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Abstract: Polycyclic aromatic hydrocarbons (PAHs) are a class of persistent organic pollutants, which readily accumulate in the
soil with significant toxicity. However, PAHs could be strongly adsorbed by the solid phase of soil, the exposure based on the
total pollution mass will lead to the overestimation of human health risks. Based on 123 papers published from 2000 to 2020, this
study summarized the distribution and composition characteristics of soil concentrations of 16 priority-controlled PAHs (X,,PAHs)
in China, introduced 11 commonly used testing methods and main influencing factors for modelling bioaccessibilities, and
summarized the ranges of bioaccessibility coefficients of PAHs. The results showed that the maximum and average concentrations
of £,sPAHs in soil were 23 250 and 1 314.7 pug-kg ™' respectively. In recent years, mainly based on the physiologically-based
extraction tests (PBET), the bioaccessibility test methods of PAHs are continuously improved and modified in enriched simulation
of digestion processes and adsorbents, while the digestion conditions and soil properties etc. have a great impact on the
bioaccessibility results. The average bioaccessibilities of 16 PAHs ranged from 13.2% to 72.4%, among which higher values were

identified for chrysene and benzo (b) fluoranthene, contributing significantly to the total X,,PAHs exposure. This study therefore

provided an important theoretical ground for undertaking detailed risk assessment of PAHs.

Key words: Soil; PAHs; Bioavailability; Bioaccessibility; In vitro gastrointestinal test; Detailed risk assessment
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Table 1 Geographical distribution of surved literature for PAHs pollution in China’s surface soils

Ho X B YATBUX K SCRR L SCHk B No. of
Region Counting of provincial-level administrative regions and literature Total literature ~ sampling
locations
[E]4 B (1), Bl (1), il (1), TH (2), B (4) 9 16
Northwest
ARt BIRYE (2), FHHKk (2), L7 (7) 11 21
Northeast
#edt Jent (6), WvE (10), R (3), #dL (1), WEdl (1) 21 24
North
HeT JUAR (14), R (1), FHs (2). )77 (3) 19 76
South
R YEVE (2). VLR (10). g (7). @V (9). fRa (5). &8 (5). 1Ak (3) 40 52
East
[ii] K (2), 59 (3). =@ (3). S (3). PEE (5). Pl (3) 19 29
Southwest
e WAL (3). WEg (3). Wirg (2) 8 11
Central
&t 123 229

e S R AR SR T N b X SCRR BB — e SCERTT RE L 2149 - Note: The data in brackets represents the total number of

documents in the corresponding region; A document may contain multiple provinces.
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(81.63% ) >BbF (76.09% ) >IcdP ( 75.03% ) > S i 5 S &P, Chr 1 BbF £E 3 rh i e
BaP ( 74.43% ) >BKF ( 69.44% ) >DahA ( 67.21% ), NG H SR A B s

http://pedologica.issas.ac.cn



4 34

WRESIAE : vh L 22 30050 9805 YeRe e S [ N A= W mT 25 VeI 5 ot

899

2000

1800 -

—~

1600

—_ —_— [

[ [ P

(= (= (=

(<] (<] (<]
T

Y PAHsH &
Concentrations of ) ,;)PAHs/(ng kg~
D o]
(= (=3
(=] (=]
T T

S

=

S
T

[

(=

(=]
T

[LEl4 ela

& 2

#edt
Northwest Northeast North

T S T
South East Southwest Central
HBIX Reigon

AFHIX + 3 Y PAHS #

Fig.2 X ,PAHs Concentrations of soils in different regions

71— 3 [a,h]#Dibenzo(a,h)anthracene

BR #5FF k|7 B Benzo(k)fluoranthene

XN #iF[1.2.3-c.d] éIndeno(1,2.3-cd)pyrene B3 % 3: [b] 7% i Benzo(b) fluoranthene

3 [a]tEBenzo(a)pyrene &= JiiChrysene
50 — [ 7= 3F[a] E(Benzo(a)anthracene
S
o] L
Z 40
2
SN
fangit=!
2% 30
Ay
132
23
I g
$35 20k
S
<3
& g i
W g
§ 10 - b
& I
R R RR R |BRARFE| (A A
[l pild Adb M R [ 4erh
Northwest Northeast ~ North South East  Southwest Central
Hi X Reigon

K 3

ARHL X + 3 cPAHs &1 5 Y | PAHs F 43 L

Fig. 3 Percentages of carcinogenic cPAHs in X ;sPAHs from soils in different regions

1.2 i PAHs TEEEER

PAHs X} AAR BB E TG SOHA
B kA foh 4 WAEN . EAHIETORY) s WA
K2 TFREEESIERULTZ N ENES.

A SCR A TR B F0F & 0975 G 37 At e 5 A 5
U PEAG #F (HERA™ ), MRS E 5T M BRI S 2L
#7148 PAHs 7E AR 2 8 &7 T 0otk %
(PPC, Exposure Pathway Contribution ) ( 2 3 ),
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R3 16 MILE PAHs AR RBRE T HBUER /B FE R STIER
Table 3 Contribution rates to carcinogenic risks/ hazard quotients of 16 priority-controlled PAHs under different exposure pathways

