 14.7 27.9 18.7 335 63.2

K 0.2 1.2 23 44 1.0 2.1 4.2 1.2 2.3 44

HCO3 11.0 459 80.8 150.5 349 69.7 139.5 45.9 80.8 150.5

Cl 2.0 29 39 5.8 1.0 1.9 3.8 18.8 36.0 69.4

SO4 2.7 434 84.0 165.4 40.7 85.4 162.7 28.6 54.5 106.4
pH 6.9-7.3 7.3-7.7 7.7-8.0 7.9-83 7.6—7.9 8.1 8.2-84 7.4-7.7 7.7-8.0 8.0-8.2
Hardness (as CaCO3) 10—15 40-55 80—100 160—180 40-55 80—100 160—180 40-55 80—-100 160—180

Very soft water: 10—15 mg/L as CaCOs; soft water: 40—55 mg/L as CaCO3; moderately-hard water: 80—100 mg/L as CaCOs; and, hard water: 160—180 mg/L as CaCOs.

Table 2
Summary of toxicity test endpoints and test concentrations.

Test species Test duration

Test endpoint(s)

Nominal concentrations tested (mg/L NO5-N)

0. mykiss 96-hr Survival

H. azteca 96-hr Survival
14-day

C. dilutus 10-day

C. dubia 7 + 1 day

P. promelas 7-day

Survival, growth
Survival, growth
Survival, reproduction
Survival, growth

312, 625, 1250, 2500, 5000

103, 206, 412, 824, 1647

107, 20, 40, 80, 160, 320, 640°
107, 20, 40, 80, 160, 320, 640°
5¢, 10, 20, 40, 80, 160, 320, 640
50, 100, 200, 400, 800, 1600

¢ Tested in soft water only.

b Tested in moderately hard and hard water only.
¢ Tested in moderately hard water.

d Tested in soft water and hard water.
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Nitrate was added using reagent-grade sodium nitrate; con-
centrations used in each test are shown in Table 2. Nitrate was
measured in all test concentrations at initiation of the tests. In
chronic toxicity tests, nitrate was also measured in a subset of
concentrations bracketing the effect level at test termination. Ni-
trate was measured using ion chromatography (U.S. Environmental
Protection Agency, 1993) with detection by UV absorbance by ALS
Environmental (Burnaby, BC, Canada).

2.1. Rainbow trout

Acute toxicity tests using rainbow trout (0. mykiss) were con-
ducted according to the Environment Canada test method for this
species (Environment Canada, 2000). Exposures were conducted in
20-L glass aquaria containing 10 L of test solution and ten fry
ranging from 0.3 to 0.6 g. Fish were obtained from the Fraser Valley
Trout Hatchery (Abbotsford, BC, Canada) and were acclimated in
the laboratory for at least two weeks prior to testing. Tests were
conducted at 15 + 1 °C and the test solutions were aerated
continuously at a rate of 65 + 10 mL per minute throughout the
exposure period. The solutions were not renewed and the test or-
ganisms were not fed during the exposure. Survival of the test or-
ganisms were recorded daily throughout the tests; control
performance of >90% survival was required for the test to be
considered acceptable.

2.2. Amphiphods

Acute (96-h) and chronic (14-d) toxicity tests using H. azteca
were adapted from methods published by Environment Canada
(Environment Canada, 1997a); the tests were initiated using 6—8
day old amphipods obtained from Aquatic Biosystems (Fort Collins,
CO). The acute exposures were conducted using triplicate 200 mL
volumes in glass jars with no solution renewal, and feeding using
digested yeast, Cerophyll and trout chow (YCT; 1.5 mL in each
replicate) at test initiation and after 48 h of exposure. Chronic
toxicity tests were conducted using clean sediment comprised of
beach-collected sand, supplemented with peat at a rate of 2% by
weight. Test methods were modified from Environment Canada
procedures for sediment toxicity tests (Environment Canada,
1997a) by incorporating test solution renewal three times per
week throughout exposure with freshly-prepared test solutions, at
which time YCT (1.5 mL per replicate) was added as food. These
tests were conducted using four replicates per concentration in
glass jars containing 100 mL of control sediment and filled to
275 mL with the test solutions. The exposures were conducted at
23 + 1 °C and the overlying water aerated gently throughout
exposure. Surviving amphipods were dried at the end of the test on
pre-weighed aluminum pans and dry weight was determined. Both
acute and chronic exposures were conducted using 10 test organ-
isms per replicate. Control survival of >90 and > 80% was required
for the acute and chronic exposures, respectively, to meet test
acceptability criteria. In addition, the chronic test required that
control amphipods achieve at least 0.1 mg dry weight at test
termination.

