551 % 4511 + ¥ o R
2014 4E 1 A

ACTA PEDOLOGICA SINICA

DOI:10. 11766/trxb201305150233

151 5 AR K M HLIS L BT A R R A B
%T

210095)

sEW KA #

(R AR R 22 B IS B SRR) 222 B, 7l it

m = 3 7 e 351 B AU K A HLTS et (HOC) B o B AR W K 28, I A 417 JL A 10000 i 35 25 A7
B KA HLTE S ) A AT G 35 20 O A5 Y S A TR - A IC S Y AL A T A G R T — MM, i 051
FRGL KA LIS e W A & A2 G40 28 ORI 28 B2 T 4%, 32 8 Oy R ) B0 97 1, JHG b ek 7 R 2 i R 1A BIL TS 2
Wy, 28 Bt ok S A, AR B K R 8 R (logK,, > 5) , 28 i 4% BT MR K, T HL R A6 A7 LS o i e 1Y
b RIR] Y E AR IIO ARE B B AR AR T S SR T S AR (1) UK E A MG e, FEE R AEA N
15 YL W), T - 6] 2R T I B B AR AT Sy S o M (] i 2 ) A M 51 A 0 R 2 1) Y TSP A AR 5 (2) M 51 R s i
AR 275 e W 1) 2B BUR 5 (3) ¥ e W) 7 ML ol MR TN R A 7 35 A7 A W] 20 AR AL A o e At AR . R
$ Hh 2R e A4 T 7 1 12 3 AR I /K P AT AL 75 e ) A i Sl 1A B 9 SR AT S A 20 A, A Bt T i e 951 2 B b AR G

Vol. 51,No. 1
Jan. ,2014

fFE.
5% &2 1] B 051 5 B K PR G HLTS G ) 5 00D AR A 5 S A 43 PO R AR 5 A ) R
hES%S S171.5 3T AR 1R A5

7 ) S R A R RO RS,
WA i 60% ~80% , 75 - 48 25 K A 4 19 T 1A
RIS HREEERTENEM, B ES¥RE R
TR S R PR TS e R S IR 0 )
LA X5 e 4 0 B B A AR A 2R 5 P i I M A
S A A B AR S B VS Y AR A W 1 9
TRA W HEFTBE T T A O B R BE SRR, BRI
258 % BB 081 T LA O 3 g B R
(g B A RE DT LI A, W B RV £ B 1 £ ok
i, PR B M BLTS Y A RE LA M 8] Ik
EREICIE: i Eenst /L AR E i1 ON (i Eh A LE S
RS R G R R BRI AE g AR
T ) X WL T 2 R A B LR S AN ok
R O B T B PRI I S R T A I 81 B UG HLYS
Yy B AR BIL A 5 M DR 26 O A S AR O T A
MR R S R R A R L.

YE 4 1k, B B L 3 T i ) 0% R S B K
A BTG Y W BB T 3 AR A 20 40 80 4EAR S
WIEE 21 HELORT LA, W 7F B N AUE % 2 A 41 8fs
TAIE Y SCHk T, DA L TR BT sk SR 4R . %

« [E % FRR N 25 M35 H (201009032) %5 1)
+ 3l HAE# , E-mail ; fenghu@ njau. edu. cn

PEF A W (1984—) , 5 TR RN, 1 L F 0 A, 32 AR A2 A 35 24 F 9T

Wk H 3B . 2013 -05 - 155 W MBSk H 11 :2013 - 07 -26

T, AN SCH S8 4 Mir ] 40 ol 25 B K M AT BIL TS Bt
Py R0 Gy S0 ke s GE W 2 A s e A B EL
SR )L, A 24 [ B b 56 T i 5] 0 e 35 AR K Pk A
BT e B BIF 58 R A S0 AL 8D O i B 2T R Y
e

1 85 R K YA BTG YW i o 7
L AR

1.1 BEWIERFAEENSRYH—RITE

A B 0 A R A WA T 3 B
BRI ESE 5. Wl P R T 35 Ab 2 5 e B b B 1Y
J7 W HEAT , T 2 S0z i 2 o A A AP B T 7 A o i i
AT BIK 0 £ 396 v B B B B 0 0 T )L B T A
AL G, IR 25 (L ZE KA ) 1 4 K3
Sy KA LIS G, B R AR B T R A A HLTS
YWy S 8 ek B 2 A A

