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Acute and chronic sulfate toxicity to select freshwater organisms in water-only exposures
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The objective of this study was to generate acute and chronic
sulfate (Na,SO;) toxicity data to select freshwater fish and
invertebrates that could be used by USEPA to develop national
water qualiy criteria for sulfate and by states and tribes to refine
water quality standards for sulfate. Test water was diluted well
water (about 100 mg/L as CaCO, and a pH of about 8.2). Static
renewal, acute toxicity tests were conducted with cladoceran
(Ceriodaphnia dubia; 2-d exposure), midge (Chironomus dilutus;
4-d exposure), unionid mussel (pink mucket, Lampsilis abrupda;
4-d exposure), and fathead minnow (Pimephales promelas; 4-d
exposure). Chronic toxicity tests were conducted with the
cladoceran (7-d static renewal exposure with survival and
reproduction endpoints), the midge (41-d flow through exposure
with survival, weight, biomass, and reproduction endpoints), the
mussel and fathead minnow (28- to 34-d flow-through exposure
with survival, weight, and biomass endpoints). The results of the
acute tests indicate that (1) the cladoceran and the mussel were
more sensitive to sulfate than the fathead minnow and midge,
and (2) the larval fathead minnows were more sensitive than the
juvenile fathead minnows, and (3) midge were least sensitive.
The results of the chronic tests indicate that (1) the embryonic
and newly hatched fathead minnows were extremely sensitive to
sulfate (acute to chronic ratios [ACRS] of 34), (2) the cladoceran
was relatively insensitive to sulfate, unlike that observed in acute
tests (ACR: 2.3), (3) the mussel was more chronically sensitive
to sulfate than the cladoceran and midge. The draft Canadian
water quality guideline (WQG) for sulfate was below the EC20s
for the cladoceran and midge tested in our study, but was above
the EC20s for both the fathead minnow and the mussel,
indicating the draft Canadian WQG may not adequately protect
the fathead minnow or the mussel from chronic sulfate exposure.
Further studies are planned to determine the influence of water
quality on the chronic toxicity of sulfate to cladocerans and
fathead minnows.

Introductiol

State water quality standards for sulfate have been developed by
Ilinois and are being considered by other Midwestern states in
the United States (USEPA 2009). These state standards were
developed primarily with acute toxicity data. National USEPA
ambient water quality criteria (WQC) for sulfate have not been
developed. A recent study (Elphick et al. 2010) developed a
dataset base for chronic sulfate toxicity data to develop
Canadian water quality guidelines. However, further studies are
needed to provide a more direct measure of relationships
between the acute and chronic toxicity of sulfate to selected
species of aquatic organisms to develop the USEPA WQC for
sulfate or refine state water quality standards for sulfate. The
objective of this study was to generate acute and chronic sulfate
toxicity data to select freshwater fish and aquatic invertebrates.
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Materials and Methods

Table 1 summarizes the test conditions for acute and chronic exposures for
each of the four species, following standard methods in ASTM (2011a,b,c.d.e).
Midge, mussel, and fish chronic tests were conducted in intermittent flow-
through diluter systems. The solution of Na,SO, for the highest sulfate
concentration was prepared in a 4,000-L polypropylene tank and was delivered
to a glass cell associated with the modified diluters (Photo 1).
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Acute toxicity tests:

+ Mean control survival of test organisms in all acute tests was >93%,
meeting the test acceptability criterion of >90% for control survival
(ASTM 2011a,b,d.e; Table 1).

« Cladoceran: The 48-h EC50s for the cladoceran from the four tests
were similar, ranging from 2,241 to 2,441 mg SO,/L (Figure 1).

+ Fathead minnow: The 96-h EC50 for newly hatched fathead minnow
(4,833 mg SO, /L) was about 2-fold lower than the EC50 for about 30-d-
old juveniles (10,869 mg SO,/L, only larval fathead minnow EC50 is
included in Figure 1).

« Midge: The midge were least acutely sensitive to sulfate with a 96-h
EC50 of 5,992 mg SO,/ (Figure 1).

