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BE: ITHRTEPHNEYTAY S HBAERZBINEEXRZUIARTEEALBANRE , RERE — i X
B 1S A THERER FIH i viro FEHIRTXELBERFNEYTAERENAGCHERIE, SR2H, F240 885
PHNEREIRE L EREREREN SR E, S ML ERESPHANTESS G E; L BTN BRRERERE
YT AT RRR, BN BRANERA TR N 52~3088 mg-kg ' Al 59 ~3485 mg kg, FIE 43 5 K 748 mg ke F0
820 mg-kg” ; M4BT AP BI N 183% ~66.6% 1 213% ~774% ,FEHIE>FI0 442% F 51.1% . B BEEANEY T L
HE+EAYEM pHEREEHX MEKMEEERAMX, SHREBELYEBREREE /MNERBEAMNEY TAYE 5+ 5
EHEMpHEBEFMA, 5B PRANEEMYSEERE MM, WLERENAKN, TEFEALEFANILEY
TDI(tolerable daily intake) X EK R HF VL& PN 2.51% #b, A 12 N HIBWHESET 1.00% , BAEH 0.11% o 401 LA/ B B o 1 b7,
EEEALEPHETILESN TDI AR EGH L ERMBILENN L ESI SR 283% M 201% , 5F AT EERET
100%, TR, FAARFAEH LR, ELOBLEEALBEFREOH AGFRABRIHONE,
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Abstract; Fifteen soil samples were collected from typical sites in China to study the bioaccessibility of soil
copper (Cu) based on the PBET (physiologically based extraction test) method. The relationship between the
soil properties and the bioaccessibility as well as the health risk assessment of the oral ingestion soil was also
investigated. The results showed that comparing with Chinese environmental quality standard for soils, the
concentrations of Cu in two soil samples were higher than the third standard ( <400 mg-kg™) and the concen-
trations in eight soil samples exceeded the secondary standard (<50 mg-kg”, pH <6.5; <100 mg-kg”, 6.5 <
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pH <75; <100 mg-kg”, pH >7.5). The high variability of dissolved and bioaccessible Cu of soils were ob-
served. The concentrations of bioaccessible Cu ranged from 52-308.8 mg-kg™ with a mean of 74.8 mg-kg™ in
the gastric phase and 59-348.5 mg-kg™ with a mean of 82.0 mg-kg” in the small intestinal phase. The Cu bio-
accessibility ranged from 183%-66.6% with a mean of 44.2% in the gastric phase and 21.3%-77.4% with a
mean of 51.1% in the small intestinal phase. The significant positive correlations between the Cu bioaccessibil-
ity with soil pH, organic matter were observed in the gastrointestinal phase. The negative correlations with
clay in the gastric phase and with the concentrations of Cu and Mn-oxide in the small intestinal phase were
observed. For children, the highest contribution of the oral ingestion soil Cu to the tolerable daily intake (TDI)
that estimated by WHO was 2.51% in the gastric phase and 2.83% in the small intestinal phase, but the con-
tribution rate of 12 soil samples was lower than 1.00% in the gastrointestinal phase. The health risk from the

oral ingestion of soil Cu was low in most of collected soil samples.

Keywords: soil; copper; bioaccessibility; oral ingestion; health risk

RAERAKRFEHNLF TR, —BBRZSERA
KEBIREHRER, MOBEHTREEALERE,
B RMELSHEER", TE5085F, KL
TRIE R Cu B KHER 9.139 x 10°t7, A K¥F &
HFALE HAFEIENRT ARBRENFTS,
hEEASREFEARTEY, tHEFERLE
HAANERZREERYE TEOREA PR
EHEME HPh S YERRR T HERTLEHRA
AMEHFERBRY MABEOFBEANAG L+ 2
SEAEFEHNRMILEAALBHABARNTERE R
RHE  EZERANFTERRE, B, TFEAM, 5
EILEBELIXEOREALEFHMEXHEHEA
BNTREAFAEENREEN., BT, EAKRE
ERR TN  HAREFTEEIHYERGn vivo,
W 4 Y07 B )R SMSE 5 (in vitro , WU RE AW T
BTG, B EREEERAS KEMA
PR I EERE AR, HYTS,in
vitro TEEREFT L AR ERBIEREN
AMZAEANFREN ZXES, I vio 5L
BERRBHN R EPHENEY W 4B H(bioaccessi-
bility), B + 3P A BEEHFAANEHHALRGIF AT
UBAEE HEBREELSY, X2 AKX L8
AR R KR, BT, BN L HEEY AT
AUENHREEEFTEYTARENTE ZWE
ERHEAEAGBREARENSFE, BRET
THPRAEYFITAETHIARELD  FHRHRZ
TEALE YT ANES L EBAMRZ EAHHELIXR
UREEFA LR AGRERRENRENRE

