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W OE /AR D E SR TS G AR BT AL, 1 AW R R P A A IS XU S LA R R A
VARV, ELGENAMIR M L, W TESREEYABEMAY TR AENE L kT
HAFMR PRI ESRAEDASEN AR ONR . . RTE); AETHTHR L5y E
& JE AW AT R VR LR SN ik, A AE RIS B M 4k (PBET. SBRC. UBM %) FEHG A ¥4k 44 T
8 /T AR B 4 S AR A R AN AR R R e Y DG s R 2 (T AR B A M R A BT ). R T
KR - 45 /URR W v B 4 IR A W S A A T R R AT SR T 1, DA DR B 4 R AR S KU BT A RS
KR EEE; EWAE; £ R L5 DU

T RMSSWARR S R R EE Y A, BT R R B CRANAREFAMERE. H
T AN m AR, R AKRE EHE, T L3S e 808 #™ IR, 48 O 1 8
BelH 1. (AE G JORBHE A A4 (2014 4F) ) Won, FoE B R B, Kb Ty
Yule e E, SR RIR 7.0%. RER 7 LG Y E TAC, EA R TG PRI = A X
10% B+ 3R AL e A 77 W, DURRY) 2 /K PR 05 (0 E B2 AR 43, W5 Je ) (6 e 55) 11 H 248
T, BREE A s 2 (i i 4 Ja I TTC AR R 3 A K Pl SN AOK IR i E A Jm S AETUR
Prb Rl R, G SJRM A TR Y b AR R S R 2 O TR TS YR, T A
SRR E AT YR, BA BB SRS, F, AR LIEATRY b E S BTG,
LR T R AR i SRy e Ra SR ) B NG~ (223 = i S 7 8

T HAT R TR R A R AR (ReE L E) B4R R R E 2R a7, #EANK &
B, XESRIEE (T SHSME M), B (pH 55), TSR E &N R, H
YA RSB A IS SR ST SR AR, T R A S KUK PR, R RE Sy il g
YimBA: 2019-02-15; RAHEHA: 2019-05-30
ESWB: HRAKRPIEILESTIE 41877368); ' EIRl B # 4F G5 2k £ %5 B3 H (2017059)
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HhH < R R R T N A R, B KB A N 2, T ELSE T PR AR o HERR 2 A
SR L R R WA R (PR SE ) MAE Wy al AT (AR SE 3R, X 0 o DAl i <5 s % 8 0 KR
fl e R 2B O R FEPTAR U R B KR, JRW s Y 2 i e LR R 2 B B
Frfs Z 0 R VO Y R R S ) RARE G JE A EE RS, DU P A Wl R S A
AW s, B E Yt ih , R AR SoA SCTURR Y vh 6w A A Sk B BE S 7
T B FGE A R 3R — R SR T R e,

AWy P AN Ay R MR DA S DT R ) R E R R B RONAA RUN RE AR . AT, R T
SR B PR ROV AT, © iy Bl B e A 18 R AR WA AR /A Wl R A A 1
[l 1% 2 2238 80U TR 250 A 2000 56w A2 WA Bk A AR Wy m] BRI 23 A D5 ik, R R
) e TR b R G A U AR 1 AR S a0 N S S SCHR B I gl AR B, B 2
TESREYABEMAEY A RN E X, REEE T T AURY) T G R A A R AEY)
A H R OIS T 2 SN R, PR G A 1 S /TURR ) v R < T AR A RO R AR W R R A Y 5
e PRI 2R, 5% oA S sk — U A A T I 4 1 T L

1 EEREVERMAEDAFAMENX

4 B YA R (bioavailability) F1A:= 9 Al #1] 4 (bioaccessibility) # # 1R ¥E . 0 T XA YA 3L
PEA —IE WA, 36 - /0 Y b s e W) A WA A vE 2R 5145 (NRC) $& s il 2B A vk i
I — AR, MR — RS2 AR AW 0 i . 3 B AR SO 5575 e i vl S B ML Y T I DR 2 2 R
o, AR SR TR AR RG2S W R IR S B A TR A ) . b, 2 24 W e e KO B A
AR, BONEYA RPEN 100%; 558 b HA R A2 (B iR) #F AP IRES Tl
SEAFE A, AR SRR G IR 25 3 2= B AT AR WA At i A g 5 AR B B2
Gk, B SO TG GLpaE aok B BR A Ml L B8 A B A R AR R G A AR R, AR X AR Y
A% (absolute bioavailability, ABA) FIAH XAz 94 &4 M (relative bioavailability, RBA)™>,

T4 @ 40X A AT BRCPE R A R R A B A B AR AR S PR I O A AR B R
GERIFR T BUA o o T A A WA R o M ik B A A, WD R il v HORE HL R 4 e vk B AT A DU
PR, CE SEBRIE R R T AR D a3 A EE 4 S AR AR W A RN R e XU A o BR R A BT (a0 - 358) 1
WL 532805 FEPE A5 b 2 BR A 5T ) W W o3 K000 AL . R 23 A ARG AR 0 &bk fe b, 2 IR Bl
WALFEBRE R A Y. BRER AT SRR A, AW AR E S B 0R P FUFE . B R Ak SR
SREAEZZERPOMGEY., PRS2 T HEDESE AW A M, mETTRY T,
4 J& [F LR (assimilation efficiencies) B % X A 78 AN 15 AL G P8 o R v Az R 1% B 1) ks 285 &
ElREMA SR, X—2 LEWH TR IR AEFEIGEE IR EYERAELE N EY
AR,

4 8 AW n] R HIPE (bioaccessibility, BAc) J2& 48 AT ¥ i T 1% B W P BE 9B 2 e i 3B 43 03X —
WE&H B F L4 rh 8 & R RSP PPAT B AR rp B 3007 WK (). AW nl i At wT AR B
IR, BIAHX A= 9 a] F) P (relative bioaccessibility, RBAc), &840 #T ke i b 8 4 & A4 9 n] F|
Y5 ZRY b E SR Y TR R R ERY, R IEL (2).

