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AEFETIBLAS (Enchytraeus crypticus) RREIER N HFE

EAALRC R S & G & I 55 LN

(1. VORI R2AERIAESABE, TR 4007155 2. =0l DR TR IR TS Yeda il TR ARWF T Hots, FEK 400715)

W B LRI (Enchytraeus crypticus ) VERT 12 T3 B0 58 1 L BR8E KUS ARG ARSI Al, X+ 3Erh 2355544
(PAHs ) I RBURE, (HEZ ORI RN 058, SRR PAHSs RIS L), Jd i = SR ISR 1 TR
WeEE (20, 40 180 mgkg ') FAELE E. crypticus IRINIFRIRBh J 2t Bt 4550 0R, AR BIIGR BRI A SR,
W AT B BEAR B LR SIA P O FE R BE 23 1) g 47.83+11.69 . 106.8+15.52 F1 364.1=51.11 mg-kg™ 5 1B BER B Jo b 12 I HRAE
THBR R BE I (B HERS TR . Bl ZRE R BE A3, WG AT AU 3 BT, AR R ECR b, SEUEY £ R
F R E. crypticus XEHERIUNBGS T AERV YRR T, TEm B e, FEEHAR N 2 & PR TF AT RE ™ AR e APESR
W, X R AR RGN B TE R . ZR G LA BRIMER S T SR, (H s YA R A KU A T N . PAHs
TEA IR GE MR LR AWl . B R HNE BRI 22 57 T BEXT PR AR AU DA 7 A AN Rl RIGFE VPG i AR e 1 3> ASE 0 5 0[]
s I AR DG T AR BUR P R A AR ), DATE MERA Il PAHS V5 ¥ iy 2B 28 XU

KR IR, LRI (Enchytraeus crypticus ); WOHIWRE; A¥EEREG s H2%¢

HESES: S154.5 XEIRERS: A

Toxicokinetics of Phenanthrene in Enchytraeus crypticus

XIAO Naichuan', YOU Lelin', LIU Jiawen', DAI Wencai" *', ZHANG Tingting', GAO Ming'

(1. College of Resources and Environment, Southwest University, Chongqing 400715, China; 2. Engineering Research Center of Agricultural
Non-point Source Pollution Control in Three Gorges Reservoir Region, Chongqing 400715, China)

Abstract: [ Objective ] Enchytraeus crypticus is a model species widely used in toxicology studies and soil environmental risk
assessments. It is known for its low sensitivity to polycyclic aromatic hydrocarbons (PAHs) which are prevalent soil contaminants.
However, there remains a lack of toxicokinetic research on this species. This study selected phenanthrene as a representative PAH
to investigate its toxicokinetics on E. crypticus under different exposure concentrations. [ Method ] Laboratory experiments were

conducted to study the toxicokinetics of phenanthrene on E. crypticus at three concentrations: 20, 40, and 80 mgkg ™.

* [H R HARBIFAREETIH (42177019, 42307036 )F K22 A Gl AL I 253X H ( S202410635179 )% B Supported by the National Natural
Science Foundation of China ( Nos. 42177019 and 42307036 ), and the College Student Innovation and Entrepreneurship Training Program of
China ( No. S202410635179 )

+ W IRAE#H Corresponding author, E-mail: wencai@swu.edu.cn
EHR A B9 (1996—), 55, WP, WL0iRd:, FENSELEPANLE R LS IR BT . E-mail: 1193019140@qq.com
Wk B 0T 2024-09-05;5 ISR B 0T 2024-12-205 FIZE & B (www.cnkinet): 2025-01-16