AR ZE A N X BB (AEBUEEER ) B TTEkR

e Contribution rates to carcinogenic risks ( hazard quotients ) under different exposure pathways ( % )
ame PPC,™ PPC,*" PPC,” PPC, PPC PPC,™ PPC,"
B (20.42) (7.56) 1.62 (1.17)  0.34 (0.24) 2493 (17.95) 8.15(587) 64.96 (46.79)
Naphthalene
TER (70.62) (29.38) — — — — —
Acenaphthylene
J& (72.98) (27.02) — — — — —
Acenaphthene
Vi) (72.98) (27.02) — — — — —
Fluorene
Eid (70.62) (29.38) — — — — —
Phenanthrene
i} (72.98) (27.02) — — — — —
Anthracene
P9l (72.98) (27.02) — — — — —
Fluoranthene
[ (72.98) (27.02) — — — — —
Pyrene
# I [a] B 69.74 29.00 0.75 0.16 0.34 — —
Benzo (a) anthracene
Tt 62.74 26.08 6.76 1.41 2.97 0.03 0.01
Chrysene
HIF[b]FEE 69.88 29.05 0.75 0.16 0.16 — —
Benzo (b) fluoranthene
ESIHINEI) 69.87 29.05 0.75 0.16 0.16 — —
Benzo (k) fluoranthene
I [l 69.87 (72.98) 29.05 (27.02) 0.75 0.16 0.16 — -
Benzo (a) pyrene
T If[a, h]E 69.93 29.07 0.75 0.16 0.09 — —
Dibenzo( a, h )anthracene
#7f(g, h, i]dE (70.62) (29.38) — — — — —
Benzo (g, h, i) perylene
EiFH(1, 2, 3, dEE 69.93 29.07 0.75 0.16 0.09 — —

Indeno( 1, 2, 3-c, d )pyrene

[E: PPC™®, LA LI, PPC, Rkl L4, PPCP, WA N LHERY); PPC.?, WA EI LIRS ; PPCI,
W A2 B HEEANEA; PPC™, IRA TR HERINES; PPCY, AR HEENZES; B9 NEERTTECR; -, Syt
R BT T BUE G AEBUR G ERT Tk . Note: PPC™, oral intake of soil; PPC.*", skin contact with soil; PPC,®, inhale indoor
soil particles; PPC,’", inhale outdoor soil particles; PPC,""°', inhale outdoor steam of surface soil; PPC;*"°, inhale the outdoor steam of
the lower soil; PPC,", inhale indoor vapor in the lower soil; the contribution rate of hazard quotient in brackets; -, No contribution of

carcinogenic risk/non-carcinogenic hazard quotient under the corresponding exposure pathway of pollutants.

http://pedologica.issas.ac.cn



4 34

WRESIAE : vh L 22 30050 9805 YeRe e S [ N A= W mT 25 VeI 5 ot 901

M 3 nIH, FEERMEEMZEURA T Z 1
BN FERFEERE, 8o XS E R i 5t
Tk 253510 64.96%F1 46.79% ., Hoflh PAHS j@ i 25 [
P HER R A0 S B0 KU 57 T R 1Y DUk R
LR 62.71%~72.98%, B P H2 fil 8 428 5 ik R Ik
Z,H 27.02%~29.38%, HA B FEim 2 0] 5 (51
BRI 6.76% ), ULIAZ M4 LR A PAHS
M EFRERGE, 5EACIRESS R —0 T,
HTF A RBFEER, PAHs SF AR AE ] 450 5
AL TE B WA ORI B R 45, T8 1 B A 4
O B A, SOAR SC BT 3 PAHs
7 B B BB T 7

2 HEMIAEE (ATgaTE ) BRSEUERE

21 E£HAERME (AIEH) EX

T AE WA RE W S sE SR 2, R AEYA
BOPE B ORIl AR R U L — . RIEBR A
YA BT S by ), 56 RS ) 2 51 4%
( US National Research Council, USNRC ) HFc#i
TR YA R AR AR DAL R SR AU A
WA BRI, SRR TR 245
RN FEAAFELT 5 b (K 4): 555 EAHE

5 AR REE A 1T 4
Pollutants combined C
with solid phase ~
substances e
mig | o t@we  |73\D
release combine Lo
fimsE |

Free state pollutants

Vsl G SN E AR B rh R (A )s 53 n
mAYRERE (B); 456815 kY mAYIKER
(C); AW 5GP ry el (D); dl A= YRy
ERY S AR RN A S EE S (E). WA RE
FE4E D IR, MAEY A AN A-D IR, B
A PR TR R 3 FH 9 L

A= WA R SR s e e A AR e 28
8 b 0 AR AR R 5 A
MBI, AR A LaxHE AR RRTES TS
PPy AE ] Ao L B v BSORH [R] 75 G P 7E A W) 5 o v i) AR
YA BCPERR AR A= W0 200 o AR ] 25 P S
NS R T B S BRI ORI
R, PRI A 0 Rl 2 M B R 1) A A s o
22 EYREMNERTE

AT, T35 Qe 00 4= Yy o] 5 P VPAN O vk o3
MRS (1) Wi s ok, A4 R A ) §2
WO o AR | BB SRR R R I SR AR
WHARSE; (2) &W2irik, RMASMERCE (In
Vitro or Physiological Based Extraction Test ) $ 4]
PRSP S W T A AR, TR
JE AW RN S 95 (In Vivo or Animal
Test )o AT NS W2 A W T 25 PRIV 7 v 40 il 64 7

iAo

FERL AP a7/ N rI AN
YRR RY | ERaNi iy
Pollutants entering _E» The portion that

binds to the reaction
sites in the organism

organisms through
biofilms

K4 L3S Qe AL R s 1A

Fig.4 Schematic diagram of biological utilization processes of soil pollutants

220 YTk AR RBOA IS E
SRIAHLIAN ( Wb, ECkE ) Xf et T

FRICHRIR oy 700 45 B R 7 A A 02T R
BT 19 YW B i A REIE VAR U A 2 e il 1 M TS
P B XUBS: , I AR A AT 25 22 1l A e o 1 2 B
A AL R AT AR, il 2R R S K TR
VA TR S PR S5 R T R 2 PAHSs AR T 511
A DASRBC BRI O A 0 AR SR R OR | T
O BB B 2l SR AR AR A M A A i 5