Lgac = cg/cr 1)

Lggac = Toac/Rpac (2)

e Ly WNEESBAEY TR Liga HE B X EY TR o R RRING B BB

BWHMELSEE; oo MOTFEMPESBEE; Thn MoEESPESBAY RN, Ry NS
W) Jo vh o 4 Ja A= ) mT R o
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TIEAGURY T E & R AT et 1R R A A W R R IR A A R i R R D R (K 1)
R 4l RO 3 R A A o W B R R R 3 25 3% 22 $ B (Buropean Community Bureau of Reference,
BCR)"7, /TR & B IMAAIE S0 4 FOES . SR TS (Bl), BIAT 38438 K ik iz 5
25838 WIRJEAS (B2), B FeMn B AL 4G IS (B3), BIAHLY Mmfba a3, ik
B (B4), MEEGIERMMRIBT YRS ESE. —BIAR, $HRATEMSESE ALY H
M RS A SRS H & R T AL pE AR, R el R sRiB A E SR
BAE, EARNEGEY A HER, 5T gAY T MASESE, S0 B REE AR
HORSS S8 WO, B 4 R AR A Ao — A T L A el R B

AR A R

\ R (cd) N SRS (B1) N PBET N REZ
V % (Cr) - TEEA (B2) \ \ SBRC 1oz, N /ML
J B (ND) v UBM RN
‘/ %(Pb) \/ ﬂg{t?&(B?&) \/ VG \/ ﬁ‘%
N V gkt (B4) N N

: ) A A A
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5 HRAMBERL o2l
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Fig. 1 Relationship between heavy metal bioaccessibility and bioavailability

2 EEREVENHEMEY TR AMEHRRGE
21 ESREMBEYAMEMRAE
211 XEFPELBAEMAE KRR T &

FIH S AR T e AR PN S 36 8 e o T VP - 3 v o 4 J R B N NS R A S e, 2 H AT
WM ELSIRAEWA MR SEN Ik, LD ES R v R R, S A SR A 3 iR
WA, HhOE#EAEERELEPESRE FENRERE, REERHERY R US.
Environmental Protection Agency, USEPA) fliif 2~3 %/ JLEE SR A L1 &8 0.135 g-d P, L
&R AEYA BN R R E YRR 2, w0 P MRPY L A, BAR
KEMAREG KRR, Bl THER RS, LSRN Y, AW 8ok ks 4
RUELHE 3 M /RO AR AR S B s e . RO Y . DNA NG W s S il SE R, BARAESE
T P A A B T AR A S N AT R 5 R

FEAE D L3 & R A WA AP S OB B, O AR TR S NS BT Ak 2R G 45 R AN
AET ] 43 AR AL, H ARG AR RS | IR EE R B B L S 4 LA AL, BCE B R PE AL - R 4
JE& TR AR AR, (HRE R AL AR I FE i (R L 2 FH s S 2 12 s 0 8 1 1 FH 381 29 i AS ) 286
HHE A (As), R (Cd). #HY (Pb) SFE A B AW A S, b, JUHASZ %07 40 b7 T 4k B J 34 + 4
o As(i fE 42~1 114 mg'kg ") ) RBA N 11.2%~74.7%, B X + i i As(i & 577~807 mg-kg ") i)
RBA 7 6.90%~40.8%; SCHRODER 25l 5E T Cd &L &k 23.8~456 mg-kg ' JE F ¥ HE ik X + 3 v Cd-
RBA # 10.4%~116%; MARSCHNER %5 52 T Pb & i A 12~199 mg-kg™ 1+ 3 ' Pb-RBA ly 17%~
63%. /N s FE T 55 4 AR 9 A BC AR 30 0 22 5 AARARL, BA 5 . maR s k. wl
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T Ao S VR R W A W 7 S T 4 R R S e SRR e, AR R R A R A A AR
PEBF ST 7 AR 8]z 38 P, o, BRADHAM 450 Fi B /)N BB B H 56 [ 9 b X 11 As-
RBA N 119%~53%; LI 4EP5 F) H /N BB 23 B 45t o B 12 A0 R R 2880 38 (0 XL i IX . Rl
[X) o' Pb-RBA 43514 7.0%~26% . 319%~84% . 51%~61%., H1T HIEA s2iit . FlE K %A
6, ZRahiial i — b E SR AE A SN S R —EER.
212 RABHF ELEBEMA IR G E

UURR Y h 3 4 AR WA O I 9 SR FH I S I B R b R AT S P (6 1), — S8R 0B HE 3l
Y RESEHARE 2BZ2MIRY R E A S ERTED, KW CHEMEIMEREIRY )G,
SEAL . RDTRR  AE Y AT R A E A, I X L E 4 JE RS ) W 1 3 5 ) B A R,
e BARBF5 H, GRISCOM 4589 R H ik 2 1 (AR MR (Macoma balthica) 15 2| T H Ag. Cd il Co Y
A AL 8 0 9 1290~22% . 6%~13% il 8%~20%; GAGNON % 43l 715 351 FL %) vh Hg #1 CH,Hg 7& I
UL (Mytilus edulis) 15 N 1 R AR 53900 19~9% T 87%. BLAL, ILAF-3k, V52248 kb Y Hol
4R (diffusive gradients in thin-films, DGT) bz H 2] 0BT th & &8 AW A 30 . AMIRBAHMAN
VRO (He) & J& DGT 3% & U 1 i) (TR v Hg X R B JEE G TG B A sh i 0 A 0 b, &
I DGT $5 A 0] AE Ky —Ff A7 50 W i 532k S0 P A7 JC 544 s P P DL R v H 19 AR WA o o

1 IRYPESREVEIUNEEZRARE

Table 1 Models for the determination of heavy metal bioavailability in sediment

JCH RERLY i DU rh 43 ) 5 i [FfbRCR/% 52 30k
Ag W g AR A (Macoma balthica) 0.2~4.8 ng-g ' (M) 14.7~27.6 [46]
Ag T DL (Mytilus edulis) 0.2~4.8 pg-g (AT HEHGE) 2.6~3.5 [46]
Ag % W5 A BRG (Macoma balthica) 0.43~0.84 pg-g ' (Bha) 12~22 [30]
cd 1 B FAPRAA (Macoma balthica) 0.17~0.40 pg-g ' (B &) 6~13 [30]
cd W 2 1 (ARG (Macoma balthica) <0.2 pg-g (AT I 9~21 [34]
Cd WG UL (Mytilus edulis) <0.2 pg-g” (MHRELE) 15.7~35.4 [34]
cd FEEEMT(Ruditapes philippinarum) — 29.7~36.1 [35]
Cd W B A PRAA (Macoma balthica) 0.02~0.2 pmol-g ' (AT HEHE) 13.7~20.5 [46]
cd M5 01 (Mytilus edulis) 0.02~0.2 umol-g (AT HEHLAS) 10.3~19.1 [46]
Co % W5 A BRG (Macoma balthica) 8.8~17.6 pg-g '(Bi) 8~20 [30]
Hg TG DL (Mytilus edulis) — 1~9 [44]