2.3. Chironomids

Chronic toxicity tests using C. dilutus were conducted in a
similar manner to that described for H. azteca, with the exception
that the test duration was 10 rather than 14 days. The tests were
initiated with third instar larval midges obtained from Aquatic
Biosystems, and the exposure chambers were fed with 6 mg of
Tetramin each day. These methods were adapted from Environ-
ment Canada test methods for evaluating sediment samples using
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this species (Environment Canada, 1997b). The tests were consid-
ered acceptable if the control survival was >70% and dry weight of
the surviving larvae was >0.6 mg.

2.4. Daphnids

Chronic toxicity tests using C. dubia were conducted according
to the Environment Canada test method for this species
(Environment Canada, 2007) in 15-mL volumes in 18-mL glass test
tubes. Exposures of each concentration comprised 10 replicates,
each initiated with a single <24-hr old daphnid obtained from in-
house cultures. The organisms were cultured at the three test wa-
ter hardnesses for at least two generations prior to test initiation.
Exposure waters were renewed with freshly-prepared solutions
daily, at which time they were fed a mixture of green algal cells
(Pseudokirchneriella subcapitata) and YCT. Exposures were con-
ducted at 25 + 1 °C and survival and reproduction were recorded
daily. Exposures were terminated after 7 + 1 days, when at least
60% of the control organisms had produced their third brood. The
tests were considered acceptable if the control organisms had >80%
survival and produced an average of >15 neonates in three broods
during the test.

2.5. Fathead minnows

Fathead minnow tests were conducted according to test
methods for this species described by Environment Canada
(Environment Canada, 1992), involving a 7-d exposure, initiated
with <24-hr post-hatch fish, which were obtained from Aquatic
Biosystems. Tests were conducted using three replicates with ten
fish in 300 mL glass jars containing 250 mL of solution. The tests
were conducted at 25 + 1 °C. Fish were fed with brine shrimp
(Artemia salina) and solutions were renewed daily throughout the
exposure period. At the end of the test, surviving fish were dried on
pre-weighed aluminum pans and weighed. Endpoints from the test
were survival and biomass, and the tests were considered accept-
able if > 80% survival was observed in control exposures.

2.6. Quality assurance/quality control

Reference toxicant tests, involving exposure of the organisms to
a range of concentrations of a known toxicant, were conducted
using all species evaluated in this study, and the results of the tests
were compared with a control chart of toxicity test data produced
previously in the laboratory. Reference toxicants used were as fol-
lows: sodium dodecyl sulphate (SDS) for rainbow trout, potassium
chloride for C. dilutus, and sodium chloride for the remaining three
species. The duration of the reference toxicant tests were the same
as the individual tests, with the exception of the 14 and 10-d tests
using H. azteca and C. dilutus, which utilized a 96-hr static exposure
for the reference toxicant tests, as recommended by Environment
Canada (Environment Canada, 1997a, 1997b).

2.7. Statistical analyses

Statistical analyses were conducted using CETIS (Tidepool
Software; McKinleyville, CA), according to procedures described by
Environment Canada (Environment Canada, 2005) for calculating
point estimates. Survival data were analyzed using probit or logit
multiple linear estimation, where possible, and quantitative data
for reproduction and growth were analyzed using non-linear
regression in cases where model assumptions were met. Linear
interpolation of log-transformed data was used in cases where the
assumptions of the models described above were not met. Simple
regression analyses were conducted using Microsoft Excel to
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determine the effect of water chemistry on nitrate endpoints.

3. Results

The results of all toxicity tests met requirements specified in the
test methods for control performance and water quality parameters
remained within the ranges specified in the corresponding test
methods. The reference toxicant test results fell within the range of
acceptable results (i.e.,, mean + 2 standard deviations) from his-
torical tests with these species, indicating that the organisms were
of acceptable sensitivity.

Measured concentrations of nitrate were in agreement with
target concentrations of nitrate; analyzed values were an average of
99 + 7% of the nominal concentrations across all of the tests.
Measured concentrations were used in determining effect con-
centrations. Test data for each test concentration are provided in
the Supplementary data.

Acute toxicity testing with juvenile rainbow trout resulted in
median lethal concentrations (i.e., 96-hr LC50) that ranged from
808 mg/L NOs-N in very soft water to 1913 mg/L NOs-N in hard
water. Testing with 6—8 day old H. azteca produced 96-hr LC50
values that increased from 168 to 485 and 921 mg/L NOs-N in soft,
moderately-hard and very hard water, respectively (Table 3). A
clear reduction in toxicity with increase in water hardness was
apparent in tests using both species (Fig. 1).