AP RERE — L X755 A 13, F H
in vitro AR P HE LY TG, i — 2

ARGH LR A B 4 A ) T AR, 3 4
A, IR Y AT A 4 R T R R R
TEORBARNNEPRRASBNTRE, 5
FEEE SRR XI5 Y b G A A Y T 48 4 BT AR
RN R 2 —E R ENEM, B R Eb 8
e PR A AR HE A AR LR 2R

1 ##l5F % (Materials and methods)
11+ %

WREAN 1541, 2 RERERFA#BX
BAREMS X, T EERRXERXNT,H 20 B.60
HX 100 B, 2GR ELEHE, 20 B.100
B+ AT e R oW, o 60 B+
BATHEFESBSEBNDHN in vitro £R,

12 B HR

3% pH E RAKEE, LW LR 125,pH it
(METTLER TOLEDO SG,CH)#&"; + A YL R
PRSP SN n# k™ hr BE SR I BB B U 8
(Mastersizer 2000, Malvern , UK); 1 B 6 & TE &k 45 45
SHYRAER-EREERE" L HLBREER
FAEK.HCO BB HERGFRFEANZTAN
bR o - B 5 (GSS-5  E LR AR B S BT R R L),
RALELVEBE S BPHEREMEE, 3
FEBMELNUEBBEERTHEBRNNENSIH
ICP-OES(OPTIMA 5300DV, Perkin-Elmer Co ,USA),
13 in vitro L%

AHFEFERE in viro LR 5 FE R Ruby
&R ) PBET 7%, 33 % Rodriguez £ 1
B IVG FE#IT T H#., Eh 2 M EEHHERYA
LR BB F/NG B, Rk BRIEL BRI .
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R IARIKZR.BEABS, FAKRERE pH
HE 1.5), K81l B W (mL) & i 60 B i iy L3k
fha(g)h 100:1 MHBIIBS FRM AN, SR 1492
M, EFIICERBHMUPLUEMAKRE,
BA 100 remin” $% % , M6 #AES 1 L-min" L E
R REFRE, | h JFRES mL KA, 045 um
VBB 4CRERFN,

QYN i Bt Fi NaHCO, ¥y 0 R B ¥ pH T ZE 7.
0, /M AJEEG JHEE, Sk &2 B T 37°CEBE B, L
100 r-min " $#E% ,EA 1 L-min" EX. HE,ERE 15
min Z 4 & MW pH {8, &R & 7.0, W A ¥k HCL
1 NaHCO, i FI R VA 7 (4R /£ 70 £0.1, 4 h
FHIRE 5 mL 2R, i 045 pwm JBAE ,4°C IR,
14 SHRIE

WY PT 451

7 BB B/ NGB B A e e T B TR E

BA (%) = (¢ x VY(M xT)x100%

AF,BA N+ EEBETENEYILHE%);
¢ Min vitro LR E N BE/MNGEN B RN P EBH
ABEETEme L")V 45 R BLESH 5N R
LT HLHELBTEN AR @meg kg M N
/PR IEA R & (kg)o

Q)0 EBFA LA X A B4 B SRR

WHO B8 H 5% A & (tolerabledaily

intake, TDI) 0.16mg - (kg - d)"' ", JLEMBA KL
BOWMBATEERE 200mg HE LEEKERT
EBLEFNRIILEAEZTREREF2~6 %
JLE - E (15.4kg), A (B F)s6kg iHE" 81 %
R OWHFEA X ARG B TDI TR (%) = (Bl
BRI THERSEExBALHEERYHEE x
TDI {&) x 100%