ARFETT 1% B RE PR O LTS Gy 1) i 5t A4
B AR B AR 2 305 1 . 2R8I AR S AL
V5 L W A AT g o

1) A R4 0L

TEL R 7 A€ B ( Mild Solvent Extration, MSE )
SRR T ERE S oI AR P R B R S K TR A
(anTms . HEE, WEEK), RS, RIE0T
AW s e S R v MR IR 0I5 e R 2 L
B A= el 5 PR R Bk U ] 5 s sl s
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B 5 1 A A RO T A R AR e B
TA VLR 515 YA B R, 75— 2
FE EATh 2 Al TS e B i AU, ST B s an < POk
K7 B 2R S RIS A LTS R A T 4
. WIS ( Cyclodextrin, CD) f&—Fh (KR
B, B — AR AN EKBA — S5 1
SEARFPEAS I, X R ERAR S5 R AT LA HLTE G
PAHs 55JE Ut A B & 1) Reid S HO I FRIRS 17
HWIFE PN FE-B- A ( Hydroxypropyl-B-cyclodextrin,
HPCD ) /KIEW . TSR G R — A PR
[ BUE XA R 22 A [a] 75 9% 58 1) Phe 47
PEUL, S5 R, T EEA S W BB S Al T AR A
Yral g5k, R HPCD GBS 3147 i DA JE X A=
1) AP a] 2k

2) [EAH PR EGE

[ AH$EEUEE ( Solid Phase Extration, SPE) 278
et JHT W52 o 5] it e - 33 e figk W R A KRR B — 38 005
G AN AN R A= Py AR g A= 0T 2 o PR P R R
FREL A B K P A i A A 2 1 B MR 7] Tenax-TA FiI
XAD-2 S50 BB AE , Cui Z1% B Tenax6 /N
B 24 /NI 4R R AR RTAE S T4k J7 VA Sk Tl PAHS
) DR R i W 2 3 O A A% T A= ) RT 4 M
Cornelissen 254 R ] Tenax B 542 HL 6 FhITAY
(4 10 %l PAHs, 2550 & BLHEHL 6 h 1) PAHs (14 %8 2
PR IS 5319 0.5 4%, F Tenax-TA $2HL 6 h iy &E
Ll B 4 B 1 O 8 A M 3R s T L ) ) R B XL
RS o AR i B e K A S AE T B R I T K AR 25
Sy N BB oy B ok, W PAHs Sy A AL
WRAEE, HigteE G, &R TR IEFER R
)RR A AR A

3) BEERAEHR

B 8 R AR I ( Passive Sampler Methods ,
PSMs ) X B SCA 5 A A B, izl R it 4y 4
U SR HLA) 25 2ok 2B 1 RS DA 7K AH 30 A W A LA
153 Be VAt AR AL 5 T TS G B ) - S
PRI RN W B R AR R A M
B, R TR RO BHESE, HEro ek
IR 5 e 5] 402 5 PAHs WA 149 A= A8 2P E R K AR I ol
AP PAHSs 4 PR B 2 1) B UIAHDCP Y (H )2 PSM
HET AN H T PR A BRSBTS S i A= 4 vl
S5PE, HLFT R T A 0 BT T BRI MR 2
TS R R R T i — I R 583

4) I FHI AR UL

B SR AR ZE L ( Supercritical Fluid Extration,
SFE ) J2 | FH i (A 76 8 I SRS B 9% R . BE
NG R AR T IO T A XA ML e e 4
FR , ZER AT TAF5E 58T L0 7 R B0 fip i ok
B, IR AE Y AT g . BT R R I A AR B
J& CO,, CO, FE— & il £ = J1 T % PAHs MR E S
KAHIE, BRI E WG BOA AL, #fl 2l CO, 1k
Sy B I S AR 1 2 B AAR AT DA PR 0 3 e - g v
PAHs F9- PRt fige W 20 2 5 S0 He A g ) 4 20 oK
[T & B SFE $2HUH PCBs AT LA 36 Hub i fif
4143 A B x| AT R A ) AR A T 4 S 4y B
Librando %34 % B SFE 1] )\ £ 35 rh 42 5L 90% LA |
) PAHs, {HJ&, 1 T HIEEL B 0y B K S5 Bk ana Al
JoT 5 o R R e A R A5 A A IR R A B AR A ) B 4
FAFZ BRI, #RAE T MELL G — 72 SFE ¥ Mk
IR R EZ AR, SOLT #E— 2P 5 A
AN SFE $2BUAY S0
222 EWFEITH A= W2 T 0 E AR R 4
PESR 5 A A 31825 A — BEOR I N TS
P (e . HW . DB ) KRB g rhE gy
WENMRERSE (O 5. Ma. Kigds) 1
7 R PT B AR A ] A R i KRR R R A
BME, SYTE S I R ] i TR G, B
A=W RT 2 VI 5 D vE B A3 A I TR | 4 R B
USRI TR ARA A, B — B ST A )
ARAER T B, RSy By Al 2 5 AU A R
HEAT XURS PEAL S ELSEBR I AN o 280 28 4F R Jig
AN E R TT IR A T — RN A, E2AEE:
Az B R IO | AR T8 TR ) AR S A s A
W98 Be 55 . 16 PS4 PAHs AT 25PE & Jr
BLREETER 4,

1) A 3 7 ¥ 42 B ik ( Physiologically-Based
Extraction Test, PBET ), PBET ¥: i #] i Ruby %176
F& 0 F R A (9 A el 250, T AR
Jo 0 LR B . TE AR IUHIRETS , B W
1 pH — M 1.5, A& B E A& R AL, 5K
PUNGE R pH Wk rhYE, S &R RS AR R
HEERPEY . H . RIE S 5 YW SO ] —
M m A 1 h A4 h, HSCR SRR A R B R
W s Qe s HE I AR AE B 5. PBET AR
AT < & SE B B W S0 i S A AR A B
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WRESIAE : vh L 22 30050 9805 YeRe e S [ N A= W mT 25 VeI 5 ot