http://pedologica.issas.ac.cn



1382 +  H o 4k 62 %

Phenanthrene uptake and elimination were monitored over time. Toxicokinetic modeling was used to calculate the uptake rate
constant, elimination rate constant, and bioaccumulation factor (BAF). A comprehensive model was also fitted to assess the
overall phenanthrene dynamics. [ Result ] The results indicated that phenanthrene rapidly accumulated in E. crypticus during the
initial exposure phase and reached steady-state concentrations of 47.83+11.69, 106.8+15.52, and 364.1+51.11 mg-kg ' at exposure
levels of 20, 40, and 80 mg-kg ™, respectively. During the elimination phase, phenanthrene was eliminated at a decreasing rate
over time. The uptake rate constants increased significantly with exposure concentration, while the elimination rate constants
declined, resulting in elevated BAF values at higher concentrations. E. crypticus exhibited high tolerance and bioaccumulation
potential for phenanthrene, with prolonged retention at high exposure levels, posing potential risks to soil ecosystems.
[ Conclusion ] The study concludes that the concentration-dependent toxicokinetics of phenanthrene, particularly differences in
uptake, accumulation, and elimination, could result in varied soil environmental risk assessments. These findings underscore the
need for careful consideration of such concentration-dependent dynamics in PAH risk evaluations. Furthermore, low-sensitivity
species like E. crypticus should receive special attention in environmental risk assessments to ensure accurate evaluations of
PAH-related risks.

Key words: Polycyclic aromatic hydrocarbons; Enchytraeids (Enchytraeus crypticus); Uptake and elimination; Bioaccumulation

factors; Toxicokinetics

Z W% (Polycyclic aromatic hydrocarbons,
PAHSs ) j& 25 V2 A AE T iR AR BLTG 3
Yy, FLRFETI5KIGIITR . A BB AR 58 4
WRBE L) B A iR Tl A2 BT PAHs HAAE
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fif R B RS, HE K . KRRV RAEA L
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WA R, R ER, NRLEAILRS
BN, WIS PAHSs TR USRI bR HOR LA I 25 5
HAR R B EA 02 A AR, B A5 b4
7N T IR 25 R A A, I B T R TR AN W)
WEL AT PAHs HYEMFR RGO, NIFAS PAHs
A S S PR T AR

2 15| %} ( Enchytraeids ) J& T s 15 EH,
J& SRR R AR e ATHE
oK, fERitER R h BAA B AERYI6E,
WA 185, S 5ENURMME . F a5,
[FIE, 2l ids 2 fili & ) ) TP E A A AR, Bk
HFEEHE, Hit, PAHs ZELBI{ANRZAE
230 HAS B it 0 3 gk s e AR S Yy fg, b2yl
T £ e Xt T R P A A SR A XU [ 10 2
M TR A FE R . B . S TR . Xt
2215 PR BUR R e, A 2R
VE R Al T i b AR 25 1 B i 5 A4k 2205 G
VI B X B EAS (W0 Enchytraeus crypticus ) % 22,
MR s, MW REh Y, H53hP*; PAHs
e i aE UK, H E. crypricus X PAHSs 1)
TURBEAR T HA + e TCE MESh W), KI5 6% T PAHSs
1€ E. crypticus I(RINT] RESTUR B Y m W, I
B R ) S A A, s R AR
R G BRI 20 i H AT G PAHs £ E.
crypticus RN AR BN J1 24058 .

BETUL B S, AR AR R R
YT E. crypticus N2 RAEY), REETT—F0HE
U PAHs 5444 (3£, ZHIF R H B
HHY) ) EHARA R RSN T 2R IR . 5 I EA ]
FRERWRIET , LM HER ol . BB ANH R o 7 ]
Refrre2e S 20, AR R AL CRP “RRER” A%
N ) 7EZFh PAHs 15 Wil A4 76, &It T 20,
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Bih ZFh PAHs &AM TGRS 2 A5 B1E
TRAEAS[A) B B MR T ZR 51 6T PAHs I ORI B 1
AR, A PAHs I5 WER A S R G T
A A58 RURS PP A SR AL 2 AR B

1 ARk
1.1 ZR&EW

AR R LM ( Enchytraeus crypticus, J&¥
W BN R ) VE RS2 . E. crypticus

TEET 20 CRBEEFAR DA B R it i
I o BEFRILHBUAR AN 4 PRI B2 Eh v (4300 h -
1 mmol-L™' NaHCO;, 0.1 mmol-L™' KCI, 2 mmol-L™
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32 B IR U Pk [F] — IH ) B A R/ MR — 3
HSHR A A 5 50 04 i B
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PLBK &% & 165 gkg', PHE Fac#it ( CEC)
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25.3%, TIEFHOMRD AR L