— A W) O WA LTS e A 5 2 R
Ok 72, 26 I W HLIS e W 1 10 72 7T LR
VA LTS e 9y 75 1 39 1] A — - 38 7K A0 — 1k 18] 7k

E-mail : zm. shi@ 163. com

http : //pedologica. issas. ac. cn



2 + g

¥

51 %

HH— W7 951 A BLAH 22 18] B — 2 31 3 48 43 e i B . A
I, 951 B A LTS e A AR T AR B A
FAY AT e S K AR 2 A LTS Y e T A
S5 43 O R BLTS Y 490 16 0 081 A LA 43, 32 R g
KAy bR L I HLYS e S —
SRR 1 )7 2, VO ) 3 S A
B b, H o 95 Y 08 Ao Ol RE R AR 48] 4K
NI o R — A R B B O A AT
(92 B SRAEAE K T A I A (L sk A A i ) 5k A
ERUE NS Y W BR34BT AR ]
TEETAEIE LW E KN ARR., — 8BS, 4
logK,, <5 B, WEU8) 28 fz o5 32 5 b A7 17 I 25 % 7K 1k 119
s B W (45 1) 3B WS A5 TR 0 R
A HLT S i w1 3R P logK L > 6 I B K 2
A5 WL Y g 5 o o T A A B LA

W U5 AR P 2 A BILYS Y 4 A LR LA
AR (1) V5 e 3 Ao 0 ) 1A BE 5 38 04w h B
A R AT RE R R B R AR (2) AR
JH, SEBR B X T K P A LTS Yy, i HR R A
A HLTS ey, AR PR AR B /0 B 2 W5 (3) 2
FEAE A WE L A B35 e e B R — R e
b, B0 b U] LT I I % A E S S R i 18] 2 A
SR BRI R Fe B, AR, XK 9 4% 5k R o ok & R
AR
1.2 BRI EREKEENS AW EMES

S0 007 5] 5 AR B K P A WL IS Y i B o DY 2%
GER AP kS A CEILEE:S A IS
b B 106 25 7 U] B4 FE T 3 Y 0 P R AR R A
J () BRI

WU AR, i T K M HLYS e B
5 3 NG M, TR I 0 U1 £ 2 2T R T 2 A R A
ST A F 5T 2 0T, A W BL TR A BILYS Y 4 A
A 7 [ 15 2 A i 7 76 S 25 10 A G 06 2R 5 0 813 3 L
A5 B M (O PR 0 8 7, T - 8 6 AL B
S BRI T R T kS 3 e 0 LR A e
W7 ) A 1 T ] 3 0 3 900 A, T B 3 T
W 5 B A A W, O T R 3 e e
FAAT R s e A, ) 7 b T 4 B A i A £
3 B 5 2 R

B BLTS Y o P R . A LTS Y i
JB AL B K KV R VE 4 T RN RIS T I
s SRRV Y U A MR B8] 105 R R SE T TS i
WILE L3 b B AR A A, B R B K M BT Y
W E 198 A 22 14 0 4 T A 3 T LI 9 Ok

PEEE ST HE TR R ke R

TIEERT R A LA S AR
WA R (bioavailability ) /Y [a] &0, Bl 5 44 4 78 4 3%
th 2 % A W B (adsorption ) | [# 48 ( sequestration ) I
2 Ak (aging) S5 b A&, DT 358 vh (1 95 e W AL 43
RE W 2 W i /B 7 A S X T KA
LTS e &, — MOk, A e B R Wb
(R — o R A R T L IR, A RE S
B K VA LTS e W 28 W A R B R R A 34 e 5
e M5 0T FEA W . AR X BB R R, B T e A B
PP T, A B PR i, R S A AL
MM EEFHER, WA, 2K & WA he
EEENEZ -

FESEBRAT 5T T, H A 5k ke | b 4 R — S (an
g M) iR E BN RE (4 1% ), X5
FURAE N T RE 2 (0 W 48], 75 0% W i Pk BT R B Y
PR 5% 5 G Wy & R 52 o B Oy B