CH,Hg & DL (Mytilus edulis) — 5~87 [44]

22 EEREVAMBMMREE
221 X EREEYTAHRESL T &

3 b R A T R IR T B E R O R R AR AN . T AR R G H A O
PRAMEAL SE 06 T A HOC T 7, AR O . B AU 3 BB, Hid, WA 1 s B ) A
FL(Z92min), AW ERHE P RSB, TARERGEERE. BET, ANk
%L H PBET(physiologically based extraction test), IVG(in vitro gastrointestinal method), SBRC(solubility
bioavailability research consortium) 1 UBM(unified BARGE method)!"**"**7(3¢ 2), H.rp, PBETM J& #%
TR T AR A B e B S AR AR A, R AR B AR 2 B Be (2~3 & LE); IVGPY fi
T By, FERELE R IMA T AR, 2% 7T AKEEA IO, BT E A
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WRE, 260 T M AR U], SBRCUI HE— W4k T BWWALSy, RS T H &R, AR B [ A
K UBMP 2y RO AR 9l R FE PR 95 /NG T 2011 AR G, SRS M 2%, H I T e
WA, BAEHE — S T AR 28R A e T 4 A el R PR R 5T vk . X LR T R
a7 BRI W7 H A IR, 4 RP 7 1 B0 HLER E B0 BRI JE R RE X 4, IR R B BOR TR H A . BF
RS BEEAMESINE . HET, PBET. IVG, SBRC il UBM %KAM S8 )5 ik B9 2 W T +
BhESEAYABENIR, EELEET T As. Cd Fl Pb(E 3).

®2 TRPEESREVITFAMEEFIMEIUSKIE

Table 2 In vitro gastrointestinal simulation models for the determination of heavy metal bioaccessibility in soil

Tk HREUH H RS B JRE/C pH IR/ P FA R
. 1.25 g B, 0.5 gERmeh, 05¢ 13100 37 55 | HAHRBUR P LR, &
PBET FPEHREN, 420 WLFLAR, 500 pLAIR ' B3 LENIL RS, (EH %
W 175 glRiF(#E), 0.5 g E ) 1:100 37 7.0 4 JEEYIEI
- B 10 gHHMAAIHE), 8.77 g NaCl 1:150 37 1.8 1 BB f 8, AR R
o 3.5 gBit(#), 0.35 gREG) 1:150 37 55 | A, (BB B —
- B 3003 gH &R 1:100 37 1.5 I AR ERL AR BE, E i A 4R H
M 175 gfBiFAR), 0.5 gRREGE) 1:100 37 7.0 4 IWHEER
0.896 g KCI, 0.888 g NaH,PO,, 0.2 g KSCN,
_ 0.57gNa,S0,, 0.298 g NaCl, 1.8 mL NaOH
THEV ) . A 1:15 37 6.5 1/360
(Imol'L™), 0.2 gJKE, 0.145 g o-JERIEG,
0.05 gZh#E 1, 0.015 gJkiR
0.824 ¢ KCI, 0.266 g NaH,PO,, 2.752 g NaCl,

- O%CWbﬂﬁgNm@jigﬂﬂ . ST VRV, SR ¥
upm 0 G7%). D08SgIkE, 0.65 g%, 0.02g B375 37 12 U e, ARG
WAL, 0.33 gAML ARL iR

AR, PRTFE 53U

3.0 B, 1.0 gliFEAGE), 1.0 gHEAM

0.94 g KCI1, 12.3 g NaCl, 11.4 gNaHCO,, 0.08 g
KH,PO,, 0.05gMgCl,, 0.36 mL HCI(37%), 035¢g
fm  JRZE, 042 g CaCly, 2.8 gMFEHEME), 3.0 gl 1:975 37 6.3 4
WE, 0.5 ghBlimE, 6.0 ghfit(dhi+ 38 mcm
RETH)

PBET o] i F/r#r £k As. Cd. CufIPb EZMESE AW MMM, Hisdsshyiirig
RIFATIER, T EPORW 82 . RUBY 48P0 RAE TR A SR + 34 5 6 PBET 34T T 90 0iE, %
BRI EFAILE W pH &F5, BT 3 M E W pHO3-F IRA . 4.0-3 8 RE . 2.5-5 A
HEZEPRE) . SR EM, pH M 1.3 F-2] 2.5 b fE v, BAHPE ML PO FH TR T 57%, #EA/N
Wk ST B T 29 74%, BLWTBLEURE o Po 9 A= 4 AT ) 1 25 Bl pH A e TR AR pH=2.5 B A 15 3]
1) Pb-RBAc 1] LAAR 47 b F500 P (19 A= A 20t O BRUBEARY ), SCH i 5% v R B pH Ry 2.5 19 15 AR R
B, LISEMF /NSRS 23 B 1 b 12 4> 3 b Cd(E & 3~296 mg-kg ) Y AE YA & PE, #Em S
PBET #5 R i 17 LR B UF , & 3 PBET H A Wl 32 V5 4 - e v Cd A= WA 2L 098 71 . 48k,
PBET . # 2% 15 b 1 F KR DL AL v 8 4 J@ A2 9 nl AR HE00 E . DEVESA-REY 461 f PBET | 1%
9 LI UL As B Wl R, S5 RN 19%~11%, FIHABZEROT %40, PBET fig 0 4 Hb i
A JEC G 3h ) L H 4 A\ TR 4 J@ 15 e LR 1 B PR XUBS: . UNDA-CALVO %61 SR HHE IE /Y PBET(HE HH 5
BRI 3 h, pH=2.5) /A iRy b E &) Al A, LI E AT Zn, Cu. Ni, Cd#l Pb 4