L TR i E R 2544 75 570K 3FE ( Sigma Aldrich,
CAS#85-01-8, #li[EF 98% ) M AfLIR 1 3 LI )ik
00 BT T e E R AR TS e A, R AR ) 3L
UARATEFE S, s e KU i, R %
Bt J o FF 2 7R 39 5 K B ) 2 TR 95K Y 50%
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1.3 RIEIT

RIGTE 3 DRI (20, 40, 80mg'kg ') F
HEAT, M 28 d, f34F 14 d B9 BRI 14 d A3
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T, B 10 5BEALIE A B AE Ll Fi 25 g
TG R O HATILEE R SR, MR IERRSE
e, FR S TIRERE N 20 CHIRIERE AR Y.
g i 3 2o R R A K AT R I I R B T AKRb AR K
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SEAETE-20 CUKFH T 83836 & = Hrill o o
1.4 HRETAESSENE

FIF 2 s SR B R m R N FEP wy ek
W H R 2T 42— KF (LC-FA2004, JiJFt
B, b)) RE, ZEHBE 2 mL FREIERR,
A 500 pL ZNE KRR L CE FE VK R S A3 90 min,
FIRTE 24 h, ZJE1E-20 CT&% 24 h, FfE
F N CE 24 h, B FRICRAE GRS LB FE 90 min,
IEWRAE-80 CTFIRAERFIN . FIH M PR e B £
B HERY fE 1 g WHE RHETMA 4 mL 21, =
B R LL 200 rrmin”' #73% 24 h, ZJ5LA 3 000 r-min!
B0 5Smin, W LVEW, RAFRRI

LM B A HERE S b i R B i 0 R AR (3
JERE Y ( GCMS-QP2010, Shimadzu 53, HA)
PEAT AR AT RE o i A S A2 i NP AE
i/l Supelco Omegawax 320 B4 @kt IE T4
B, UHREEON 1.0 pL, ATEH 10, BREAAR,
MV 22,7 mL-min', A 1.79 mL-min', #EFE
FHREE R 220 C, FHERRIFIRE MWIHEE 50 C
T 2 min, ZJ5LL 20.0 Comin ' (KR FIFE
240 °C, PR%F 3.5 min, JFUEIUAE 70 eV M T
BT TAE, B FHEEE RN 250 €, #HOEE
K 240°C, FEHUES TR (SIM ) AR TR, 2l
FEA TR IERIRS PR 0.86~2.17 mgkg ™', ERR N
2.85~7.04 mgkg'; THERES PAEAR H R A
0.09~0.41 mg-kg ', EHRH 0.37~1.47 mgkg .
T 3 1) R 52 75 Y () b SR LR AR S b A B N vk
FYFE, I ISR SEA T I R T R, 2RI
FERYFR A 92.5%~114.5%, +3EEE S IER A
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1.5 B
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FOAEL, A AT 7 Ay R AT 38 5 B0k, 5 T B i o
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e

i R 4.1.3 U5 830 2L, (AT U
SRILK S ( Generalized likelihood ratio test, GLRT)
FLAS U AR AL S B Y B35 22 5, i Office
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21 TEHRIERNREZWK
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W N LR IR MR R 20.27 £ 1,10, 41.42+£2.33
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— [ gl g A R DA A5 2 4 B B R R R AR
WM AR TR (ko) BERIIILER 1.

TR
~ 1001 Phenanthrene exposure
i) concentration
&0 80 mg-kg™!
E g0} — 40 mg-kg’:
E — 20 mg-kg
iy .S
{g £ 60r
£
£t
"o 40 -
g
g s
é 20 ‘H—.“U\O\—'\.
% [ ]
=
2
= 0 . . . . . ]
0 2 4 6 8 10 12 14

I5f(H] Time/d

e BASARFESLIMNREE, SCLARE — B o S BRI A 2
W F ] . Note: The dots represent the measured concentrations and

the solid lines represent the results of fitting the first-order kinetic
model. The same below.