1 LA 53 A il LA HY | e ] 0 U &5 AR HILTS e )
A R e PR 3R O3 B2 2% o [ i 3 S v i K M AT
BLTS G RSN T = 26 6 T3 SE A7 ML AR 2 ot 1) A8
PRE AT U PEHT, A AT RE 56 4 3 o 5 58 2 47, 1 H
A i T I — 0 Y AR TR, PR, R AR
U T 5 G W 0 A S RO AR A5 4y BB 20

2 s WA LTS G B I AR A

R, DA R R AR SE B IS i ]
WHEBRAEIIG Y, 5 —RE g maal, i) — i
TP 43 T BRI Y ST A 43 BOAR B B = RO Rl A b
| W AT A 2 R V5 G W) A A A A Y R R AR AL S D i
SEAILH 2T B e R R LAY, R A3l A
2.1 ZIER

22 BB (empirical model ) () HE AR BNy A=
Ve A VLTS G W TE ) 2 3K 3 T 19 36 58 KA
FUEYREA Z B oy Bt 72, i TAEW BB R 5 IE ¢
Pt 5 AT SRR 5, W DASR K, 1R R R K 43 T fig
FIH— A AR, T g S A= W e 46 I+ (BCF) [R) %
WK A0 e 2R B 2 ) B 56 2T vk W
B FORTE K, 38 A A HLTS G P 7 Sl 5 4R N 1 A=
WA T (BCF) , #57 logBCF 5 3 B-7K 43 TiE 72 %X
logK,, Z [6] ) 0] 15 26 &, H A 2002 logBCF =
alogK, +b, Hra fl b LR E N, o T
AR BLTS G ) 22 02 5 ZL i /K 1 ) o, 78 36 B 47 o
HRAT N 22 02 R X BRI BT T DR OB A W v 4 1A

http : //pedologica. issas. ac. cn



1 4]

o AR WA < A 051 AR K A LTS G Wy 1 a e L T A A

3

T SRR R R AR . HAKAEY (M
J8) HHL X Ff G 2R I AT 8 A 4 e AR R D X T g
JE T AR T KR, e PR BT Y 5 2 M d g K

*x1

PEA PTG e P AT 9 o S % . /AE I,
— LR B T R R, W SL T — 2 log BCF
5 logK, B 1H 752, WA 1,

B3R 45 B F (BCFs) 5Bk B RH (K, ) ZEKEIFERD

Table 1 Regression relations between earthworm bioconcentration factors ( BCF) and octanol-water partition coefficient (K, )
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Table 2

Typical regression models for relations between organic carbon-normalized sorption coefficient (logK,, )

and log octanol-water partition coefficient (log K, )

%3k & Equation FEA 2K/ Sample volume R? i LAY Chemical classes
logK,. =0.9031ogK,, + 0.094 72 0.91 JTiE
logK,, =0.67910gK,, + 0.663 419 0. 831 JTiE, RO U
logK,, =0.554logK, + 1.337 45 0.74 Z R
logK,, = 0.81logK,, + 0.10 81 0. 887 B KAL)
logK,, = 0.52logK,, + 1.02 390 0. 631 AR Bk
logk,, = 1.03logK,, -0.61 117 0.95 JTiE
logK,, = 0.63logK,, + 0.90 54 0. 865 By AR, A e, i o, SRR
logK,, = 0.47logK,, + 1.09 216 0. 681 AL 0 RS R, WA TS T, B
logK,, =0.545logK, + 0.943 57 0.713 IREHR
logK,, =0.4331ogK,, + 0.919 39 0. 863 A e R
logK,, =0.402logK,, + 1.071 15 0. 69 A
logK,, = 0.904logK,, -0.539 12 0.99 ZH I, Ak
logK,, = 0.937logK,, -0.007 9 0.95 =B
logK,. = 1.0291ogK,, -0.18 13 0. 94 Ak, R dU
logK,, = 1.00logK,, - 0.21 10 1. 00 ZHF R FHEEY