903

RN AL B TS5 e 358, 38 3P R 2 5
BUSU N, 43 M B T A B B4 R 3 s e ik
JE 5 PRI SN A /NI B, T 25 R
ST NG TR T TS G R B, ESOR RS
Yy i Z B AT 451 (% ). PBET 75E 8
MU A 52 PAHSs ZE 4 ] 5111, Tang 45194
KA PBET yA M2 b 5t M X % 2 13 PAHs 4
Yinl g5, 25 5L o B W B B AR P nT 45 M L 43 i)

7 3.90%~ 54.9%F1 9.20% ~ 60.5% ; 17 Fi #i 25 it
PBET 3£ E L 5T +-3% 16 FiL#% PAHs 44 nl 45
PE, B 5ETE B RN g By B A YT 25 A e 43 il
ik 18.03%7#11 47.67%; Khan Z£10 % ¥ + 3 rp 8 F
PAHs 1) 8 A=Y ml 451 53 5 20.0% ~ 46.0% il
27.0%~53.0%. 16W] +IE7E B W e e — 3
OyWRAE A5 YLy, PBET MLREASA & E PAHS
SOIEEy/ I N o

x4 EYFAH/ENESZE RIMNEBERLE

Table 4 Bioaccessibility determination method (In Vitro or Physiological Based Extraction Test)

- 1 J B H B AN B
Oral stage Stomach stage Small intestine stage EE PN
Determination
A5y A4y A5y References
method S/L S/L S/L
Component Component Component
PBET — AR WA °. 10 35~ JARSRIRR WA ©, R 1 50~ [1, 11, 62,
WA . L 1:250 R . LK. Tenax 1:250 65, 82, 94,
64, 102]
CE-PBET (5 — — ESLIIBCH WAT , 2F 1 2 100 JAAERIBCR WA . R 12 100 [67, 96]
[Nz RN ] PeamRhmdh . JER . e AR . KsPOs. KH,PO,
U ON Nz D) AN, RN, B MELLF | -ERBRRRE . JEk .
BERIE/ NS B Wl BERHEERY) |
W AREBE . BRI BEEE . RS ARHME . BT
FLRBE, TUREIR . %4 EORIEESIE 3/ NI\WNIR /O
By, RO K. RERCHE
VG — — BB WA, 1100 ARSI W BT . NaNs, 1150 [79, 92]
NaN;., BRACKE . fl RAIKET . C18
EOR(EE SR 3/ NN
ARBNE . VERY . WA
B BERHERY . &
. EIEERR . C18
RIVM HEB W 19~ EREBUEE LY. 1: 14~ AT W T, RE . 145 [81, 83, 86,
HIWEE *. 1:200 NaH,PO,. % ZiBHEE 1: 300 SN N N 103, 110]
X+ R M. IR . B
WL LR W VAN RN
FOREhST HESBIW 115 BEEEE WWE. 1:30 IR WAIBT . (JREE . 145 [74, 87, 88]
WL &) RS . AR Jig it )
L5 545 | WRZ . H SR A R
THeER Ok Wtk

o5 . ZEAENFIM
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gk
H BB H B Be N B
5 T 12
Oral stage Stomach stage Small intestine stage EZPUN
Determination
A4 204 204 References
method S/L S/L S/L
Component Component Component

SHIME — — BB WAIBT . 10 2~ NaHCO;. 4%, W 1:15~1:60 [71, 73, 88]
. WAPMEIERR . IR 10120 . BRI I FL R AT
ENIE =B 0 RGN B BT . WAERT
TR ORI BUPH AR TR FIAR B 5
FEAERAm . BIREN
ILERBEERY . BThAEk
LI RURE R
TPV | WLk
By, EA

DIN — — BB W, 10105 M B W W W . 1105 [90]
2RIk BAER MgCl,. KCl

t, VSYYITEE M P A B IR S/L, LIS SIHABIATRZ L (g/L) 5 a, KCI, KSCN, NaH,PO,, Na,SO,. NaCl,
NaHCO; %3k JRE . JRBR. o JCKEF. FH&EMA%; b, KCl. NaCl, HCI, NaH,PO,, TR . SERE. FMB. 28R, Sk, §
FEABE, MIEEN . BEMAS; ¢, NaCl, NaOH, NaHCO;, CaCl,, MgSO,. IIEEM . FhEM . B (FM) B, B &6 pH
MIHALE ] S EE LRI N, DR B, pH=4.5—6.8, t=4.8—5 min; KB, pH=1.5—3.5, t=1—3 h; /MNKrEt, pH=6.5—8.5,
t=2—6 h; ZEmrEs, pH=5.9-6.9, t, 8-18 h, Note: t, residence time of pollutants in digestive fluid; S/L, the ratio of soil mass to digestive
solution volume (g/L) ; a, KCl, KSCN, NaH,PO,, Na;SO4, NaCl, NaHCOj; and other salts, urea, uric acid a-Amylase, mucin etc;
b, KCI, NaCl, HCI, NaH,PO,, citric acid, malic acid, lactic acid, acetic acid, other salts, pepsin, serum protein, mucin etc; c,
NaCl, NaOH, NaHCO;, CaCl,, MgSO,, serum protein, mucin, pancreatic ( protein )enzyme, bile; The summary range of pH and digestion
time in each stage is as follows, oral stage, pH=4.5—6.8, t=4.8—5 min; gastric stage, pH=1.5—3.5, t=1—3 h; Small intestine stage,
pH=6.5—8.5, t=2—6 h; Colon stage, pH=5.9—6.9, t, 8—18 h.