P I 2 vk BT W B B AR 7 3 v i A
Fig. 1 Decrease of phenanthrene in the soil during the uptake phase
at different exposure concentrations

x1 TRFFJRETLIRPIEMEMRRIE (k)
+RH

Table 1 Degradation rate(ko)and half-life of phenanthrene in soil at
different exposure concentrations

et
Exposure ko/
P R’ Half-life/

concentration/ d!

d
(mgkg™)

20 0.011 6 <0.001 0.813 60
40 0.015 8 <0.001 0.701 44
80 0.0173 <0.001 0.759 40

TE: ko FARTE L IR R EG P oRERL MK
R* NI AL . FIH. Note: ko is the degradation coefficient
of phenanthrene in soil. P is the model significance level; R? is the

model goodness of fit. The same below.

22 FEEZLBMENRRI. FREMER

FEA R E TS, 75 14 d SIS 14 d 19948
BrBe, ZRmlgReRol RAF, HARMERIFT:, LT
AORFE,, RIBIFRBTEEK, BABWE T EI A
Wi, fFearaEsS kR4S (OECD) s
AR AER, FE A 2] A P Y B S B T B SR vk A
TEERAFIA] o 45 B 1] R s A Py = R o 2 R B )

B (& 2) AT, JEAE LR P R
RIS, RIS B, JE7E
24 M| P TG W SO R R S A SR T U 2%
RNFRR RS 4 KA BRI T4 (B 2); 1
W B B S5 TR, 20, 40 A1 80 mg-kg ' BERWIE T
2R Mgl A N JE MR 405l 47.83 £ 11.69, 106.8 + 15.52
A 364.1+51.11 mgkg ' FETHBRBBE, FELEL A&
T B S B e R 18 R R e, RMIR RS
T TE T B Y BRI R, i 0 [ T3 T
%, HEIHBRBYBLAS AT, A RBEWE T LEAN
HAE BT 5E AR, 20, 40 FI 80 mg-kg ' FAEE
W TAREANIES 0 0.54£032, 032+
0.05 1 1.82 + 1.65 mg'kg™' (&l 2),

g 500 R

g Phenanthrene exposure

S‘ 400 concentration

« 80 mg-kg™
.S w40 mgke™!
25— =20 meks
T ‘é ‘_9‘13 | Fﬁﬁﬁ(ﬂlﬂ}u/ﬁ
=24 All date fit
X8 e
= 2 E 20
= 3
BN o

5

£ 100

g

5

£ 0

0 5 10 15 20 25 30
[ [1] Time/d

e ARSI, SR AURTE B ) E R 5 45
. Note: The dots represent the measured concentrations and the

solid lines represent the results of fitting the toxicokinetics model.

B2 Wi BRI 3R B B g5 4% oA Sk 2
Fig.2 The concentration of phenanthrene in Enchytraeus crypticus
in the uptake and elimination phase

23 FEELZBIENNSK HEER

it I — B PR B R G AN ) 25 R Uk B I 4 il Ak
WAE S fE Rl ] A2 Ak, JF% BT A R i A7 25 5 30
G, MEERNE 2 fos, FEESHNE 2
I, 45 R W L R A B A i e 28R
I35 0.884. 0.914. 0.905 F1 0.889, FMA—F3h )
=P GG 8% Y 1 i IR 51 A PN T B it B T [E) A9 A5 b
s, WSGHERE AL k, BEREEVRE A0 B2 BTt
( GLRT,20 mg'kg ' vs 40 mgkg ™', P<0.05;20 mg-kg '
vs 80 mgkg', P<0.05; 40 mg-kg'vs 80 mgkg ',
P<0.05), BFT 20, 40 A1 80 mg-kg ' I k, 235N
3.63£0.35, 4.16+0.28 1 4.78 + 0.36 kg'kg "-d ', 4
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EAEY k(6 4.72+0.28 kgkg -d o BRI R
B ke, W) i 2 e R B SIS B R Ak #S (GLRT,
20 mgkg' vs 40mgkg', P>0.05; 20 mgkg' vs
80 mg'kg ', P<0.05; 40 mgkg' vs 80 mgkg ',
P<0.05), BFT 20. 40 1 80 mg-kg ' W} k J3H1HN