1780 W o i %13 4%
=3 TRIXBTETSEEEYTHABMN
Table 3 Heavy metal bioaccessibility in different types of soil
TR T+ AR A AT BAc/% EZ BTG
As EE X+ 4% 2 PBET/# 44~50" [36]
As TPE @ R R FNEERX) 11 UBME 7.59~52.4 [50]
As TE IE@ . R X FNEERX) 11 UBMJizAH 5.74~52.9 [50]
As T @ R X FEHRX) 11 SBRCH# 2.33~49.2 [50]
As P G . SR X FIRERIX) 11 SBRCHH 0.46~32.6 [50]
As T @ R X FNEHRX) 11 IVGH A 7.26~44.1 [50]
As TPE @, R R FNEHRX) 11 VG 2.32~423 [50]
As TPE @, R R FNEERX) 11 PBETH 1.33~37.7 [50]
As TE R IE@ . R R FNEERX) 11 PBET/iZH 0.86~42.8 [50]
cd TE 8 TP X+ 35 10 IVG HAH(A A= T AT 11.7~47.5 [28]
cd FE ISR FE YT X 7 10 IVGHEAH(H A: I AT 4.05~19.5 [28]
cd T 15 ST X -8 10 IVGH ARCEA: i ) 21.3~95.9 [28]
cd W PR R HE R IX 4 10 VG (JEA: i AT 15.0~55.0 [28]
cd TG HECRLIX . RETX XS 12 PBETH 35~97 [12]
cd TSR IX . R EEIXAF) 12 PBET/AH] 19~64 [12]
cd VEYIECRALIX . SRIIX . EEX ) 12 SBRCHH 59~103 [12]
cd HRIEEX . RX, FEEXE) 12 SBRCI#H 38~77 [12]
cd HREFEX R XA 12 UBME H 61~99 [12]
cd YR IX  REIX . XA 12 UBMM#H 20~56 [12]
cd EY AR R XA 12 IVGHAM 54~107 [12]
cd TGYHERALIX | SRE X, X EF) 12 VGl 42~88 [12]
Cu Wi FRIZ 11 27 UBME 68? [51]
Cu Wi FRZE 1 27 UBMZ 312 [51]
Pb LRI 2 PBET 5 A 9.5~35" [36]
Pb Wit 2 PBETHH 4.6~8.3" [36]
Pb X A5 2 PBETH HH 70~83" [36]
Pb EEX 44 2 PBET/# 29~54" [36]
Pb FER I SR X 358 18 IVGE HH(TEA: THi A1) 32.2% [52]
Pb FE ISR FE YT X 7 18 IVGIAARCEA: Ifi ) 1.06” [52]
Pb &SR Y X g 18 IVGH M A: i) 23.07 [52]
Pb 1 o B 2 M X - 4 18 IVGIAHH (A A: T AT 0.56” [52]
Pb TEE W . SR XORARRX) 15 IVGH AAH (JE4-9%) 3~20 [43]
Pb LT HIEHHE . R AR HRIX) 15 IVG A (A 24-4) 11~56 [43]
Pb EEX i 2 SBRCHH 35.7~61.0 [21]
Pb fEEX L5 2 SBRCHH 2.1~2.7 [21]
Pb Behe) 3 SBRCHH 60.9~64.1 [21]
Pb BRI 1 3 SBRCJHH 1.2~2.3 [21]
Pb TR )= 27 UBME 62? [51]
Pb Wi )R 1 27 UBM/iz#H 322 [51]
Zn Wi FRIZ 11 27 UBME 477 [51]
Zn TR )R 27 UBMJH 23? [51]

TE: DA ER AT R 2) M.
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Yol RHYE S A 22.1% . 6.2% . 37.7%. 11.2% F1 15.4%, TWilAsHH Zn, Cu, Ni, Cd fl Pb A4 n]
RIS 9 M 4.0% . 7.6%. 24.3%. 5.7% 1 5.7%.

1999 4, RODRIGUEZ 5P J¥ & T IVG F K Uil 5 e - S M A A b As IZE A 30, %
WESE R A IVG I 5E T 15 4> T 3ERE F b As(EE 401~17 456 mg-kg™) AW ol FHE, KB IVG B #H
FUA AR AR U A o] B ZS As 5 9 R R RAS 10 A SOERS As BERIFEREC R, BEE T IEM
ok FHE T, TVG X T 0 E CdRn Pb Y AR W Rl R, O R B i A R HE AT 58 IE .
SCHRODER %28 F| ] IVG PFA% Ti5 9 3 rh Cd AWl R M, RIARINE Y ki) i 8 #2
IBCRIAS I B 40 769 i 2 AT 8 e b i 37 15 4 - 3 v Cd AR XS AR 04 85t (R ), SCHRODER 457
RSN VG #EATSUE, & 815 A T 1A AE OC A AE R FT BE 23 AR AR 9 a] AL ZS Pb 7 it . MARSCHNER
SRS - 28 R B B F B T RSN SZ G (IVG) 45 21 A4 Pb AR 4 AT R P R4 N S 56 (Zh R AR ) A5
FH) P A=A %E, KB P 9 26 6 AR X A A SOPE S TVGOE A S A ) B B A ] R
FHZS Pb B T0HH M

SBRC 1 A1 ff- b 5 00 5l 49y A5 0 P 52 5645 31 19 Po A2 904 3 . JUHASZ 2521 ] SBRC 5 £ 5L
HU P2 O AR AR 5 VEA TR RS e L Erp A nT R, F PO S YR (G, 1~
10 mg L") 5 ARG A2 9 T R % o o 45 R s, B A RT i AR A2 9 Pb A= 4 ml R ) A
35.7%~64.1% F1 1.2%~2.7%; 33 Z TR U TE pH=6.5(17 A1) T A4 VA itk 185 1134075 Yt 338 v 405 A0 X6 A= 4 1]
FIRHE, HASTE 11.7%~26.1% Z [ . UBM #37 § I 4 — AW ] IR 5k, SHTA
[ 26 7+ 3 v 22 R i 4 AR W o] AT SE . ROUSSEL 256U UG 4 7 27 M 62 AL 5 (FE e
FELEE), SR UBMIE T Cd. Pb A1 Zn BYEW W] R . 2553 B, Cd. Pb Fl Zn WA W R H
PETE H A T 53 51 h 68% . 62% FN 47%, T 7E H M AH T 5300 31% . 32% Fl 23%. XIA SV W4E T
7RISR A 35, SR UBM PEAL T As il Cd Xt Pb A= ¥l B PR RS20 . S50, B A
th Pb A ] ] YE N (44+£9)%~(100+£7)%, 1T g AH T B R (1£0.2)%~(36+1.7)%; As 1 Cd XF Pb A9 2E
Yyl R ER A R, BB As Al Pb(Cd AT Pb) TR A 40 14 25 9 ] 1 Sk B85 50 fin RS30R
222 R F EEE AN T A AR