2 ) 4y 8 PBET & ( Colon Extended
Physiologically Based Extraction Test, CE-PBET ),
i F PAHs %55 /KA HLi5 4 ¥ ( Hydrophobic
Organic Contaminants, HOCs ) 7£ B I 0L 7 H 3 xf
VA, PBET ¥AXTH A= My ml 25 P 00 I 7 495 2R D 11K
ANBEHERR , T R S AR g 4 ) T) o 3 5
LB AL 80%, Cavret Al Feidt!if % Bi PAHs
A LAZERL S50 R 43R Caco-2 LIS, H45M M
A IEER A E oK AL & Y e A DL B
I AR, USSR T 45 YR PBET
%M F Ak PBET . Tilston :7'7E PBET 7 hiR
Iy — 25 % R EAL PAHs AWl 451k, 4521
KBS CE-PBET 4 7 ' PAHs %5 (NaP ). J&
(Ace). %j (Flu), 3E (Phe ), & (Ant), 2% (Fla),
B (Pyr) ATt (13.7%~75.1% ) KT H
PBET JAMMIHEZE R (7.9%~62.8% ), XA HFHF

ailp i =R A FEER XS PAHs 3G AE DL &
THALE ] ZE K . CE-PBET 4t FH >k I i 4 456
K" PAHs M1 £ iR — 2Kt ( Poly Brominated
Diphenyl Ethers, PBDEs ) [/ 4 a] 25 P18 4k 5
R =N 16 Fiiss PAHs {1547 AN [RIFE LR,
AR PBDEs fE#S NS I % i AL A= Wy vl 4 Pk Ay
P4 71, Hort BDE-100 #9497 21 A 36%4% K 2
53%;

3N g B AR P A A ( Simulator of the
Human Intestinal Microbial Ecosystem, SHIME ),
SHIME 3l 2 2 J&: ti Molly ZEUOF % ) —Fft [ 8 2 9%
BB o 3XAS H TSR LA il 04 20 285 5 iz 4 e T B
FZHAL, (A5E . NI, B BREmNE, 5
CE-PBET A [A(#J2 , SHIME 145 I 54835 43 B T
HRLA BURTEHL S, A T Z5 I e, X
AU THRANT 45 R YR FLRR AT 1 . %R
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HXA LTS AW A E . van de Wiele 25170
SHIME 3 F T i 23 el 15 G - LR Wyl 450, et
T E /N RS B AL T R o3 B R TR
0.44%. 0.12%7F1 0.3%F% PAHs; Yu ZU2%) i
18 Fh R A AN g A ARG PN S EAT SHIME MlE , &
Y 1sPAHSs 1Y S AP a] 25 11 X0 N 29%~61%.
Siciliano Z5Vdi Fi SHIME 35 T Nk + e
R PAHs ARl 4541, R ELE BB AE YT g bk
PUNT 8%, L5 BT AR 1.2%~21.0%;
Cave 2V E T /S FPANEMEE ) cPAHs 7E 13 rp
AR AT 25 PE, =N Be i B A mT 5 PR
12.8%~58.7%, Uil SHIME 1374 (45 i b B
REREI— BT e . (EAS T B THE YR A LY
FAISE R, 40 van de Wiele 25751 % 3 BaP 745
MAYITER T S 7-520E BaP, B HIEAL 5
YWk B AT B S IRAL LA T 45 1 L B SHIME F8R
BN IAEE 0 AR LS O, H R T A S 1
YEFNZES R S A= W0 e T RE X H bR is Y i AR VE
SEEOAT 25 I A R R 2%, I SHIME A 7E R R
W3 A ALY AT 25 P T o A A R .

4 )Rodriguez 1A% & 172 ( In Vitro Gastrointestinal ,
IVG ), Rodriguez 257 T VG J5 ik Tl 52 +
FErh e AT M, %Ok S PBET A Z4b
T BRI T NaCl midEA HLER , 5380 H
pH &, HINA T A A LUE L E &Y, %
J7 R X A AR T 25 M TN 45 A 5 Bl ) S 0 4 AR
AT B TVG A 5 B A DTS Yt i
IR AT BR , ANAT James %5758 T 8 Fl BaP 53¢
+3 (0.17~650 pg-kg ') WA 41k, 2S5
H0.1%~13%, HILEER 5301 505845 200 A WAy
RUOPEAHOCPE R 22, Al R It PR A 480 T Ak I el
AR BTG Ye YA A 35 5 AL A J5 TR] A I R S e
S 150

5) fai A BASREHREEE ( Dutch
National Institute for Public Health and the
Environment, RIVM ), RIVM #f It PBET 743400 T

e YRR ADLVR T 1 B B, ELE AN pH
LS ( FEBN B pH=1, /NHIE pH=5.5),

RIVM 75 L A5 A EDR A A L34, pu 251
1E 3EF A 200 000 1 400 000 pg-kg ' Y Phe, i
FH RIVM SE#E T AR BRI Ak, A5 A IS AT 45 1
55 B 5 KRRl v R B Y AR N A5 R S — R DG

(R=0.53 ), #RiMi, TR P HRREARED,
VST Phe AURLHLTS Y 4198 5 S PRy L - BE A 1R 25 88
Ko, B R BRE AT ke 5 D i Y b
PAHs Y J¥ 25 Z0 W& HFIE X PAHSs A9 AR5 - S 2
EYERE, B Pu SRS 5 AR 2 . Gren
2GR 8OhY 4 1 YR ARG AN A T AL RSO IR A,
7 PUFP BaP (220~5 400 pg'kg™' ) F1 DahA ( 80~
990 pg-kg ') THYRHER AP RT A0, O E 4 AR
Bl - R AR AL, AnTs G i 1R K A A S Y £
1 BaP 1 DahA W4T 5 PEEAR (5.7%H1 12% ).
RIVM i SR TE e B M4 7 A A 72, H
TGS RS, N REE I B BRI PAHSs
AT e, BRI R 2, IR RIVM %
MR TR