1.52+0.15, 1.43+0.10 H11.00 £0.07d ", Zi WA
kAE ] 1.15£0.07 d'o &, Fl k, 25 52 8 v J3E 348 o 42
B A R AR AR B, E T 530 BAF [ BE % 2 58k
FEA R AR, BAF {H4535108 2.39+0.29, 2.92=+
0.29 F14.78 + 0.54, 25 B4 1Y BAF fH°N 4.10£0.41

x2 FRFRB|BRETHFEXBAANSZRANFESH

Table 2 Toxicokinetic indices of phenanthrene in Enchytraeus crypticus at different exposure concentrations

R L
Exposure concentration/ k/ (kgkg'-d™') feo/d! P R? BAF
(mgkg™)
20 3.63+0.25 1.52+0.15 <0.001 0.884 2.39+0.29
40 4.16 £ 0.28 1.43+0.10 <0.001 0914 2.92+0.29
80 4.78 £ 0.36 1.00 £ 0.07 <0.001 0.905 4.78 £ 0.54
gt —34 All date fit 4.72+£0.28 1.15+0.07 <0.001 0.889 4.10+0.41

W ke ARGHE R E B, ke THBRE IR, BAF HAEYEH R 5. Note: k, is the uptake rate constant, k. is the climination rate

constant, and BAF is the bioaccumulation factor. .
3 9 ®

ARWETARVE T A ZR B W N E. crypticus X 3E
M FRRFNHBR R ShASRAAE, 452R B, BEG
T ER U RE T, AERY MG AR, I BR R T R,
SHREHETRENM (K 2), SKET, E
crypticus X AEFL BN R 2 B Je TS 18 1Y 5))
A CE 2), b, AU A B 31T T
LiaWA, LU B — N7 B SE R B AH OC 1Y T8 Y
AR ERRL . ROk, ASCH TS BiRgh R
TE IS RS DAk T A 2

E. crypticus 3T HAL 3T HFHESI Y, Xt
PAHs FEIH} i 25 0 5 (15 32 M A A B B 1226
AWFgEh, RiE TRk 80 mgkg ' T, E
crypticus TE£5 BURERT [A] SRS R4, 256 i 10
PR BI85 . T, HAbY
WL Hs| Enchytraeus albidus FML 15| Eisenia fetida %f
AT SZPE I k. CAMRERN, e8] 14 d
MFEEMIK T, E. albidus F E. fetida W) EEBEEK
JE (LCso) 4351k 135 F1 40.64 mg-kg '™ 1, i 7
PR I0] 28 d A 21 d W E. erypticus 19 LCs
Bk 1 708 12 000 mgkg ', HE—EERE 7% R
FER IR R R 0 i S22 B
KTF E. crypticus X PAHs A= 98 2238 J1 0 A0 & it B

BONABR., Arp ZN E. crypticus 5% T PAHs ™
FI5 Y+ HE( 16 Ff PAHs &85k 2 651 mgkg ')
DL AE R EWG T), SRR, TEE T 14 d
AW B A 14 d AT BRBTBE RS, Bk 80% M4
ARFEFETE ., (R 16 Bl PAHs BB & EIBH] T
95.70 mgkg ' AWIZEH, E. crypticus RNIERIFR
5 [A) A Bt o 2 o R R A B T W n, AE
80 mg-kg ' FRFEARME T IR Y BE 45 BRI E. crypticus
PR ARV B 3k 364.1 £ 51,11 mgkg ' (1 2), X
B, TEETSYEREE T, E. crypticus T BEZR B
EWAEYE SRS . SHARIMELL, E. crypticus
TE PAHs 288500 F A R nl g s 5 ih .
FIRZERERD], TEMEL RSP AR T
TP O BE HE AT AN, P RES IR E. crypticus TE
A PR 3 A rhot AR A R G LT TR SRR, ROk
Y AIF 52 7 3 — 25 DT AN [R1 W) R e B T 52 M R A= 4
MERES) B2, Lidm PAHs PR8I PEAL 1Y)
HERfA 1