JE AT h Wy B TR ) I 2 22 0 AR W AR T AR i il R A A A, X — o R T ORI SR U b
FLEB AW T A M. MAYER 58P WF 58 T MV JCH #E 3h b 42 B0 38 A6 8O0 DB ) v Cu il
Pb (A R RN, A& ISR 9 A T AL TROG UL AR ) v B & B B VR A e 22 57, 3% BRI o A ) 8 BB
KT, DO = & ) A vl ) M AH X 2 B0 ) Fl 02 AS R 9 . WESTON 45 B SR I B¢ 2%
(Macoma nasuta) =4y B2 B S 56 F—FhoBr AR SN AL (B FDTEED JE (1 2 B2, Arenicola brasiliensis)
PRI, WU T A JE AR T R AT T RPN . SR R, AR BRI Cd Al
Pb &5 28 d B 5& 5 Wse 28 A A b B i v BE A O, 1T T AR VR IR A1 0 BT 1 S — 1 T AR
Y E 4w R W B B XU AY T EL . BAUMANN 45 B4 5% B 0 5t 1k 7R B ¥k i 98 T 2 & 28 (Ulitta
succinea) T AT A A ALEE , 38 A3 DU 2 OFR A v AN TR) J0RE S A A6 B TR 8 A I LR T (— R
WRILY)) R, RIS 2 BAMARCREA & RS S5 R v IR A P 5256 7 B[R] R0 2% L /Y
BELL, AT B AR — b 55 S A58 AR Ll S PR RN B AN 1 AR A O AR e B vk . BT, A ORI
Wy R 4 AR T A A R SMIE S 5 TR IR A TR R B B, BT 22 B 4 A I A 0 AR A1 T AR TR
PRSI A G 3 T 4 8 AT R EEF 5 10 BTy 14

3 ESREVATEMEM AR A MR E R

3 TEFESEEVMERMEMEYD TR AMENFEER
3.1 T2 EBERETS
HESEEFHEALERE, SkEWK ., %46, WIESE—RIIN, IR F 122



1782 ok L OB ¥ W F13 %

. ARESESBNIATREEAERRZES, (45 HAE Y o] R % A YA 3O IR A BT AS
A, M= AR BRSO . I E &R IR A 5 H A ol F AR UIA G, TANG 451
WF5¢ % 30 PBET Il 15 /) Cd-BAc & 1o & Z BI85 R nl A A Cd &g . HIEhE &R YA R
PoZ B EEBIAFMANZM, VAHTER %55 58 i1/ BB A L BUAEARH 24500, B e
i £ W A P S T AR AL, T AE R R A LR WA B . BCRPT A G 4 B 4 rp 4 R A Y
Bormar, H, HRIAEMES . R JEEM A0S ESRYEASOEERA LY FH
PE, MIBRESESES S EMRERT Y Mg T, 8E e, BONEA Y] R,
312 #HEAERRKRS

N THFFEFRRE, ARBREBARSHEIME AT, W O EREREARG Y S
H5HMEWRAER, S ERE S 15 5 4 )8 A WA R0 R AE P e] ) 0B
ODANAKA 455 3 1o /N B RY (g F o 25 S R B, /N BRI 2o 11 s 3 A e 95 B8 WU i L As HE A3
g 48.5%, A% T VAHTER %555 BF 5% 1 45 R (89%), H:22 F ] U9 F VAHTER %555 5 5% b /N RUTE
BZHT G A8 h I A HEE, TMFE ODANAKA %P 58 /N RO B R . AZes I B pH 298
1.3~1.5, #r st el F 2.5, et antE T 45, /g AT e pHE N 7). 85K,
pH 2520 5 4 i 6 N 2R 1L R G0 N B . KENYON %507 % 1, 25 /N BV 63 2F 4 & i 3 (R ek
B N RRE 5 AR HEWE UG Sl i 0/ B LG, As BTSRRI T 10%. AR5 52 56 1 [R] B
FHEYRES SN P ES R AT A M. SCHRODER %52 | F IVG #F 58 & BLE ¥ (A i
A1) FAFE 23 520 - B v Po A A mT R, i — 20 L5 A6 T AT A OC 1) A R 23 B AIK Po 19 A= 4 AT Al
F
313 EIEEXAFeE

ASTR) 78 A 3 1) AR M JBT 2 % B 4 D 1) 2B A 0 R AR A T R A A ON [RRR B RS X
TZHESE)E, M pH BEIL, HE4EA LA T MESR R, L6 ) &miss, i
11 4 B AR W T FUHYE AR A R ST Y AN, R Y A A s e ks £ e
Ji /5 4 W R 45 AR R W R 4 Jm AR A st AR W T R . NG SRR A T TSR As 1Y
4568 R WA P E R X A A RS R, RIS B S s FH R SE T R AR AR L, As FE B
KA ORI R ZEARS 2 . DAVIS M dg i, X FZRE R THEH B AT As W ENT Y
JEE RS, WS As B Y AR B (0 1 A PR I PR L T (AR RESS) I B, XTA ZEPS B9y
T MO As FCd AR TR R sZ e, 5 R, HHEA PR . LB A LR 2 As
FCd A=Yy ] R B G SES0

TP E LSRRI ESE A LIPS, LAY R R YA R T AR 2 Rl A]
BT W A A i AR, TANG S8R5 T Ak e X b [ 5 Fpiu ) Cd 5 4 3% v Cd A= 4 n] R
AR g, 2R B, FESRIRYE (pH=4.5) L3, Cd A=W ] Rl PE7E 21055 1 R 208 F [ 5 1
VR E K (B A AH 23 3R 76.5%~76.9% Fl 52.0%~52.6%); 1 pH(>6.0) +4E ., Cd 2E 4] Fi|
FHYE SRS 2 (B AU A 20 908 53.3%~72.7% F1 29.9%~43.4%), HF %5 2 &AL A BEA P E K
Vo JUHASZ S5 A AR SRR 9 5250 PP AL T 38 12 4 H 19 As b5 o -8 0y AHXT A 0 20k . 46
WA, br L ER As 9 2Lt B S B A P (D) As BUAH AT AR WA RhE BB R T
75% LA b, {043 BREHE) RIEZE &1L 12 4 H G, As BIARXT A P04 Rtk to WA e 2 5 .
32 MAYFTESREVBYMNED TR AMENZWER
321 RIBAMBERAHY

PR 4% K PB4 (acid volatile sulphides, AVS) & AT o W 1 mol- L™ ¥% HCI AR TT
U T R AR A 3R 4y, B2 R AR AL W ALk Y, e IR VTR, BR Eh 2 th i R