6 ) A WL I NARRLIUPEAL 5255 ( Fed Organic
Estimation human Simulation Test, FOREhST )., 1T
PAHs iR RR M, & &b &4 W RR 0T nT i 24 hn £ 3%
PAHs HIVAMEIE, 123F PAHs B0 81, Cave 45174
JFR T HMEEIRA RIVM 35 ZEM A FORERST
P, 7R B Beas I 0 2L Ry i o 43 AR T e
22 [ A E RSB E SRR, Cave bR F4E
ST 1 6 Fh cPAHs( BaA . BbF . BKF ., BaP .,
DBA . IcdP )4l 44 PRI 3 , 45 5 % FORERST
FRA R EEN, B SHIME I 25 5 5 S
FtE (R*=0.55), Cave Z8ffi fff FOREhST 3£ 5E
Frm ) R 4 3 PAHs AR AT 5 1E, SEREI 16
filt PAHs A=Wl 5 FHIME N 25%, Lorenzi %5
MERS I 16 F PAHs AT 451, FHIME K
61.3%, MK T LR AU EE R, SR
WALy T4 5 PAHs AW T 451k, AF
HHERET AMEMIHTE S, 5 FORERST %5
B S G AEADL G AR A S 56 258 SR ST A S M Y G i
B, TR A

7) FEEMFIEREE: ( The German-Deutsches Institut
fur Normung, DIN ), DIN 7% & 4G 1 Hack F1 Selenkal®”!
F&, FFE+ED PAHs ML B4 (PCBs)
F A e 5, HLE Zpl 1 [ bR A 9% B R 40 o +
e FEHLAAT BILTS G W A6 0 mT 25 P00 A o
o HJE, HHAWD A, R A SR DIN 75
M E HOCs LE W)l LRI F ST B % /0. DIN J5i%
Ml PBET L2, BEHUS koS . iE LBy
B, (AHpE M REK (6 h), A, DIN %
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EB B BOIMA T K H # AR TEHLEEZE (CaCly,
MgCl,. KC1 %) Kk Dl gl fe, HF%EH
B2 5T W4T PAHs Fil HOCs A& 4 Al 451 B 500 .
Zhang %Pl ] DIN 3200 %2 V5 % +- 3 PAHs A4
AR, R BN e A5 R = TR A PBET A
FOREST i M nl 4. 0 yu UM
DIN 3 % ) L 75 4 -3 v PBDEs AW Al 451 5
WEME CS7TBL/6 BN AE 144 PN A W) A8 3001 AH G 358
2, Wk —2Rir, SRS, T DIN g%

(IS RN, FHAL D, X HOCs A2 45 ml 45 P Il 5 30
BONA IR

BNTH 2, il B AL O i M AR o 5
TENE AR a5, R IR BRAL 2 1 R R A BT

SRR, (EIN A A AR R 25 T S ]
AR I L 3h W RO RE R SR BEAT AR WA SR IE, TR
yiEren G SIS SEX SN EIRmILY)
WA SRS 1 2 YA AT AR S
LA, 06 PAHSs X ANRAG A AT S T B o 0L,
BOAR SORF RS MR T HE— 2P A1 AR RS MEUEE
H, ARFEDT RS A B 5 R B RAF A Jo——
S A S5 SIS RS A Wy AT I A SR AT R Y
S o i T R A LR S AR AL AR, 2R
H SR PAHs BIREEEANE . I, AR
PAHs AWyl 45 VeI SE T AR T 250k, IFai At
SR PE R BIIEATIRA T 16 PR35 PAHS ZEH) ]
PRI E B LIRSS TR 5 .

x5 ATEVAHRMENENTIRIUTENREE

Table 5 Soil or polluting medium types for bioaccessibility test

16 F PAHs
‘ AL (AHLIR )
e i ‘
) R O ) Jﬁi%ﬁ
7 | T Y A Concentrati EEBUN
Organic carbon
Site types Soil or polluting medium types ons of References
(organic matter ) mass
16PAHs/
fraction/%
(pgkg")
LFRIE Y (Dol BT, s THEAS . R Bt 80~ 0.752~57 [1, 61, 62,
P b4, mU. R, BK Soil/sand, silt, clay 5000 000 (3.44~747) 64, 65, 69,
Actual polluted soil ( industrial, urban 73, 74, 79,
and agricultural polluted soil ), sludge, 81, 87, 88,
solid waste and coal ash 90, 96, 99,
110]
A5G W RE . B AR Y. KRB/ L/ 91~ 0.3~29.8 [67, 81, 82,
Artificial pollution of soil WRAIAE /B 1 100 000 84, 92, 99]

Sand, silt, clay/quartz sand, peat,

charcoal/kaolin/carbon nanotubes/clay

2.3 EWRTEHNE T IR

/N RS A AT 75 e A /N B v R e JEE A
JE, PRy Qe N e R SR, ARG iRAN B
PSR A B R — A, PR 2 A 1Y
TP BXMEG TN AR, B RS
P 1 7 2 R AE PO AR B 550 AR
W Eh AW AR, AR R FRUAS AU RT LR e A 4 el