15 BB FE

K FH SPSSISIBM)AI Excel 2010 X B AT 417 o

2 R 54 # (Results and analysis)
21 HERE B IR R

FREM RN EARMIHERN L HPHOS
BEAEBAMELBEE(GR 1), pHEBEE N 3.34 ~
766, 0FET 4 FHIRBR M + 8 (pH <5.0),4 FEEME L+
B (H 50~65),5 FA ¥ - (PH 6.5 ~7.5),2 Fig
M+ EHTS ~85)", AHESETLEN 090% ~
5.00% , KIS HIEEAR T 4.00% ; Kk & B V5Bl K
04% ~348% ., & . H BELYHEESHIH0S ~
672 g-kg",0.03 ~9.83 g-kg",0.55 ~21.40 g-kg",
& BN 264 ~650.] mg-kg” ,IBERE T BR
3 IR B AR (GB 156182-1995)°" , 4 2 4~ L3R G
HERERE=%#E A8 M T ERLIHNESE
B A,

®1 ITHRMBEXEHER

.Table 1 Basic characteristics of the soils
EEBELEXTERELE X EhE
w"E R R KE HHLFE/% MEE HiBL/% B B . g -ke™)
. Ng-kg™) Ng-kg™) /g kg™)
Number Site Type OM/% pH Clay/% . Cu/(g-kg™)
Feox/(g-kg™) Mnox/(g-kg™) Alox/(g-kg™")
73 ¥R
1 e 340 740 10 45 043 097 80.1
Hunan Zhuzhou Mining
iR 3 T
2 3.70 720 1.7 41 038 084 802
Hunan Zhuzhou Mining
W R X
3 3.60 530 24 6.5 070 1.13 128.5
Hunan Chenzhou Mining
A HRM X
4 250 7.60 193 114 443 149 260.8
Hunan Chenzhou Mining
HEM X
5 i 2.0 6.10 4.6 39 0.80 120 36.1
Hunan Chenzhou Mining
HmER T
6 320 470 44 79 0.10 091 947
Hunan Hengyang Mining
Mg FX
7 5.00 720 348 60 023 0.86 264
Hunan Qiyang  Mining
P B i AR i TR
8 172 741 08 1.9 0.54 091 3909

NeimengguChifeng Mining
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gx1

UTKE X
Liaoning Dalian

g K H
10 229 737
Zhejiang Shangyu Fammland

WA M R H
11 429 492
Zhejiang Taizhou Farmland

HLE M &®H
12 483 7.66
Zhejiang Fuyang Farmland

YR & H
13 2.81 334
Guangxi Pingguo Farmland

Mining

“HEWY = H
14 293 524
Yunnan Kunming Farmland

TR KH
15 4.87 633
Yunnan Chuxiong Farmland

04 282 003 361 2264
1.7 52 032 055 346
189 53 0.07 1.02 650.1
194 26 0.12 1.02 4958
511 9.83 9.67 703
321 672 732 21.40 47.1
13 263 4.00 530 283

22 HEFHRANBREREAYIANE

TR ENERSEEREEYTAETAM
K, BN ERFNBEESSTENS52~3088 mg kg, F
WMER 753 mg ke WM EYTAMERN 18.3% ~
66.6% ,FIEN 453% ; NI BRFHNERE S E
#59~3485 mg kg, F-H{H 82.5 mg kg, M4
YR BN 213% ~774% , FHEN 52.1% (T 2).

F2 THMPENRBEREVTEE(n=2)
Table 2 Dissolved copper and bioaccessibility of
soil copper (n =2)

EHHE /N B B
&wne Gastric phase Small intestine phase
Number Be/fAv/ g kg™ ) EMFT QL% BEAS/ (g -ke™) YT 41/%
GQu/mg-kg’) GBA/%  LCu/(gkg’)  IFBA/%
1 534 £22 66.6 60718 758
2 521 +49 649 57735 719
3 58508 455 65513 510
4 946 £6.7 363 972 +22 373
5 128 1.7 354 13.1£04 363
6 53.5+60 56.5 63.1 1.1 66.7
7 142 +£12 536 20501 774
8 1241234 317 125916 322
9 427x15 18.8 51003 225
10 192 £0.1 555 184x1.1 532
11 2450102 377 2478 £16.5 38.1
12 3088 +6.6 623 348564 703
13 25809 36.7 29123 413
14 86 0.1 183 208 +64 4.1
15 170+05 60.1 18.1 £02 63.8
FHE
753 453 825 521
Mean

23 BSHEEBXESWT

x-S EA AR L RPRAOER
SEEMRANEDTAEIHITT pearson XS
WO EEEEXRENE3, TR, B EHBEFEHE
WERSKES LR EFNIBRERBEMLE,
BEMBRANEYTTAES L3 pH . AVR KB E
Y E BEMEYE, Wi/NG B B4 B & Y w4
ETHENRERBEMRXE, R, HEES
MEABAEFMANEDTAESRT T ELES
BIHGH, ER K