%5 8 ] JESCEAF U G AR A AR AN A R R RO T 1783

R FEE R, NI s AVSC-2 U T AVS B R0 A R B AR B 4%, S5 FL B K Bk M i
[ 28 1 R 2 ) AR A AT G FEUTARAE T, AVS & d — M B DT AR IR B 1S hn if T v O i AR B 2
DU W28 B AR K AVS il Fe, 7] 2 B T 1% ¥ Fe A1 AVS DLW e B 545 i i o
B, MOCHESE R, AVS Al BEXHR)Z TUARY) (29 20 em) v E 4 )@ i M 2 AR IO, mifl
WA DTRY h g RAL, AVS i B RS A S HE FES R, SRR
16 20 ) 0t B 4 B A= B AT R R A R AR A R ) B IR E A B AR AR g, R ILUTRR Y
Cu Fl AVS 2546 A] et H G IR IS 2 50 W) 9 AR 1) B 1 R AR 01
322 RABRY KRS A AR

AHLTZ FE IR ok IR T A W BT, s A aRik . s 2808 | YRS, fEfk
srefvh, A E N A DLR . BEEY A Y . SR . E EIRAA SR, AR O
LA SURE ) X DT FR A v 4 B S B A AR WA O R . ZEDTRR Y, ORI A LT A 2
H5EERES, CHUEHX —o 72 0] AL 2 A E 4 )8 M gt e o — ol RN
63 pum [ TTARY) 2 5 45 Ja W BRI A% 1 B B2 R 2, X 5 B A R 3R T REURTRR ok b 3K A 27 2 B
Ao TURY T E S B RM A Y e, EAB0R A VL S B B CUHZ/N T 63 pm) 1A
B, ST /N T 63 pm UUFR A 4 43 ok BU A [A] J& PR DUAR P Cu W B0 IR, 95 A kA
BRI AN, A IR A IR R T OO A HLT LR VR IR AE WY L R o A R
R, AR S A E AR B A A G
323 AAXE R EAL

E Ak A JF L i (oxidation-reduction potential, ORP) # A A J& 5 il YT R W) v H 4 Jm T B8 i f b 7 2L
SO R 2RO, 2y EEER e B T 4 JE AR e A AR A A hE o AR S AR e, DURR) AR R T
AR E N 3R, AR HEE GRIEIR) . WAEUR (R 5 AR 2k A AL W Ak J50) IR 4802 (B R 36 i i
FH A 0107, 303 2 AN [R] 4 ORP AR ZS XS T DL ARy v 5 4 J& 19 A= 4 ml 1) FH % R A= ) A 0k A

U, AN, DUEY) ORP Fh s &R iE Ak Wy AL /8, s A AL R, DA (A5 TR 4

R /2 5 A 4 B R, T R B 4 A AR T R PR R AR A S DL R AR 4 A S
ERBHONNE—FREMIEE, EARRAEY TR HEMAEYASE. (HEAREY, &
DU ORP EJt, Fog Mk 4s & 748 Cd Ll 65% T REE] 30%, Cd &7 B A S0 ER
A A T A A P A R B TR AR AT S R DT R ORP X 7K 22 W] 44 P 4 F1EE 1) AE )
FHE —E ™,
3.2.4  JkAG A MY K R EF

TGV PR AEY (BN, WFEH ., MEB%) RZ2mMitEy, & B ais H
PR A 100 7SSOSR AR ) A A TS R S TR MR UM OC, s R m TR b E SRk
Ya] R FHVEFNAE A 0k . — SRS ARG AT G . AR s . IR ) # 5
HxPH 48 R EAEY. X TUiRY s B aH kL, PR AHTREESRBREMN EERR,
. WESYKP e, EREIER P SEAREIIRY, HE S8 KR 2% ] GE o0 = A4 1
PEAERUS, —Sese Ay, AR Ea U, T O PR DO oK B R, AR AL IE K
Y By — SRR XSS S S A R TR E Y S, Sl S E Rk B E 4B,
DU AW E R A LR R 7, B SR &R IEA, R AR Y al R R R R AR AR
P, CHMRER, i TFRAEWSBATREAIE, REVRY D Cod M miby, BT
Cu [ A= 9 m] FI FH P R A A 5P



1784 ok L B ¥ W 135

4 FRERZE

1) 545 J@ LR WA v A AR D) TR IR A R SRR 2R B R T As. Cd Ml Pb, RORG 2 4h R H
GROTTEMIE, FE AU T S JE A YA S A A Al R A SRR R, [ E A )
T ITIE IS R, AR TN [R] SE 56 5 0 M SR 0 nl ek A — 2o

2) T B AR WA O AN A TR R BT TR G B T R, RORT BN M R A O
OYMTOT I, EIETTRR Y b Jm A WA RO R A Yy aT A PR AT Y, B S B H R R T
S PR LA L AR A R A K Sl AL R A T

3) A O 5w A= W mT R PR AR SN 5 05 5 B T8 PRI T b, oROR T 25 45 3/ TR
HE G E AW AT R RS R, B R M A T AN R 2 28 SR /D URR ) b R 5 4 s el — A 26
Y A /U vh 22 R 5 s A TS R B Tk

4) AR b G AL WA P E A A TR PR RS R I R e B, RO ARSI 5T
WA T, I RGEr Z M N7 rAsa R, 2Ry 1 AR b T Qe il 4
REBE R AR S %

2 % X M

(1 3657, TP, 7, 45, IR P TR B SR 5 R BUR S PRA XTSRS ]. SRR SR, 2014, 37(2): 223-230

(2] @irfe, PILiik. DORW AR - & R R LI SR R (0], A= S35, 2010, 19(7): 1724-1731.

[3] ZAHRA A, HASHMI M Z, MALIK R N, et al. Enrichment and geo-accumulation of heavy metals and risk assessment of
sediments of the Kurang Nallah-Feeding tributary of the Rawal Lake Reservoir, Pakistan[J]. Science of the Total Environment,
2014, 470: 925-933.

[4] SOFUOGLU S C, SOFUOGLU A. An exposure-risk assessment for potentially toxic elements in rice and bulgur[J].
Environmental Geochemistry and Health, 2018, 40(3): 987-998.

[5] WATANABE T, WANG P Y, LIU A P, et al. Dietary intake of cadmium and lead by kindergarten children in several cities
and villages in china[J]. Biomedical Research on Trace Elements, 2017, 28(1): 18-27.

[6] JUHASZ A L, WEBER J, SMITH E, et al. Assessment of four commonly employed in vitro arsenic bioaccessibility assays for
predicting in vivo relative arsenic bioavailability in contaminated soils[J]. Environmental Science & Technology, 2009, 43(24):
9487-9494.

(7] 2. s e e b R o B i A A AT O HERITSE (D], g s B K7, 2017.