Lethal (LC50) and sublethal (IC25; concentration resulting in a
25% reduction) effect concentrations from chronic tests conducted
with H. azteca, C. dilutus, C. dubia and P. promelas are summarized in
Table 4. A similar trend to that observed with the acute tests was
observed with each of these species, with lower nitrate toxicity
associated with organisms exposed in waters with higher concen-
trations of major ions.

Table 3
Results from 96-hr acute toxicity tests with nitrate (mg/L NOs3-N).

Test species Hardness (mg/L CaCOs3) LC50 (95% Confidence limits)

0. mykiss 11 808 (639—1023)
54 1446 (1192—1754)
90 1958 (1360—2820)
164 1913 (1340—2730)
H. azteca 44 168 (143—197)
100 485 (435—540)
164 921 (808—1049)
10000 =
z ' A
©, 1000 - o
z | ||/ll/.I
V4
a ]
= 100 -
é E
s ]
Q 10 5
] ]
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Water hardness (mg/L, as CaCO3)
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R2=1 R2=0.95
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C. dubia was the most sensitive of the tested species across water
types, with reproduction IC25 values ranging from 13.8 to 47.5 mg/L
NOs3-N, as the water hardness increased. Sensitivities of the
chironomid, C. dilutus, and the amphipod, H. azteca, were in a
similar range, as growth IC25 values increased from 48.8 to 178 mg/
L NOs3-N for C. dilutus and from 12.2 to 181 mg/L NOs-N for H. azteca,
across the soft to hard water types. Fathead minnows were the least
sensitive of the four species tested for chronic toxicity, with IC25
values ranging from 69.6 to 402 mg/L NOs-N in dilution waters that
ranged from very soft to hard conditions.

4. Discussion

Data presented in this study add to the current knowledge on
the sensitivity of aquatic organisms to nitrate while also high-
lighting the important role of water chemistry on toxicity. The re-
sults from this study show a relationship between the sensitivity to
nitrate and the ionic composition of the test solution. Strong cor-
relations were observed between both acute LC50 and chronic IC25
endpoints and water hardness [(ie., correlation coefficients: R?
ranging from 0.85 to 1.0 (Fig. 1),]. However, other major ions co-
varied with hardness in the water types used and, therefore, ions
other than calcium and magnesium could have contributed to the
observed effect on toxicity of nitrate.

The sensitivity of rainbow trout observed in this study was
similar to a 96-hr LC50 of 1355 mg/L NOs-N for O. mykiss fingerlings
reported by Westin (1974), and was within the range of
1010—1975 mg/L NO3-N summarized by Camargo et al. (2005) in a
review of nitrate toxicity to freshwater fish. Previous studies have
not investigated modifying factors of acute nitrate toxicity to fish,
and further work is warranted to identify the mechanism respon-
sible for the effect of water chemistry on toxicity observed during
this study.

The sensitivity observed in acute exposures to H. azteca in the
current study are consistent with those reported by Soucek and
Dickinson (2012), Soucek et al. (2015) and the USEPA (2010). Re-
sults for this species from each of these studies are shown in Fig. 2
on the basis of chloride concentration in the test waters; chloride
has been identified as a modifying factor for acute nitrate toxicity to
H. azteca (Soucek and Dickinson, 2016). A significant relationship
was observed between LC50 values and chloride concentration
(p < 0.01) suggesting that chloride may explain some or all of the
effect of water type observed in this study with this species.
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Water hardness (mg/L, as CaCO3)
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# Cladoceran repr. (7d) Fathead growth (7 d)
R2=10.95 R2=0.98

Fig. 1. Acute and chronic effects of nitrate shown as a function of water hardness.
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Table 4
Results from chronic nitrate toxicity tests using C. dubia, C. dilutus, H. azteca and
P. promelas.

Test Hardness Endpoint mg/L NO3-N (95%
Species (as mg/L CaCO3) Confidence limits)
H. azteca 46 Survival 14-d LC50 124 (106—145)
86 14-d LC50 275 (243-312)
172 14-d LC50 >622
46 Growth 14-d IC25 12.2 (0.6—59.0)
86 14-d IC25 116 (47.4—183)
172 14-d IC25 181 (102—274)
C. dilutus 46 Survival 10-d LC50 114 (96.3—134)
86 10-d LC50 222 (191-257)
172 10-d LC50 342 (301-387)
46 Growth 10-d IC25 48.8 (30.8—95.5)
86 10-d IC25 102 (89.4—122)
172 10-d IC25 178 (153—191)
C. dubia 44 Survival 7-d LC50  62.0 (37.0—-83.0)
98 7-d LC50 120 (110—130)
166 7-d LC50 127 (102—160)
44 Reproduction 7-d IC25 13.8 (4.2—-24.5)
98 7-d1C25  23.5(8.7-31.1)
166 7-d1C25  47.5(26.5-56.2)
P. promelas 12 Survival 7-d LC50 117 (103 -132)
50 7-d LC50 235 (200—-276)
94 7-d LC50 415 (358—481)
168 7-d LC50 465 (398—543)
12 Growth 7-d1C25  69.6 (44.4—-86.4)
50 7-d1C25 209 (NC—248)
94 7-d1C25 358 (158-567)
168 7-d1C25 402 (193—477)

NC: Not calculable.

