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This study was conducted to evaluate the effects of soil amendments on arsenic (As) bioavailability in As-pol-
luted soils. We determined the subsequent changes in As toxicity toward earthworms (Eisenia fetida) and As
uptake by earthworms. We also investigated whether As bioaccumulation could be used as an index to evaluate
changes in quality of As-polluted soils. No significant changes in acute toxicity to earthworms were observed, and
the observed increases (70-93 mg kg™!) or decreases (27-38 mg kg™!) in bioavailable As in soils at the end of test
were not related to the As concentrations in earthworms. The As concentration in earthworms 14 days after expo-
sure was significantly lower in calcium superphosphate (CSP)- and S-treated soils (101.4-112.8 mg kg™) than in
control soil (138.9 mg kg1, probably owing to reduced earthworm growth due to lower pH in CSP- and S-treated
soils (6.3-7.3) relative to control and steel slag-treated soils (7.5-8.4). Comparisons of As toxicity and the effects
of soil properties on this toxicity toward various species of earthworms could facilitate the use of earthworms to
produce biological indices for evaluating changes in quality of As-polluted soils following amendment treatments.
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Table 1. Chemical properties of soil used in this study
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Table 2. Total heavy metal(loid) concentration of soil used in this study
Element As Cd Pb Zn Cu Cr Ni
Concentration (mg kg') 102.0 0.1 26.1 64.2 35.7 98.9 44.1
Threshold value® 25 4 200 300 150 - 100
Max. tolerable level® 75 12 600 900 450 - 300

*Threshold value of soil contamination; "Maximum tolerable level of soil contamination
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NeEgAl 2] ol A8 vlA 09 Ege] faE ¥
2 FeE ETIM 693 mg kg OF A AT
742-749 mg kg'oll BlE] wgkon}, Az Fole 2
(835 mg kgh)> =T (763 mg kg')> 3, A&
(711-721 mg kg!) 202 Yopdon (Table 3) A<

Table 3. Changes in chemical properties of soil used in the earthworm acute toxicity test

Soil water content (%) Soil pH Bioavailable As in soil* (mg kg™)
Treatment Bzgflr:;l?g End of test Bz?rzgsl?g End of test ?;jﬁ:)eatisc?: End of test
Control 279+10a 259+14a 77+013a 75£030b 693£179b 763+8.0Db
Sulfur 275+0.7a 249+08a 74+005b 73+0.03c 748+63 a 721+42 ¢
Calcium superphosphate 26.9+0.5a 242+06a 74+£001b 63+003d 742+242a 835+93 a
Steel slag 270+1.1a 249+04a 74+£002b 84+0.09a 749+172a 7T11£45¢c

#IN HCI extractable As in soils.

Values are presented as the meantstandard deviation of four replicates (n = 4). Values with different letters differ significantly

from each other (Duncan’s multiple range test; p <0.05).
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Table 4. Acute toxicity of arsenic to earthworms (Eisenia fetida) and death rate

No. of dead earthworms per ten earthworms

Treatment 7 days after exposure 14 days after exposure Sum
Rep. 1 Rep. 2 Rep. 3  Rep. 4 | Rep. 1 Rep. 2 Rep. 3 Rep. 4
Control 0 0 1 0 0 0 1 0 1
Sulfur 0 0 0 0 0 2 1 1 4
Calcium superphosphate 0 0 0 0 1 1 0 1 3
Steel slag 0 0 0 0 0 0 2 1 3

Table 5. Acute toxicity of arsenic to earthworms (Eisenia fetida) and earthworm weight

Weight of earthworm (mg)

Treatment 0 day after exposure 14 days after exposure Weight loss (%)
Control 434+28 a 382+ 10 a 11.8+42 a
Sulfur 415+27 a 331+46 a 205+7.1 a
Calcium super-phosphate 416+25 a 349+ 18 a 17.8+£0.2 a
Steel slag 412+17 a 356+32 a 14.0+£4.1 a

Values are presented as the meantstandard deviation of four replicates (n=4).
Values with different letters differ significantly from each other (Duncan’s multiple range test; p <0.05).

Table 6. Bioaccumulation factor (BAF) of arsenic (As) for earthworms (Eisenia fetida)

Soil total As Earthworm As
Treatment . BAF?
(mg kg™)
Control 993+94 a 1389+19.6 a 0.14+£0.03 a
Sulfur 1001 £10 a 1128+ 146 b 0.11£0.01 a
Calcium superphosphate 1001 +21 a 101.4+72 b 0.10£0.01 a
Steel slag 955+40 a 117.4 £ 18.1 ab 0.12+£0.02 a
ABAF = C,pipmorm/ Cyois Values are presented as the mean£standard deviation of four replicates (n = 4). Values with different

letters differ significantly from each other (Duncan’s multiple range test; p <0.05).
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