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Both selenium (Se) and antimony (Sb) are toxic and have been listed as priority
pollutants by the US Environmental Protection Agency (US EPA). Substantial
quantities of Se and Sb enter aquatic ecosystems from both natural and
anthropogenic sources. Anthropogenic sources account for about 41 x 10° kg/yr
and 18 x 10° kg/yr of Se and Sb, respectively (Nriagu and Pacyna, 1988). The
major anthropogenic sources of these elements are fossil fuel burning and
industrial waste from metal smelters and steel plants (Nriagu and Pacyna, 1988).
The ultimate sink for Se and Sb is the marine environment. Although, the toxicity
of Se to freshwater organisms has been extensively studied (US EPA, 1987),
toxicities of Se and Sb to marine organisms are not well examined.

Both elements can exist in several oxidation states in seawater. Three oxidation
states of Se in oxic seawater, Se(-1I), Se(IV), and Se(VI), have been reported
(Cutter and Bruland, 1984; Takayanagi and Wong, 1985), while two oxidation
states of Sb in oxic seawater, Sb(III) and Sb(V), have been detected (Bertine and
Lee, 1983; Middleburg et al., 1988). As toxicities of these elements may be
different depending on their oxidation state, it is necessary to examine the toxicity
of each chemical form separately to assess its environmental effects on the marine
ecosystem. Here we report acute toxicity of Se(IV), Se(VI), Sb(IlIl), and Sb(V) to
red seabream, Pargus major, an important commercial saltwater fish.

MATERIALS AND METHODS

Juvenile Pargus major were obtained from Shizuoka Prefectural Field Station
(Hamaoka, Shizuoka). They were spawned, hatched out artificially, and fed on a
formula feed (Kyowa Hakko Co., Tokyo). Feeding was stopped two days before
the experiments. Initial body weights are shown in Table 1.
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Test solutions were made by adding a small amount of a stock solution containing
Se(1V), Se(VI), Sb(IIl), or Sb(V) to seawater. The stock solution with Se(IV) was
made with NaSeQ;, that with Se(VI) with NaSeO,, that with Sb(III) with SbCl,,
and solutions with Sb(V) were made with SbCl; and with K[Sb(OH),]. All the
reagents used were analytical grade. The seawater used was first passed through
sand and activated-charcoal filters. The salinity of seawater was 33.7 ppt.

Acute toxicity tests were conducted in 30-L glass aquaria according to the
procedures recommended by American Society for Testing and Materials (1998).
A group of 8 P. major (about 3 month old) was transferred to each aquarium and
exposed to a range of concentrations, as shown in Table 1, for up to 96 hours
under static conditions at 20£1 °C. The Se and Sb concentrations of the test
solutions were verified at the beginning and at the end of the experiment by
determining the actual concentrations using the hydride-generation atomic-
absorption method (Grasshoft et al., 1983). The pH was also determined every
day. In order to maintain an adequate oxygen level, each aquarium was aerated.
Mortality of test fish was recorded after 24, 48, 72, and 96 hr exposure. Median
lethal concentration (L.C;,) values were estimated by probit analysis. No mortality
occurred in the control.

Table 1. Experimental conditions for the Se and Sb acute toxicity tests

Group Body Weight*  Test Solution Range of pH Range of
of P. major Concentration Test Solution
Tested
(&) (mg/L, as Se or Sb)
1 2.05+0.14 Control - 79-82
2 2.0440.11 HC1 - 5.0
3 2.03%0.09 Se (IV): NaSeO, 5.4-18.2 7.8-8.1
4 2.05%£0.10 Se (VI): NaSeO, 40 - 137 7.8-8.1
5 2.7440.16 Sb (HII): SbCl, 7.8-25.7 49-7.8
6 2.9440.15 Sb (V): SbCl, 0.40 - 1.06 7.8-8.1
7 2.8840.18 Sb (V) 2.8-10.3 7.8-8.1