G-BA =-14.759 +10.6450M -0.754Clay + 5.258pH
(# =081)

I-BA =3.180 + 10.6910M-0.040T-Cu + 3.885pH-
2.099Mno (¥ =0.80)

mMEEAFRATTUEN EEHNE, AW A%
EXMAEVNEMpH EBEEHX, MSHEER
ERMXENEN B, AW AHES LA VLR
pHEBEEMX, 5+BIEANEEAYIEE
BERHERX,
24 K Fm

MALEFENERSKRE AETREEAR
THE AGMEER WHO B2IHKEH AFH
ABBTHESN, BEAKTEN L EFFERY
WX AKH TDI K FTIRE R 4)o WE4HTR, 0
IEB B R A, CEBA L ESRHRAN JLEL TDI
HERRBRWILE RN 2.51% 4, R EHE T 2.00%,
FLRANATEELBET100%,B1EH 0.11% . EE
BA TP A B TDI 57 8k SR #7 1L B FH A
i & M By 15 51 80.69% F1 051% 4h , HE K+
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Table 3 Correlations matrix for the factors
o SUE RWE R XER Kk XEE g BYE ANk B4EY SBEEY
om oM oH Clay s EhE A4S - BH  WEE WAH THAHE
Feox Mnox Alox G-Cu I-Cu G-BA I-BA
£HHE OM 1.000 0249 0.406 0.117  -0.110 -0.111 0083 0310 0327 06117 0719
MW pH 1.000 0092 0577 0369  -0403  0.040 0.202 0202 0537 0474
¥5 %7 Clay 1.000 0365 0415 0.447 0.148 0.187 0207 0224 0121
T & B ALEE Feox 1000  0850™ 0948  -0300 -0370 0347 -0549° 0300
T EFEE A Mnox 1000 07757  -0283  -0310 0302 0374  -0241
LEHEAES Alox 1000 0264 0303 0276 -0522°  -0220
B T-Cu 1000 0922°° 0897  -0.165 0301
BERBAH GCu 1.000 0997  0.123 0.003
MNA BB I-Cu 1.000 0.136 0.037
BELEYT4H GBA 1000 0888
NG YT A 1-BA 1.000

PE: " IRIRAI M <001); * : BRAHKME(p <0.05).

BEAMET030% ., /NG H B XA K, TR
BALZEPHEILERN TDI KRBT EHEM
WL & M B 3 4 51 2.83% 1 201% , BAH 11 4
TEHERE T 1.00% . W FHRA,BRHLEHLE
$70.78% .8 6 N HIEAERMETF 010% .

Fa IENHEAETGHRBRTEEAN
FAMNFESALFEABRNRHKE/ %
Table 4 Contribution of children and aduits up
take from soils to TDI/%

Boa Ne B B
= Gastric phase Small intestine phase

Number JLE BA JLE BA
Child Adult Child Adult

1 043 0.12 049 0.14

2 042 0.12 047 0.13

3 047 0.13 053 0.15
4 0.77 021 079 022

5 0.10 0.03 0.11 0.03

6 043 0.12 051 0.14

7 0.11 003 0.17 0.05

8 101 028 1.02 028

9 035 0.10 041 0.11
10 0.16 0.04 0.15 0.04
11 199 0.55 201 0.55
12 251 0.69 283 0.78
13 021 0.06 024 0.06
14 0.07 0.02 0.17 0.05
15 0.14 0.04 0.15 0.04

i
0.61 0.17 0.67 0.18
Mean

Note: ™" : pole strong correlation(p <0.01); * : strong correlation(p <0.05).