[8] DAVIS A, RUBY M V, BERGSTROM P D. Bioavailability of arsenic and lead in soils from the Butte, Montana, mining
district[J]. Environmental Science & Technology, 1992, 26(3): 461-468.

[9] XIA Q. Assessing exposure risk of arsenic, cadmium and lead (or mixed with PAHs) in soils using in-vitro methods[D].
Queensland: The University of Queensland, 2016.

[10] XIA Q, PENG C, LAMB D, et al. Effects of arsenic and cadmium on bioaccessibility of lead in spiked soils assessed by
unified BARGE method[J]. Chemosphere, 2016, 154: 343-349.

[11] JUHASZ A L, SMITH E, WEBER J, et al. Effect of soil ageing on in vivo arsenic bioavailability in two dissimilar soils[J].


http://dx.doi.org/10.3969/j.issn.1674-5906.2010.07.038
http://dx.doi.org/10.1007/s10653-017-9954-1
http://dx.doi.org/10.1016/j.chemosphere.2016.03.133
http://dx.doi.org/10.3969/j.issn.1674-5906.2010.07.038
http://dx.doi.org/10.1007/s10653-017-9954-1
http://dx.doi.org/10.1016/j.chemosphere.2016.03.133

%5 8 ] JESCEAF U G AR A AR AN A R R RO T 1785

Chemosphere, 2008, 71(11): 2180-2186.

[12] LIS W, SUN H J, LT H B, et al. Assessment of cadmium bioaccessibility to predict its bioavailability in contaminated soils[J].
Environment International, 2016, 94: 600-606.

[13] LOPEZ G R, LEVINTON 7T S. Ecology of deposit-feeding animals in marine sediments[J]. The Quarterly Review of Biology,
1987, 62(3): 235-260.

[14] TEK, B/ TR i G e N IRV T A s P ) A A R D). 2R AR 2RiE, 2012, 31(1): 207-214.

[15] ZHANG C, YU Z G, ZENG G M, et al. Effects of sediment geochemical properties on heavy metal bioavailability[J].
Environment International, 2014, 73: 270-281.

[16] NASR S M, KHAIRY M A, OKBAH M A, et al. AVS-SEM relationships and potential bioavailability of trace metals in
sediments from the Southeastern Mediterranean Sea, Egypt[J]. Chemistry and Ecology, 2014, 30(1): 15-28.

[17] MEYLAN S, BEHRA R, SIGG L. Accumulation of copper and zinc in periphyton in response to dynamic variations of metal
speciation in freshwater[J]. Environmental Science & Technology, 2003, 37: 5204-5212.

[18] TANG W Z, XIA Q, SHAN B Q, et al. Relationship of bioaccessibility and fractionation of cadmium in long-term spiked soils
for health risk assessment based on four in vitro gastrointestinal simulation models[J]. Science of the Total Environment, 2018,
631-632: 1582-1589.

[19] RUBY M V, DAVIS A, LINK T E, et al. Development of an in vitro screening test to evaluate the in vivo bioaccessibility of
ingested mine-waste lead[J]. Environmental Science & Technology, 1993, 27(13): 2870-2877.

[20] RODRIGUEZ R R, BASTA N T. An in vitro gastrointestinal method to estimate bioavailable arsenic in contaminated soils and
solid media[J]. Environmental Science & Technology, 1999, 33(4): 642-649.

[21] JUHASZ A L, WEBER J, SMITH E, et al. Evaluation of SBRC-gastric and SBRC-intestinal methods for the prediction of in
vivo relative lead bioavailability in contaminated soils[J]. Environmental Science & Technology, 2009, 43(12): 4503-4509.

[22] WRAGG J, CAVE M, BASTA N, et al. An inter-laboratory trial of the unified BARGE bioaccessibility method for arsenic,
cadmium and lead in soil[J]. Science of the Total Environment, 2011, 409(19): 4016-4030.

[23] MAYER L M, CHEN Z, FINDLAY R H, et al. Bioavailability of sedimentary contaminants subject to deposit-feeder
digestion[J]. Environmental Science & Technology, 1996, 30(8): 2641-2645.

[24] National Research Council. Bioavailability of Contaminants in Soils and Sediments: Processes, Tools and Applications[M].
Washington: The National Academies Press, 2003.

[25] NG J C, JUHASZ A, SMITH E, et al. Assessing the bioavailability and bioaccessibility of metals and metalloids[J].
Environmental Science and Pollution Research, 2015, 22(12): 8802-8825.

[26] LI J, LI K, CAVE M, et al. Lead bioaccessibility in 12 contaminated soils from China: Correlation to lead relative
bioavailability and lead in different fractions[J]. Journal of Hazardous Materials, 2015, 295: 55-62.

[27] JUHASZ A L, SMITH E, WEBER J, et al. Comparison of in vivo and in vitro methodologies for the assessment of arsenic


http://dx.doi.org/10.1016/j.chemosphere.2007.12.022
http://dx.doi.org/10.1016/j.envint.2016.06.022
http://dx.doi.org/10.1086/415511
http://dx.doi.org/10.1016/j.envint.2014.08.010
http://dx.doi.org/10.1080/02757540.2013.831080
http://dx.doi.org/10.1021/es034566+
http://dx.doi.org/10.1016/j.scitotenv.2018.03.154
http://dx.doi.org/10.1007/s11356-013-1820-9
http://dx.doi.org/10.1016/j.jhazmat.2015.03.061
http://dx.doi.org/10.1016/j.chemosphere.2007.12.022
http://dx.doi.org/10.1016/j.envint.2016.06.022
http://dx.doi.org/10.1086/415511
http://dx.doi.org/10.1016/j.envint.2014.08.010
http://dx.doi.org/10.1080/02757540.2013.831080
http://dx.doi.org/10.1021/es034566+
http://dx.doi.org/10.1016/j.scitotenv.2018.03.154
http://dx.doi.org/10.1007/s11356-013-1820-9
http://dx.doi.org/10.1016/j.jhazmat.2015.03.061

1786 ok L B ¥ W F13 %

bioavailability in contaminated soils[J]. Chemosphere, 2007, 69(6): 961-966.

[28] SCHRODER J L, BASTA N T, SI J T, et al. In vitro gastrointestinal method to estimate relative bioavailable cadmium in
contaminated soil[J]. Environmental Science & Technology, 2003, 37(7): 1365-1370.

[29] RUBY M V, SCHOOF R, BRATTIN W, et al. Advances in evaluating the oral bioavailability of inorganics in soil for use in
human health risk assessment[J]. Environmental Science & Technology, 1999, 33(21): 3697-3705.