S 43 TC PR S Y P AR T R L 3E N R T, AR
FRAR /0> (4 745 5 3 35 7 5% W) 61 05 i K VE A HL IS
PR EBEHRE, S EZNAEZD ) HA R EZ
Ak 7 A3 e ) A LT T R 3 AR R LAY
LAY — 4%, A 1T RE A A R R A Ik
ARG B, SR X A 1 T T RE S BT 5 43 0 B e
2R Belfroid 25" Ay , ) T F- i 2 i B 6
URIUE G o A AN € R SR IR R L/ NE 2 G
BT R TSR, B Y A HLR A R
( >20% ), 85# % T 20w K 1k 35 e ) (logk,, >
5, 7 43 BE AR T f) T R 43 A T 552 o i 981 A 5
Yo, RSN, BRIz R RLE & R AR At —
LB T 7 B T 4% SR, I BRI BTS2 BR A R
B PP A A g Y
2.3 EERER

R FIAY (rate model ) XA FR A 3 AL AL, S —
Tl A1 U0 A8 3% A R 0 i 5 AR R e T 0 O s, AL
B2, X FREELEE AW R E N — AR CRFEF
) X B TR R R RS ek
FE P R A FE O AE 43 A b S B P i R R e
B ZS ) A A S R R R ROR 2 B R
B BORS I 75 e W A R AR 3 B AR L R R

I3 AR RO M 0811 D — A &7, ol LR
—ANTRART, I W51 BT B W B0 A5 o R e R

E: kRIBREE, kRBHEE, R, kR
MR RO R, kR R R H R, kSRR R
B, kJEAKEERFE, kR R Note: &, stands for
desorption rate constant, ., for adsorption rate constant, k, for
dietary uptake rate constant, k, for uptake rate constant from
interstitial water, &k, for elimination rate constant, ,, for metabolic

rate constant, k, for growth rate constant and &, for reproduction
rate constant

2 BKEA BTG B Y TE A - 5] R 8 AT AR A
Fig. 2 Schematic representation of behaviors of hydrophobic

organic pollutants in the soil-earthworm system

http : //pedologica. issas. ac. cn



1 4] o AR WA < A 051 AR K A LTS G Wy 1 a e L T A A 5

A Bt A, I o 6 I 2 o B8 A 21T & R
T A AR 7Y R T R AR A A BT e W Al aT L
BT VR A5 43 e BE 1S B T 7800 b ) R i
LR £ 1w KM A HLTE G W A AT AE M Belfroid
AU T A Bl A 5] R A 25 8 A AR G S AR
FETRY i AR TR SR B i ] W WA RN 2 R A ML TS Y W i
RV T A A, R IR — AN B S R B
LAY AR AR U BT A B W A A B R R A — = —
Hah Sy 2R W 2
R ) ek =k
di;m:hcp+hcm—(h+k2+h)cmm—RK
(2)
K, C,... CL A C 5350215 Ge W 7 i 15144, 4= 38K
AH RN A UKL 8 e B kRN Ky 43 0 SRy e ] DA A g8
UKL N - K W S Gl W () SRk ke AL K 3 )
Sy ke W) A K AR T Gl 2 R R R R ko
BIAR R Rk & K, 2 ik w2 A B5E BB T B,
R=1,%Am,R =0, 4nid5 & Py Kk &k 8 fa s

L ER S 0 SR, 1
k.C, kC.
fm:kg+kzlkm+kg+k2+km (3)
K (3) ik — 2315 BSAF, X FEA Wik
DA 3% i 1 R 7K T A AL TS e W, AN 2 L ke s 3 A
KA Bt B 5, B AT LT Ak ok
kC +kC
e (4)
LR N s =S eI N G RUR 8 S A K A (EPS RN
E R R A A R SR, T kS
ZRCAG AR E AT AR R AN B e, DR B B o T
JUE R AN W E A — A e R
CE IR —E HERA, B AN, i ] AR B AT 4 A Y A
BE R g A, 3 7 e 51 2 ST RN 25 5 K M A BIL TS G
Vit FE e ge B A A [ AR o B [ W 0 3
JIERRAE
2.4 HFIER
Jager' "' % & T Belfroid 4 i 1) 5F- 45 43 Wit B3¢
P T HLEI AR ( mechanical model) , B Kt 48] & 1
S — L K o TR 28 10 T A A B 25 4, TA Ok i )
Y E S REEG K A YL Y 7 e A, -
SRR A ke 451 AR PN S A (oK AH RN 2 ) 2 [a]SF 45 43 i
485 T RE 7 3L K PR A LTS G A i 44 Y Y
FEERIAL, WAL 3,