STk, A AT HG SRR SRS S Bl 50 5 25 R
Z (A A AH A

1) ERSWERR R o A B A A AR 98 9 W B e T
Gouliarmou %5:P°7E CE-PBET J5 ¥k 3ad I FH ik i
SRR A AT PAHs IRE TS, 7EH . /NAA
25 R T — FRRTRLR T AS I  RE AT S U PAHSs B
RSN T 1—3 MRS, Juhasz %7 PBET
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BHOMA T 292 RGP & i 100 fE RS, 25
REH PAHs ARl MG $ET1, o U A A
W) PAHs AWyl 5 PERR S 1 16.8 15 ~27.3 %, {5
Y 4R Flu F1 Pyr ZE# Al 45 PE ik 78.9%
1 81.7%. TAEELCHE DIN JrELal FR& A DLk
e, 455k B Y ;cPAHs AR W AT 45 P 19 7 B
3.18%~46.9%H T+ = 16.0%~90.5%, H A HLiE A
B R A s James S50 4 FH = A A
WiPR% Y FOREhST % (USINAERHE ) X543
T 4Erh 14 # PAHs B3R Wy Al 45 PEFEAT I E , &
5455 IM3K PAHs 258 B A W18 50k 22 1] A 2
PERSR, N R*=0.81 (p<<0.005) Fil R*=0.64 (p
<0.01) .

2) Tenax WZH7]. Tenax J&—FhZfL & 0 ff
MR, XK A LG 44 (Hydrophobic Organic
Contaminants, HOCs ) 74 1R #8535 FiPk . 28 0%
Tenax WG FIGS M T Bt , ZHHEHES T 7
fh PAHs ( Pyr, Flu, Chr, BbF, BkF, BaP, BghiP )
FE 6 ( Dichlorodiphenyltrichloroethane, DDTs )
B EY T 5P, EXF DDTs #E— B k4T s S8 5
FEUR AT A A= A7 SOPE R AT 251k 22 T4 R G 2R M A
Xt . Zhang 2 PUAE FFR R [A ¥k ( UBM
FOREhST, IVD, PBET. DIN) HJill A Tenax Jll &
PAHs AHWyn] 451, &I Tenax YEN HOCs A% R
LT, =R, PUER . F/NFR PAHs B9AEW AT 45 1
Y BEINT 5 4% .6 A 11.2 4%, Hl i #57 Tenax .
THARETR] | [T Lb A5 52 ) R X6 A= 4 Al 25 ) 2200
LRAE WU 7 FR & B Tenax PRI A8 v Ak 22 55085 HiAth
M TR, BN Tenax fEM: KN A= ¥y nl
45k . Chen 2519 % 3 Tenax (i FORERST 2 1
filifk. PAHs ( Nitrated PAHs, NPAHs) 7£ %1k 4 rh
FR - 2 2 AT 25 (20.6% ) B30T /)N B AL 5 1)
WA RO (19.5% ), & T4448 FORERST
E WA (8.4% ); Li R IANA Tenax f)
PBET il 75 PCBs [ 2E 9 Al 4514 5 /N FRBL AL I 75 19 A=
YA RP=0.7, HHOCHERSHR, UiBAFEMRSNE s
LI AR B 550 AT LASE R SEHL T POPs A AE WY
Bk

3) R 18 BREHIZEEUE (CI8 i ). James 257
FIFH C18 AR AW B0 >k 45 =5 PAHs B w] 4544,
GERLRIMA C18 J5 ARSI Wy vl 251 5 F) 44 3
R4S 20 i A AT Rk Z IR B AR 6t R A 0.03

(AR ) $2TFE 0.45 (B —MAHE ).

SRS, M TSR BB %, 3§
TR 56 60 T LA K o 000 S A A T S5, IR AU
FTF 0 PAHs B9 A= 9048 550tk
24 HYWAERIMER

ZE LRTIR, FUR PAHs IR AR A5 R 2%
BIaT RB MU A Wy S0, AR SO i ARSI A 55 14
(WAL L4y . W IA) 45 ), PAHSs BRAG M BT K G 7E 135
AR E R IR ( RIEA LR G R ) A
FFH IS 52 PAHs A=Wl A RO £

1) AL 5y o Tang YA Lu 25" 2HE5E &
PN ST PAHSs AR AT 45 PR 24 KT B AL
SR EY T, AT AR IR LR /N B B AT R IR
SRR HOIE I, W R I 5K TR IR, PAHSs
W5 . Tilston 251070 % BH 24 /N i A4 i [ BEAT
TERBER T, [ 3% ¥ FP A6 2 K i PAHSs ; Oomen %501
I HER B AR X 3L HOCs iR 5 %O /E .
WAk, THAH PR RR B 2 S IR IR A
Jie o, AT eI AN PAHS AU AP 10 S AL BOT Y
il an 'S R I . BEEGSE, X PAHs m9AHl
Y PESE AN . Minhas 250105V P01 B AR A i DT
ey BRI, AR Chr WEERA W& ARk
Tang 25U 55 2% W] T A5 1A Il R G L A I 2R K
HALR AR IGK S, UiBEEXT PAHs ¥l 45PE Y
EABR, H Weston 1 Mayer!'* R % 3 B 5 14 5
PAHSs 1] 5 (B A PEAH DG o BRAh, /N AL 11
pH K H MR, BEIELE A MR AE MR,
HF T2 55 PAHs A=W a] 454

2) ARG - A T fLEHE] . Zhang Z5P RS
EURER AN EIDORE 7/ IRZ R 63 A UE S N i K R R LA
K, T IRBRCE £ PAHs ML It
YR B B P . Tuhasz 25BN RN TS G+
e PAHs #ATAEY AT 45 PR E , &L 7 b PAHs
ATAVERR, 200 2.0%~3.3%, HIFHEE . Imk
LR AL T 08 (AR 2 ho), Ak W B} R T A
AH S H, Siciliano 47L& AL A ZE 4 2 18 h,
g5 KB PAHs /N Bl A e KR 1.2%~
21.0%. {HJ2, LR A7 A B, Tilston 257
XPANTIRG PAHs HiEHETTIH L, R ILE M B Bk
7% 8 h GV PAHs IREEJLTP AL, IHILER E
16 h R R S B A B S i vk, R T
30 T P ) T P T A T G o OIS AR T 1 9 i
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PAHSs 5B I 31 W52 B A W T A7 P RS 7 b ot
AL BT A W ml 450 23 H7