Contrary to the results for H. azteca, Soucek and Dickinson
(2016) reported that there was no interaction between chloride
and toxicity of nitrate in chronic toxicity tests using C. dubia con-
ducted at a hardness of 90 mg/L; EC20 estimates ranged from 80 to
263 mg/L NOs3-N demonstrating large variability but no depen-
dence on chloride concentration. Scott and Crunkilton (2000) also
reported results from chronic toxicity tests using C. dubia; point
estimates were not presented for reproduction, but a MATC value of
30.1 mg/L NO3-N was determined in a hardness range of
150—184 mg/L. The reproduction effect concentrations reported
here were similar to those reported by Scott and Crunkilton (2000),
but somewhat more sensitive than those reported by Soucek and
Dickinson (2016). The water formulation used in Soucek and
Dickinson (2016) was lower in sulfate, higher in chloride, and
differed in terms of the ratio of calcium to magnesium, in com-
parison to the waters used in this study (Table 1). None of the major
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ions were significantly correlated with 7-d C. dubia nitrate 1C50
values when the data for the two studies were compared as a whole
(p > 0.05). It has been reported that acute toxicity of sulphate is
reduced to a greater extent in waters with a higher calcium to
magnesium ratio (Davies and Hall, 2007), and it is possible that the
lower sensitivity observed by Soucek and Dickinson (2016) could
relate to a similar effect.

While acute nitrate toxicity data for some benthic organisms are
available (Camargo et al., 2005; Pandey et al., 2011; Soucek and
Dickinson, 2012), relatively few chronic toxicity data are available.
The chronic toxicity endpoints determined here for H. azteca (with
EC50s ranging from 50.6 to 181.0 mg/L NOs) were slightly less
sensitive than those reported by Soucek and Dickinson (2016) for
this species (with EC50s ranging from 32 to 86 mg/L NO3); however,
this may be explained by the longer test duration used in their
study (42-d). Chronic effects of nitrate on C. dilutus have not pre-
viously been reported in the literature. The results presented here
indicate that sensitivity of C. dilutus to nitrate is comparable to that
of H. azteca; C. dilutus and H. azteca sublethal endpoints were
similar in MHW and HW, although H. azteca was four-fold more
sensitive to nitrate than C. dilutus in SW.

The fathead minnow was the least sensitive species tested using
chronic exposures to nitrate; this finding is consistent with previ-
ous work by other researchers. Nitrate exposures at a hardness of
156—172 mg/L resulted in a MATC for growth of 506.6 mg/L NO3-N
(Scott and Crunkilton, 2000) which is comparable to the 1C25 of
402 mg/L NOs3-N reported here for the hard water exposure.

We have presented compelling evidence that ionic composition
influences the toxicity of nitrate. Effects of water type on the
toxicity of nitrate could be the result of competitive exclusion at
uptake sites by other anions (i.e., chloride, bicarbonate, sulfate), as
has been observed by the role of chloride on H. azteca sensitivity to
nitrate (Soucek and Dickinson, 2016), or may result from effects of
cations such as calcium on membrane permeability. Further
investigation into the mechanism(s) behind the effect of water type
will help to further refine the role of individual water constituents
in modifying nitrate toxicity. In general, with respect to nitrate
sensitivity, marine organisms appear to be less sensitive than
freshwater organisms (Camargo et al., 2005; Tsai and Chen, 2002)
possibly highlighting the importance of physiological aspects of
ionoregulation in the toxicity of nitrate.

Adverse effects were observed in this study at nitrate concen-
trations that can be found in polluted surface waters (Camargo
et al.,, 2005). However, sensitivity of all of the organisms tested
was reduced with increasing ionic strength of the test waters. Thus,

10000 7
] @ US EPA (2010)
Z 1000 -
g M Present study
e ]
'én 100
; Soucek and
3] ] Dickinson (2012)
= 1 2
< 10 -
®° E X Soucek and
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Chloride in test water (mg/L)

Fig. 2. Relationship between the LC50 of nitrate for Hyalella azteca and chloride concentration in the test water.
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water quality guidelines that are based on toxicity tests conducted
in very soft water may overestimate the risk of adverse effects in
conditions where the ionic strength of the water is higher.
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