*: mean + S.D.
RESULTS AND DISCUSSION

The acute toxicities of Se(IV), Se(VI), Sb(IIl), and Sb(V) found for P. major are
listed in Table 2. As expected, L.C,, progressively decreased as the duration of
exposure increased. The exception was Sb(V). The LC,,’s were constant over 96
hrs: 0.93 mg/L using SbCl; and 6.9 mg/1. using K[Sb(OH)]. For the SbCl, test, a
decrease in the pH of the test solution was found (Table 1). Therefore, a low pH
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seawater was prepared with HCI for use as a control for the SbCl, test in order to
assess pH effects. All the test fish survived in the HCl-adjusted seawater.
Therefore, pH was a negligible factor, and the mortality found in the SbCl,
dilution waters was considered to have been caused by the SbCl,.

Table 2 LCy, values (mg/L, as Se or Sb) of the Se and Sb species for P. major

Se (IV) Se (VI) Sb (TI0) Sb (V) Sb (V)

NaSeO,  NaSeO, SbCl, SbCl,  K[Sb(OH),]
24hrLCy, 15.0 >137 15.5 0.93 6.9
48hrLC,, 12.2 >137 15.5 0.93 6.9
72hrLCy, 12.0 107 15.2 0.93 6.9
96hrLCs, 11.5 76 12.4 0.93 6.9

The different oxidation states of each element caused diverse effects on the test
fish. P. major appeared to be more sensitive to Se(IV) than to Se(VI). Se(IV), the
lower oxidation state, was about seven times more toxic than Se(VI). The 96-hr
LCy, was 11.5 mg/L for Se(IV), but 76 mg/L for Se(VI). Most of the published
data on the acute toxicity to fish of Se is for the Se(IV) form. Furthermore, only a
few data exist for saltwater (or saltwater acclimatize) fish. Some of the published
data are included in Table 3. Reported 96-hr LCs, values for Se(IV) range from
0.6 mg/ L on haddock (Melanogrammus aeglefinus) larva to 32.5 mg/L on coho
salmon (Oncorhynchus kisutch) fry. On the other hand, for Se(VI) they range from
9.8 mg/L on striped bass (Worone saxatilis) prolarva to 149 mg/L on chinook
salmon (Oncorhynchus tschawytscha) fry. Hamilton and Buhl (1990) compared
the relative sensitivity of chinook salmon and coho salmon to the two oxidation
states of Se, and they reported that Se(IV) was more toxic (Table 3). Niimi and
LaHam (1976) also reported that Se(IV) was 4 to 10 times more toxic than Se(VI)
to the freshwater species they studied, newly hatched zebrafish (Brachydanio
rerio). Our results, which found Se(IV) to be more toxic than Se(V1), are
consistent with those reported results.

P. major was more sensitive to Sb(V) than to Sb(ITI). The 96-hr LC,,'s were 12.4
mg/L, 0.93 mg/L, and 6.9 mg/L for Sb(III), Sb(V) using SbCl, and Sb(V) using
K[Sb(OH)], respectively. In contrast to Se, for Sb, the higher oxidation state,
Sb(V), was more toxic than the lower oxidation state, Sb(III). Even for Sb(V), the
different test chemicals yielded a significant difference in the degree of acute
toxicity. SbCl; was seven times more toxic than K[Sb(OH),]. Published results on
the acute toxicity of Sb are even scarce. Heitmuller et al (1981) reported the 96-hr
LC;s, of Sb (test chemical is not specified) to sheepshead minnows (Cyrinodan
variegatus) to be 6.2 to 8.3 mg/L (Table 3). Our results on Sb(III) and Sb(V)
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using K[Sb(OH),] are comparable, but our SbCl; test yielded a much lower 96-hr
LCy, value. For the freshwater species, Lin and Hwang (1998) reported the 96-hr
LC,, of SbCl; to be 35.5 mg/L for larval tilapia (Oreochromis mossambicus). This
large difference is difficult to explain. It may be just due to a difference between
the physiology of saltwater fish and freshwater fish.

