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Toxicokinetic—toxicodynamic processes of cadmium and arsenic in Enchytraeus crypticus

LI Min', GONG Bing’, HUANG Xue—ying', XIAO Xue', HE Er—kai"", QIU Rong-liang™*

(1.School of Environmental Science and Engineering, Sun Yat-sen University, Guangzhou 510006, China; 2.School of Environmental Sci-
ence and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China; 3.Guangdong Provincial Key Laboratory for Environmental
Pollution Control and Remediation Technology, Sun Yat—sen University, Guangzhou 510006, China; 4. Guangdong Laboratory for Lingnan
Modern Agriculture, South China Agricultural University, Guangzhou 510642, China)

Abstract: The dynamic accumulation and toxicity processes of a heavy metal (Cd) and metalloid (As) in terrestrial organisms were ex-
plored. In this study, laboratory experiments and a modeling approach were both applied to quantitatively describe the toxicokinetic and tox-
icodynamic processes of Cd and As in the soil organism Enchytraeus crypticus. The results showed that the accumulation of Cd and As in E.
crypticus increased with increasing exposure concentration and time, and equilibrium was reached after a certain exposure period. The max-
imum body concentrations of Cd and As during the exposure period were 459.60 mg-kg™" and 32.91 mg- kg™, respectively. The estimated
overall uptake rate constant(K,) of Cd(1.761 mg-kg™'+d™") was greater than that of As(0.102 mg-kg™-d™), while the elimination rate con-

stant (K.) of Cd(0.015 d™') was smaller than that of As(0.287 d™'). Based on the external exposure concentrations, the median lethal con-
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centration (LCsy) for Cd and As decreased over time and reached equilibrium after 7 d of exposure, and the ultimate LCs (LCs% ) of Cd

(0.314 mmol - L") was smaller than that of As(1.253 mmol+L™"). When based on the body concentrations, the LCsou. was calculated, with
an almost constant LCsowe of As, while the LCspner of Cd increased over time. The overall LCsoinec (468.80 mg-kg™ +d™") was significantly
higher than LCsoiuen.(26.65 mg-kg™ -d™). Overall, the accumulation and toxicity of Cd and As were both time—dependent. The accumula-
tion capacity of Cd in E. crypticus was greater than that of As. The toxicity of Cd was higher than that of As when based on the external con-
centration, while the accumulated As in the organism showed a stronger toxic effect. There was a good correlation between the dynamic tox-
icity and the body concentration of As(R? = 0.75), but not for Cd(R* = 0.57), thereby suggesting that the accumulated Cd inside the organ-
ism cannot well represent the bioavailable fraction that causes toxicity. This study emphasizes the importance of considering the exposure

time and bioavailability of metals for risk assessments in the future.

Keywords : cadmium; arsenic; toxicodynamic; toxicokinetic; dose—response relationship
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Data points show the observed data, solid lines show the fit of the One—compartment model to the body metal concentration data

at different exposure levels separately
Bl AESREFRETREIER CIFAs S ERAFMENEL

Figure 1 Relationship between body concentration and exposure time in Enchytraeus crypticus exposed to

different concentrations of Cd and As

®1 BT -ERBREEIN CAAsRE-BHEN N FESH

Table 1 Estimated uptake, elimination parameters of Cd and As by fitting dynamic body concentration to One—compartment model

Cd As
Ab I Treatments/mmol - L™ W GH R Ko/mg kg™ +d™ HEHI R K /A || 40 B0 Treatments/mmol + L7 WU R K, /mg-kg+d™ HEH R K, /d
0.035 5.333 0.038 0.218 0.256 0.305
0.079 3.369 0.037 0.424 0.230 0.572
0.166 2.544 0.054 0.887 0.083 0.258
0.209 1.953 0.045 1.126 0.063 0.135
0.253 1.790 0.027 1.593 0.106 0.243
0.338 1.648 0.045
S A Overall 1.761 0.015 JfA Overall 0.102 0.287
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Data points show the calculated values using Eq.2,solid lines show the

fitting of LCso values at different exposure time using Eq.3
B3 ETMIINRBREREGHN CAAs FHBILKRE
b = 25 T B AU 22 4L
Figure 3 Toxic effects(LCso) of Cd and As on Enchytraeus

crypticus with exposure time

95 8 Survival/%

0 0.5 1.0 1.5 2.0 2.5
As 7% FZ ¢ ¥ Measured concentration of As/mmol - L™

Ald ¥2d ©4d 47d >10d @ 14d
B2 FAEFBEMNETEEFEERS CAsREBREZ EHFIE-MEX R

Figure 2 Dose-response relationship between Enchytraeus crypticus survival fraction of organisms and

exposure concentration of Cd and As under different exposure times

R2 BEFEIINBEREF A log-logistics G BENARRER BT Cd As FHBILRER

EFrf1E)-F R 5 2L

ARINITEUESH

Table 2 LCso values of Cd and As to Enchytraeus crypticus calculated using a log—logistics model and the estimated parameters

by fitting LCs values under different exposure

Lh AL JE 1.Cso/mmol - L7 BB RE sk
Treatments 1d 2d 4d 10d 14d LCso%/mmol - L™ Ka/d™!
Cd 0.537 0.516 0.473 0.301 0.272 0.208 0.314 0.738
As 1.856 1.486 1.537 1.165 1.128 1.187 1.253 1.077
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Figure 4 Correlation between survival fraction and the body
concentrations of Cd and As under different exposure

concentrations and exposure time
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Table 3 LCso values of Cd and As to Enchytraeus crypticus related
to body Cd and As concentrations at different exposure times

separately and all data together

Cd As
oy WIERORRIE I EEOTRIE
LCsoine/mg - kg™ LCsoime/mg kg™
1 125.5 16.20
2 127.8 16.30
4 222.4 24.50
7 339.9 22.90
10 512.7 25.00
14 453.3 26.30
SV AL together 468.8 0.57 26.65 0.75

VI R 3 BTN [ B S 1 A) T T A MR P e B 0l HAA I 1
AR

Note: R* represents the correlation of survival fraction fitted with the
body concentrations under different exposure concentrations and exposure
time.
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