[30] GRISCOM S B, FISHER N S, LUOMA S N. Kinetic modeling of Ag, Cd and Co bioaccumulation in the clam Macoma
balthica: Quantifying dietary and dissolved sources[J]. Marine Ecology Progress Series, 2002, 240: 127-141.

[31] LUOMA S N, JOHNS C, FISHER N S, et al. Determination of selenium bioavailability to a benthic particulate and solute
pathways[J]. Environmental Science & Technology, 1992, 26(3): 485-491.

[32] GAGNON C, FISHER N S. The bioavailability of sediment-bound Cd, Co, and Ag to the mussel Mytilus edulis[J]. Canadian
Journal of Fisheries and Aquatic Sciences, 1997, 54(1): 147-156.

[33] WANG W X, FISHER N S. Modeling the influence of body size on trace element accumulation in the mussel Mytilus
edulis[J]. Marine Ecology Progress Series, 1997, 161: 103-115.

[34] GRISCOM S B, FISHER N S, LUOMA S N. Geochemical influences on assimilation of sediment-bound metals in clams and
mussels[J]. Environmental Science & Technology, 2000, 34(1): 91-99.

[35] FAN W, WANG W X. Sediment geochemical controls on Cd, Cr, and Zn assmilation by the clam Ruditapes philippinarum[J].
Environmental Toxicology Chemistry, 2001, 20(10): 2309-2317.

[36] RUBY M V, DAVIS A, SCHOOF R, et al. Estimation of lead and arsenic bioavailability using a physiologically based
extraction test[J]. Environmental Science & Technology, 1996, 30(2): 422-430.

[37] RAURET G, LOPEZ-SANCHEZ J F, SAHUQUILLO A, et al. Application of a modified BCR sequential extraction (three-
step) procedure for the determination of extractable trace metal contents in a sewage sludge amended soil reference material
(CRM 483), complemented by a threeyear stability study of acetic acid and EDTA extractable metal content[J]. Journal of
Environmental Monitoring, 2000, 2(3): 228-233.

(38] #ii, HREE, Tk, 45, LHEPH G R AV LE YA AL Tk MOHEE I R 2R )], SRS 0 5 B, 2017, 39(2): 217-
223.

[39] BRADHAM K D, SCHECKEL K G, NELSON C M, et al. Relative bioavailability and bioaccessibility and speciation of
arsenic in contaminated soils[J]. Environmental Health Perspectives, 2011, 119(11): 1629-1634.

[40] REES M, SANSOM L, ROFE A, et al. Principles and application of an in vivo swine assay for the determination of arsenic
bioavailability in contaminated matrices[J]. Environmental Geochemistry and Health, 2009, 31: 167-177.

[41] PATTERSON J K, LEI X G, MILLER D D. The pig as an experimental model for elucidating the mechanisms governing
dietary influence on mineral absorption[J]. Experimental Biology and Medicine, 2008, 233(6): 651-664.

[42] MOCHIZUKI S, MAKITA T. Differences in intestinal length between specific-pathogen-free (SPF) and conventional


http://dx.doi.org/10.1016/j.chemosphere.2007.05.018
http://dx.doi.org/10.3354/meps240127
http://dx.doi.org/10.1139/f96-256
http://dx.doi.org/10.1139/f96-256
http://dx.doi.org/10.3354/meps161103
http://dx.doi.org/10.1002/etc.v20:10
http://dx.doi.org/10.1039/b001496f
http://dx.doi.org/10.1039/b001496f
http://dx.doi.org/10.1289/ehp.1003352
http://dx.doi.org/10.1007/s10653-008-9237-y
http://dx.doi.org/10.3181/0709-MR-262
http://dx.doi.org/10.1016/j.chemosphere.2007.05.018
http://dx.doi.org/10.3354/meps240127
http://dx.doi.org/10.1139/f96-256
http://dx.doi.org/10.1139/f96-256
http://dx.doi.org/10.3354/meps161103
http://dx.doi.org/10.1002/etc.v20:10
http://dx.doi.org/10.1039/b001496f
http://dx.doi.org/10.1039/b001496f
http://dx.doi.org/10.1289/ehp.1003352
http://dx.doi.org/10.1007/s10653-008-9237-y
http://dx.doi.org/10.3181/0709-MR-262

% 8 4 JESCEAF IO G AR A AR AN A R R RO T 1787

swine[J]. Journal of Veterinary Medical Science, 1998, 60(5): 545-548.

[43] MARSCHNER B, WELGE P, HACK A, et al. Comparison of soil Pb in vitro bioaccessibility and in vivo bioavailability with
Pb pools from a sequential soil extraction[J]. Environmental Science & Technology, 2006, 40(8): 2812-2818.

[44] GAGNON C, FISHER N S. Bioavailability of sediment-bound methyl and inorganic mercury to a marine bivalve[J].
Environmental Science & Technology, 1997, 31(4): 993-998.

[45] AMIRBAHMAN A, MASSEY D I, LOTUFO G, et al. Assessment of mercury bioavailability to benthic macroinvertebrates
using diffusive gradients in thin films (DGT)[J]. Environmental Science-Processes & Impacts, 2013, 15(11): 2104-2114.

[46] LEE B G, GRISCOM S B, LEE J S, et al. Influences of dietary uptake and reactive sulfides on metal bioavailability from
aquatic sediments[J]. Science, 2000, 287(5451): 282-284.

[47] KELLEY M E, BRAUNING S E, SCHOOF R A, et al. Assessing Oral Bioavailability of Metals in Soil[M]. Columbus, OH:
Battelle Press, 2002.

[48] DEVESA-REY R, PARADELO R, DIAZ-FIERROS F, et al. Fractionation and bioavailability of arsenic in the bed sediments
of the Anllons River (NW Spain)[J]. Water, Air and Soil Pollution, 2008, 195(1/2/3/4): 189-199.

[49] UNDA-CALVO J, MARTINEZ-SANTOS M, RUIZ-ROMERA E. Chemical and physiological metal bioaccessibility
assessment in surface bottom sediments from the Deba River urban catchment: Harmonization of PBET, TCLP and BCR
sequential extraction methods[J]. Ecotoxicology and Environmental Safety, 2017, 138: 260-270.

[50] LIS W, L1J, LI H B, et al. Arsenic bioaccessibility in contaminated soils: Coupling in vitro assays with sequential and HNO,
extraction[J]. Journal of Hazardous Materials, 2015, 295: 145-152.