Mussel: The 96-h EC50 for mussels from the flow-through test with
feeding (2,149 mg SO, /L) was comparable to the EC50 from the static-
renewal with no feeding (2,362 mg SO,/L).

Results and Discussion (cont.)

Chronic toxicity tests:

+ Mean control survival or reproduction of test organisms in all chronic tests met the test acceptability criterion (ASTM 2011a,b,d,e; Table 1). Sublethal endpoints (weight or
reproduction) were more sensitive to survival for all four tested species (Figure 1).

.c : Thre tests were Alow number of young (<8) were produced i low to high sulfate concentrations in Test 1 and no EC20 for
reproduction could be eatmated because the data did not moet e conditions for any regression analysis. The EC20s for reproduction from Tests 2 and 3 were similar
between Test 2 (932 mg SO,/L) and Test 3 (1,064 mg SO,/L).

Fathead minnow: Three fathead minnow tests were conducted. The fish tended to hatch earlier in the higher sulfate exposure concentrations and high mortality was
observed at or above 800 mg SO, in all three tests by Day 7 of the exposures (Figure 2). The 34-d biomass of fathead minnows were reduced at very low concentrations
of sulfate (EC20 ranging from 106 to 185 mg SOL).

+ Midge: The 7-d ash-free dry weight of midge larvae (EC20 of 977 SO,/L) was most sensitive to sulfate compared to survival or to the reproductive endpoints (EC20 ranging
from 1,819 to >3,223 SOL).

Mussel: The dry weight EC20 was 696 mg SO,/L and the ash-free dry weight EC20 was 640 mg SO,/L, whereas the EC20 for survival was 1,759 mg SO,/L.

The draft Canadian WQG (644 mg SO,/L) calculated for moderately hard water conditions (similar to our test water) using a species sensitivity approach (Elphick et al. 2010)
was below the EC20s for the cladoceran and midge tested in our study, but was above the EC20s for fathead minnow and the mussel (Figure 1), indicating the draft
Canadian WQG may not adequately protect fathead minnow and the mussel from chronic sulfate exposure. Notably, the fathead minnow test in the study of Elphick et al.
(2010) was conducted for only 7 days starting with newly hatched larvae, while our early life-stage tests were conducted for 34 days starting with embryos.
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Figure 1. Acute sulfate EC50 and chronic EC20 for cladoceran (Ceriodaphnia dubia), fathead
minnow (Pimephales promelas), midge (Chironomus dilutus), and pink mucket (mussel, Lampsilis
abrupda). Dashed line indicates the Canadian draft water quality guidelines (WQG) for sulfate
(following the SSD approach, hardness 80-100 mgiL; Elphick et al. 2011). Acute to chronic ratio
was calculated based on acute EC50 for survival and chronic EC20 for the most sensitive.
endpoint

Figure 2. Hatch and survival of fathead minnow (Pimephales promelas) during the
first 7-d exposure in three 34-d early life-stage sulfate toxicity tests. Asterisk.
indicates significant reduction relative to the Gontrol (p < 0.05).

Acute to chronic toxicity relationships:

+ Acute to chronic ratio (ACR) for each species was calculated based on acute EC50 and chronic EC20 for the most sensitive sublethal endpoint (Figure 1). The ACR
for the fathead minnow was about 6- to 15-fold greater than ACRs for the other three test species.

Conclusions

+ Acute tests indicate that the cladoceran and the mussel were more
sensitive to sulfate than the fathead minnow and midge.

+ Chronic tests indicate that the embryonic and newly hatched fathead
minnows were extremely sensitive to sulfate (acute to chronic ratios
[ACRs] of 34). In contrast, the cladoceran was relatively insensitive to
sulfate in chronic tests, unlike that observed in acute tests (ACR: 2.3).
The mussel was more chronically sensitive to sulfate than the
cladoceran and midge.

+ The draft Canadian water quality guideline for sulfate protects the
cladoceran and midge tested in our study, but may not adequately
protect the fathead minnow or the mussel tested in our study.

+ Sulfate toxicity may be influenced by water hardness and chloride, as
seen in previous studies. Further studies are planned to determine the
influence of water quality on the chronic toxicity of sulfate to cladocerans
and fathead minnows.
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