E. crypticus X JE B W SR B 22 B0 1 B 780 1
et B s ARE (K 2), X575 ES
3L, BEE FRERWR LRI, E. crypticus 1K
N FETE B 2R AR B2 BT A5 A IR . B 5 v
20 mgkg ' BBEAKT T, TEHBRBYBA 1 RE5HAT,
E. crypticus FRINFECBEHE T 95%LA I, bRy
WREHR 1.72 + 1.11 mgkg ' WiFE 40 mgkg ' BFEK
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R, E. crypticus T EE T Y BRI HE A N 5% B2
HAE, BELETHBROBLER 7 Kadmt, RN IR E N
1.05+0.79 mgkg'; ##HET 80 mgkg' W, E
crypticus RPN 0 FE W T ZEAEIE BRI B 5 14 KA RERE
AR, BRI R E R 1.82 «
1.65 mgkg ' ([ 2), IXFHA, Bl BRI M3,
AETE E. crypticus PR BRI 5R B I E K, T3
T AR R BN, R TG I £ Y A Y
UK o FERREE KU AL h, DU S 2 #8 PAHs ¥
FEF, RFRAISETE PAHs AR 5% B K HmT REXT A=
BRG AR,

AW G I A 7 88 W B B R AT T SR A
G, BTEME G TR 2R R,
IS AR PAHs ZEEMREE T E. crypticus W .
THERFBLRRHE . WIEA LR, KRG EUEH
oo (B30 o VIR B 2% 1R A SRBLBL 5 (L 7E 80 mgrkg
FEE N, LA A IS 1) ke (H 22 7R 1.3%
(£ 2), XRUILEE S SR 7 EE T e
U b SRR I E AR SR, TEARIR EE SR T
20 mgkg ' BEET, LGAPEEMN T RIGESE,
S B B A R I S L IR R T AL, ZR A A
FE T 30.1%. 55— 7T, LR RN k. (H7E 20 mgkg !
140 mg-kg ' BT o HIMEAL T 24%F1 20%, THi7E
80 mgkg ' BEE FEMT 15%. LEAHARAEST
O3 BRI BRI S EURIH R AR TR (R 2),
A GBS0 PAHs AN[F)T5 Jeuf B 4514 N BB XU T
A HER . RAE LRI E AR R Y E. crypticus
Xof HELE M ORI B e b e DS 18 i s S HRE,
TE R W E R R A1, PAHs AU AR UK ] RE Bl KAl
(Bl 2), JUHEXNTRKINZEEY S, X AR m Xt
AEBRGNE TN, 25 |, BARGERG IR
I AR R AR S, BRI XU AL, LR
1o 15 B DR PG R, U SR T S L B 4
L DA OR X v v B 7 G DX S v o

AR R T AR EE K FAETE E. crypticus
NI IR, X8k B PAHs 7F 14
ARG TR R TS5 5. E
crypticus % PAHs 3¢l H AR UM f Ik o [) 286
TR, ARG e W RN 80 mgkg !, fH
TEDEE Yl ™ B HL X, 1 3Erh PAHs B &
A 2 634 mekg B A AP R, E
crypticus TE UM I 25 A1 MR AR BRAE DR 4744 i I A7

TE A, PR A 6 27 T i 1 2 B /K TR I A )
R BB, 30K A B T 7E A s T G X5 v b 1P
fli PAHs WYIREERES . A, AEBFFE I I A HLT
JZHRAET E. erypticus X PAHs 3¢ 8 H AR B
HYJER, EAACE B TR R R T 32 58 7, 18
FE Ry HAU S AL o (4 BR B XU DA B2 (5 2%

4 4 g

E. crypticus TEAN[R] PAHs 52 4  F 2130
J12E R IR BEHOBVERRIE . BE T3%Erh PAHSs ¥
FEREEIN, E. crypticus ¥ PAHs AW IGHE R,
MR R B W s, FEIAN PAHs WIEW) & 4R
FRERE BT, EmWERE T, PAHs 1E E
crypticus VRPN B I [H A4S, RBLD 4 A ME5R B
BN, FRUH S PAHs 15 Y] EXT 30 HE 5
YIRS B R AR T, Y I A 28 R G WA KU .
ZAPG SR BRI A U WU AR B BN ) 2=
B, ABTE R T Ye IR b R AT XU DA s 1 S A
YT E. crypticus X} PAHs BRI, ARy 458
A5G RS PPA I 785375 TEGX R R o0, DA4R skt
PAHs V75 JL W08 16 A 25 AU DAk ) E A 4
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