= =0, M5 Hh

CWO

B 351 AR

B 51K AR

P03 i isl & AR g K PR A BILIS e AR A R 1A
Fig. 3 Processes of earthworms accumulating hydrophobic

organic pollutants

BRI R AR R BN,
Kworm—matcr Fwau-r + Fli idKu»
BCF = = L (5)
p orm p

Ko B BLTS Y W75 - HE K A R 35 2 6]
5 BT A5 0 B0 20 B R B, F L R F L 50 SR 36 i
AR A RIS 2 9 5 B (PR TN B0 L o 7 B 5] £
P S TR AR R R T A BL TS
Wt K, Ab , 7 T U 08 0 45 R B S RO — A
B A B A T, Jager ™ HR T — 1 P 0 i )
SRR, WK 3,
HE— b,
qu o T FlipidKuw Cwm

K\\'urm -water i rm
BCF = T - (6)
p Poom C

Ao, C AR BKPEA BTG e ¥ 7 1 32 15140 A 4 0
K AR IR B 7 i 7R AR P e . S(6) &
ik iy AR I W] LA SR AR B K M AT BTG G B A i 5] 1A
P 5 SR P R R R

me» ater Fwater + Flimean

_ m-wat Yal _
Crom = C. =
P orm P orm
_ Foer + anman C, (7)
P worm K,

3 3 X2 R TR (4 B IE | Jager ! TA Sk X i ] i
R Z BB KA DL BUR IR AH 2 3 200 I B
A7 A5, T T 488 56 7K PR B A ML A 2, e 15 7K AH AT
REt 25 — A HE B A, A A ] DLE A B ik
5647 Jo Ry 7K 1) i 51 A e i DXL e T A B
Sy o s T bR CF AR ER 72 5.6) , AT
R T LW % &0, AL 9 K agib 3 4
e — 1 e K — i ] R &8 1Y RS e AT, XF T BT
YU BRI 0, 255 R[] B R B TR . Bk 2 4598 TE B
TR AT R

http : //pedologica. issas. ac. cn



¥

51 %

£3 BRSSP

Table 3 Selected property parameters of earthworm
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PROCESSES OF EARTHWORM ACCUMULATION OF HYDROPHOBIC
ORGANIC POLLUTANTS AND THEIR PREDICTION MODELS

Shi Zhiming Xu Li

( College of Resources and Environmental Sciences, Nanjing Agriculiural University, Nanjing 210095, China)

Hu Feng'

Earthworm plays a key role in the terrestrial ecosystem and is often used as test organism in chemical risk

assessment. To understand how earthworm accumulates hydrophobic organic chemicals (HOCs) and models for its predic-

tion are very important to security of the food chain and chemicals management. A brief introduction is presented to

processes of earthworm accumulation of HOCs and its affecting factors, and several models, as well, for prediction of the

accumulation, such as empirical model, rate model, equilibrium-partition model, mechanical model and fugacity model.

In general, earthworm accumulation of HOCs has two pathways: ingestion and percutaneous absorption through simple dif-

fusion. As for most of the HOCs the latter is the dominant one. However, the contribution of ingestion increases with the

increasing hydrophobicity of the chemicals (logK,, >5), especially in soils high in organic matter content. All the predic-
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tion models, except the rate model are developed on the basis of the three hypotheses: (1) HOCs are mainly persistent or-
ganic pollutants and their basic behavior in the soil-earthworm ecosystem is the process of distribution and equilibrium be-
tween the solid-liquid phase of the soil and the biophase of earthworm; (2) the fat phase of earthworm is the main accu-
mulation pool of such organic pollutants; and (3) HOCs inside earthworm are not subject to any or negligible biotransfor-
mation or metabolism. At the end, the paper suggests that the research in the future should focus on behaviors of HOCs in-
side earthworm, such as distribution, so as to understand more about eco-toxicology of HOCs in earthworm.

Key words Earthworm; Hydrophobic organic pollutants; Prediction model; Equilibrium-partition model; Bioaccu-

mulation
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