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Toxicity differences of polycyclic aromatic hydrocarbons to soil-dwelling springtail (Folsomia candida )

ZHANG Jiale'?, ZHAO Long", GUO Junkang®, HOU Hong', LIN Xianglong', WANG Weiran'?, LIU Lingling'

(1. State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences, Beijing
100012, Chinaj;?2. School of Environmental Science and Engineering, Shaanxi University of Science and Technology, Xi”an 710000, China;
3. College of Resources and Environment, Shanxi Agricultural University , Taigu 030801, China)

Abstract: This study sought to understand the extent and way in which the ring number of polycyclic aromatic hydrocarbons (PAHs)
impacted their toxicity to invertebrates and compare these varying toxicities in different soil types. In this context, filter paper contact
exposure experiments were carried out along with soil and food evaluation to analyze and compare the acute and chronic toxicities of three
PAHs(i.e., phenanthrene [Phe], pyrene [Pyr], and benzopyrene [BaP]) to a model organism(i.e., Folsomia candida). The results of the filter
paper experiments showed that following exposure to different concentrations of Phe and Pyr for 3 and 7 d, Phe and Pyr solution—soaked
filter papers showed a clearer death phenomenon in the springtails than BaP—soaked filter paper. In the soil exposure experiments, the

impact of Phe on the survival and reproduction of springtail in soil Jiangxi red soil (red soil ) and Heilongjiang black soil (black soil) was
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greater than that of BaP. Based on the reproduction rate and half effective concentration (ECsy) derived from the measured values of

extractable PAHs, the toxicity thresholds of Phe in red and black soils were 5 and 10 times higher than that of BaP, respectively. The
toxicity threshold of Pyr in red and black soils was 10 times higher than that of BaP. In the food exposure experiments, all three PAHs
treatments of springtail adults did not cause apparent death. The 28 d ECs, values for springtail reproduction were 278 mg - kg™ (186~336
mg-kg™) for Phe and 363 mg- kg (298~427 mg-ke™) for Pyr. These results indicate that Phe and Pyr are more toxic to springtail in terms
of survival and reproduction, whereas BaP has a relatively lower toxicity. Based on the testing exposure concentrations, PAHs in various
soil types significantly differ in terms of their toxicity to springtails. The toxicity of PAHs to springtails in red soil is three—fold higher than
that in black soil, which demonstrates that physicochemical properties have a substantial influence on the ecological toxicity of PAHs.

Therefore, the influence of the physico—chemical properties should be given due consideration when evaluating the toxicity of PAHs in the

future.

Keywords: polycyclic aromatic hydrocarbons; toxicity difference; Folsomia candida; soil type; ecotoxicity
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213 44 10.1 0.79 12.1 37.7 0.26 10.0 35 0.14 2.12
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Figure 1 Mortality rate of Folsomia candida after 3 d and 7 d exposure to Phe, Pyr and BaP solution

BaP (WS X AE06 2R A2 AR K . ZE£1E T, BaP i
EROINT BRI FET R AR R (500 mg kg B
FET-HIRF] 100%, H AL+ A B i e -%
N FR BT M P T R ARARAI (K] 2a) o 7
Phe 1 Pyr 15 Y it + 46 vfr | Bk HUA7 6 800 B 45 Phe
Pyr e J 45 5 1 20>, 2 B0 B S ) 59 500 6 &R
(E2b [ 2c) . BEHAEIG SAELLERR P A
225+ (P<0.05) . Phe 1 Pyr 75 f5 5 ¥ B 200 mg - kg™
B £1 338 X Bk e A 3508 225331 2 100.0% F149.3%
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Table 2 The threshold value of PAHs in filter paper contact test

i H BN 5[] LCso/(pg+em™)

Item Effect Time/d Phe Pyr BaP
EACEE LS AR A 3 188(114~ 191(134~  223(127~
Filter paper ~ Suvival 2 055) 523) 11 280)
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79718)

55 BB D B B 95% A5 XA, R,
Note: The value in brackets is the 95% confidence interval of the
toxicity threshold. The same below.
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Table 3 Measured concentration of PAHs in soil under different

addition concentrations(mg-kg™")
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413 Phe 43 90 138 192 — — —
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BaP 44 89 135 181 378 471 968
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Figure 2 Mortality rate of Folsomia candida exposed to Phe , Pyr

and BaP—treated soils for 7 d
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Figure 3 Survival rate of juveniles of Folsomia candida exposure

to Phe, Pyr and BaP-treated soils for 28 d

R4 ETZNEESH PAHs XA FFBEAETFRI LCso 0 B BEEIEM ECso{E
Table 4 The LCs values for the survival and ECs values for the reproduction of

Folsomia candida based on measured PAHs

4 Soil BV Effect A 1] Time/d W22 45 End point Phe/(mg-kg™) Pyr/(mg-kg™) BaP/(mg-kg™)
AR HAF Survival 7 LCso 57(18~81) 69(7~106) 310(287~358)
Bt 180(122~2 450) 161(109~650) —

Eae: 2% Reproduction 28 ECso 67(37~96) 35(25~44) 372(342~402)
BT 92(87~97) 94(75~113) 931(751~1113)
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Figure 4 Survived numbers of adults and juveniles of Folsomia

candida exposure to Phe, Pyr and BaP—treated foods for 28 d
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