Table 3 96hrL.C,, values (mg/L, as Se or Sb) of Se and Sb to salt and brackish
water fish

Se (1IV) Se (VI) Sb Sb {ID) Sb (V)
NaSeO, H,SeO, NaSeO, SbCl, SbCly K[Sb(OH)4]
Pargus major' 10.6 70 129 093 6.9
(juvenile)
Worone saxatilis’ 9.8
(prolarvae)
Worone saxatilis® 85.8
(juvenile)
Worone saxatilis’® 1.6
(63 day old)
Oncorhynchus 234 149
tschawytscha (fry)*
Oncorhynchus kisutch* 32.5 39.0
(fry)
Melanogrammus 0.6
aeglefinus®
(larva)
Cyrinodan variegatus® 6.7
(juvenile)
Cyrinodan variegatus® 6.2-8.3
(juvenile)
Wenidia menidia® 9.7
(juvenile)
Lagodon rhomboides” 4.4
(juvenile)
Paralichthys dentatus’ 35
(embryo)
Pseudopleuronecies 14.2
omericanus (larva)’
1: this study, 2: US EPA (1987), 3:Palawski et al. (1985), 4: Hamilton & Buhl
(1990), 5: Heitmuller et al (1981)

It may not be easy to compare our acute toxicity data with other published work
because the test chemicals and the life stages of the test organisms were different,
but it is clear that Se(IV) is more toxic than Se(VI), while Sb(V) is more toxic
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than Sb(III). In order to establish water quality criteria for these elements, it is
necessary to consider their chemical forms.

Acknowledgments. 1thank Ms. T. Yazawa for her assistance in the laboratory.
REFERENCES

American Society for Testing and Materials (1998) Standard practice for
conducting acute toxicity test with fishes, macroinvertebrates, and amphibians.
E-729-96. In: Annual Book of ASTM Standards, Vol 11.05. West
Conshohocken, PA, pp. 218-238

Bertine KK, Lee DS (1983) Antimony content and speciation in the water column
and interstitial waters of Saanich Inlet. In: Wong CS, Boyle E, Bruland KW,
Goldberg ED (eds) Trace Metals in Sea Water. Plenum Press, New York, pp.
21-38

Cutter GA, Bruland, KW (1984) The marine biogeochemistry of selenium: A re-
evaluation. Limnol Oceanogr 29:1179-1192

Grasshoff K, Ehrhardt M, Kremling K (1983) Methods of Seawater Analysis,
Second, Revised and Extended Edition, Verlag Chemie, Weinheim.

Hamilton SJ, Buhl, KJ (1990) Acute toxicity of boron, molybdenum, and
selenium to fry of chinook salmon and coho salmon. Arch Environ Contam
Toxicol 19:366-373

Heitmuller PT, Hollister TA, Parrish, PR (1981) Acute toxicity of 54 industrial
chemicals to sheepshead minnows (Cyprinodon variegatus). Bull Environ
Contam Toxicol 27:596-604

Lin HC, Hwang PP (1998) Acute and chronic effects of antimony chloride
(SbCI3) on tilapia (Oreochromis mossambicus) larva. Bull Environ Contam
Toxicol 61: 129-134

Middleburg JJ, Hoede D, VanDer Sloot HA, VanDer Weijden CH, Wijkstra J
(1988) Arsenic, antimony and vanadium in the North Atlantic Ocean. Geochim
Cosmochim Acta 52:2871-2878

Niimi AJ, LaHam QN (1976) Relative toxicity of organic and inorganic
compounds of selenium to newly hatched zebrafish (Brachydanio rerio).
Canadian J Zool 54: 501-509

Nriagu JO, Pacyna JM (1988) Quantitative assessment of world wide
contamination of air, water and soils by trace metals. Nature 333:134-139

Palawski D, Hunn JB, Dwyer, FJ (1985) Sensitivity of young striped bass to
organic and inorganic contaminants in fresh and saline waters. Trans American
Fish Soc 114: 748-753

812



Takayanagi K, Wong GTF (1985) Dissolved inorganic and organic selenium in
the Orca Basin. Geochim Cosmochim Acta 49:539-546

US EPA (1987) Ambient Water Quality Criteria for Selenium - 1987. EPA 440/5-
87/083, National Technical Information Service, Springfield, VA

813