3 1}it ( Discussion)
31 TEPHNBBRSSERRAYTA M

AR FEPRAEY AT AR ZRBR, ALK
FOETEENMBRMEY T AN 183% ~66.6% ,7F
NG ERRIEY T AR 213% ~T774% ,/DE B B
WHEYTAHRR, XE5WARRTER -,
Boisa % "B 5% 128 A + HEAE B R R B0 W T A
R, BHPENEYTAREFIN 10% ~35% K&
14% ~46% . Okorie %™ %t 1 17 1K < b 4 9 £ W 7
GHENMARA, EPHNEDTEHEN 0.5% ~
65.6% ,/NAFFEY AT AM N 16% ~741% . T
MNTEYT, BHPHENEYITAEST N 9% ~
79% K 27% ~66% ™, + PRSP TLEELER
ZEMHRENEW, KP -5 pH X L EPHOE
BEMEYEJEL WA, BT+ pH %8 —
HEERARTRESLEPROEYTHHENX
Fo Luo FHEEH, + RPAEENERNEY
RS tE pH 28 EFMEM, LR F,EBH
BPHNEY T AES T EpH FEEHEH, MW
NEBTESRHERAEY T A S + 5 pH LM M,
Schwertfeger £ ™' B X X, Cu’ M AL & E SR
T EEVE, TESER/ NG ERE P Cu® &
& ;Poggio Z L & L, £ A HL B FKE B4R
ARBRAEMER. 2LRFEHHBFHENEY
ARSI EAVRE B EMENE, S LMX
H, REFRKA, LBEFERESESEHHBRH
WEATASSEARBHHEEE, ME5HNEY
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AAHTHBRAXEU" X EALRHHARER
—K ., HEPRRMEELY XA RRG BT
A, —SLHLER, B i &R S, T AR {2 3 - Xt
R, AxBd  ERBEANEY T A
S&EahwE BEMXE, EREEMHT,Cu®”
KEBH MAESBAGET AEERHMTEIR,
HREGEY A" 25 Q" FEESRRH, F
Bt,CO5 Cu’ WIEAH T Ca’ \Pb* %, X T fE
REBHANIHBENEYTEAER TEHERNE
H, ZLBREH, T EPHEOAYTLAERZLH
ZrEmERILFRERS,
32 EEFEATEAHRIT AR 2R RE
OREEFEANLBELS R AMEHERERR
FHBMEBRENRE, EYTAHER IR LE
hEEBM ARERENBENEEF EZ—, HAR
ABREHMABFOBFATRPESENALFNE
FEEUFEARE), B, RKZBHAREALER
ATEFHESRS A AGEAFBARNRGERNE
AR B#HITHE ., FPAPHR A, 2~6 ¥ JLESE
AXEOREALEE R 100 mg, i Ljung &8
RTILEFEARF L % E (200 mg.400 mg F1 10 g)
B.FXILES B RAFEARNTIRE, #5105
BRoE 5 e + %t B B L2 A2 R KR TR i ik E
H+ 8 A &5 200 mg, Boisa &P % H, L+
Hxf TDI i TR RAAE, W IILERBEEE KRR
%, Okorie ZF™'BF55 T KA M EW W H 4, 3
Li4g B WEEHE A 100 mg +3BiFH EEFEA LHE
ILEHMEERNR,ZRBREX TDI HiTME &K
BHEBT 500%. HTFILESHY LENBEARR
ZMEHNER, EHRIXANLEFARRR,
SHLERERBA, AHAMRAMILEGHEREA
i 3 8 % 200 mg, B F AR B NG B P
WBBEMTAIUEL BRTHIEMMERNL
EPHANSERE NTEESENBEAMILEHK
BEAAFBAERENTARELSI HELEART
St TDI I TR R X T 1.00% , EEHF L +JET
010% ., REAFRHFREF XN L EERAFANLR
BAT 3909 mg kg Bl FHAYATAEER, &K
HWABHNESAEFEARNTRERMK. XX
B, FARFEPREHLE  ELOHLEREAN
THRPHAMARFBREREHNE. RAFASER
B, BABEEENEYTAEN T, A SX Ak
FEE 7= A AR K XU

SR, (OFREN IS5 M EEER,F 2101
BELPHOTESIRE L BEAERERENS
ZArE, A8 ML EHAPRANTESSIRE LB
B EREN —SKinE, T EPHNBERESRK
YT EMENETAEERK, HEEBR AN
ERMSSREESSBADEMEY, EHBHEK
EYTAHS L EEVER pH EBFEMX, M
EXREERERHX, 5SEBELYE BEMEXH;
Mo BEFENEY T AES HIBENEAN pHES
EEMEX, 51BPEANEEAYEERREER
X, QWILEHKLEILEHL TDI REkE
BE,EEM/NGH B HHR 251% f12.83% ,6F 12
LB ILEH W TDI R BAE T H M BEHBET
100% . MFAHRPAEH IR, BLIOFXLE
BATEPHFHIIAERFBEREHRE,

BIREER T £ 2.00972—), 5.8+, 8, 2 82575 F
FAELETERINRALNIARBERAE, LA F AL
60 &%,
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