3) PAHs P e HiAe - 3E b i A/ . Zhang
AEUO8) o g - AT BTN PAHSs Fit 052 o 20k S i G it 7k
PEIESR IG5, Khan 261958 i 5200 % B PAHs PR%L
s, LEBR BTSSR RE, X5
1 2 PAHs ZKIEMEAR . Koo i 58 5 B - 59845 BT 2 Ff
H ., Vasiluk %10 % BLA w3 BaP UIRA DL
Fri A (11%) 7ETH AR TR R 29 Sk 5 A ML
T35 (29%) WMfs, B/ RSB K.
{E4¢m PAHs MZEY T M4 T B o W VR
Gouliarmou ¢ 1% B fitk Jise 15 W BRHIL B9 i A A v 240
PAHs MR ER PAHs Bk, {H Min 25012%
B=IRE] NI PAHs 78 B 1 B B A 4T 45 AR IR
B, HEME R /N> TR PAHs B 5 EA 1AL
BN BB, SRR AR

B B RIHERS , WRAFTS e i 3 R 5 7
SR KA Ak, X AT g 2l AR - S A B2
W+ B B IEAR, T PAHs SI%siy #s) L3
AL A LR P e i rp B DA R B A 55
(1) NOM %% A% 28 W BiH P i 11 B AR L=, AT o
RILA Y AT 5 TS 0 10 R | B R
ZAb IR TS YL AR RSB A T, R 4
P SR it , Minhas 26U R ALY
WAL 6 F1 12 4 Y Chr R4 HIEFEAT AR Wy vl 251
M5z, KA LI AL OR EVA B Chr ¥ B2 1
WA, Vasiluk FEU%E0 7 KR4 SHBERE
WU BaP YEAT A R PR AR, R L TR
YIf) BaP $2HUE K>, dFE—iE i R
53208/ PAHS AR AT 251k

4) TEEAHLTRA N . T PAHs A5 KMl
K, T3 PLE X PAHS A2 3 32 8205 BH1E ],
A HLBTXT PAHs 1YW B ih £ 38 5 T DL S AT ALak
( Total Organic Carbon, TOC) &FfEF Rl "M +
HE TOC FEME, WA PAHs #2, PAHs W}
RS L i et T VNN W T DD 72 N e SRR C
SR FRR IS RN 25 A 0% . B TALEs R . ks
T P 55 AR B 2K g o R R O, L A Vel A
FL B 7 T VAT TR ) 1 R s R e 25 4 o e 28
Wy AU 45 #8082 ( Humic Acid, HA ). & B ( Fulvic
Acid, FA) 45, WY B 458 ( Humin,
HM ) Fi27% ( Black Carbon, BC) %¢. HWIFT3RHH,

HHRBGE 5 R SR AR S A sl o3, AAsk VO3
DAL v 4 e 1 W R ALt 7 o 160 39 10l —
MO T, PAHSs 78 4438 v g W BT 25 0T 43 Sy P s fie
W . 2% 5 fifk W RN AS AT 306 figp WA A3, B Al R B Y
PAHs Ay PR fife W08 4 , 17 ek e 1) 3= 82 K% o ) S 2% 12
ﬁmmﬁ%p&%ﬁﬁ[w. 91. 106] Meyer %[63]5ﬁ%7;\}% 4
ol b S I BR300 9 PAHs 259 Rl 45 M R/ NHEF P Ry A 8
W (269%) >%i+ (64%) % (48%) >K
% (0.1%), HpAR BC fidmm; WA R
7 Ff cPAHs AW 45145 BC & &2 W A G,
o, T 50 R R 2 ) TR XE PAHs 4 W [ BE 7 0
Zhang 2104 1+ 584>y HA . FA Fl HM = #8458 #E47
PAHs ( NaP. Phe. Pyr fil BaA ) WGt SES:, &
B HM (AL W B i S I B 20 F0 T B, 245G
PAHs 1Y 224y, HEM R P& HM Ko & 5 s,
SR S8R E%, MANT WE &Y et
22 W B AL 0 e T AR AR I B RE B, RN TR 2
PAHs, fufhay S 2 42 2 60 Pl A i T 2 eIgh
1 ; Ukalska-Jaruga %3 gy & B FH IR A )
PLHU) PAHs (Fla, Pyr. BaA fil Chr) A#n] 251
H 5 FA Ml HA &2 IE L, 17 PAHs SOk B Fil
IUAR BV B ) 5 HM B i 52 3% IEAH G, 15680 PAHS
1 b R A MR TR i IR T, TR
R B B E) J5  mT {2 33F PAHSs 1 il WRE R -

T4 SOM 450 7E 45 #0 A4l i A7 75 i 3
ZE5%, WO PAHs BB HEAE TR AR 22 o AR B
ZEHES 5, SOM AT 43 Ry 35 T i C 443 Fufig ik C
Moy, PRI F G v LGRS - o A EAEH]
HIEAEAE Ty 455 PAHSs, [ U5 153 W) 3 4ok i 7KRH
YEF S PAHs 454 . Hii, &F SOM X HOC i
PR F5 A 1 C SRR W i C R 3 32 B 45 A AR
AEIE, Zhuo SFME I F I C fE45 A PAHs J7
1R B EAE A, Li AR R B R A
OM X} PAHs 11 Bt s sik 51 5 H i 55 & 1 i o A
X%, {HSE, Zhang USIEFSE & SOM %f PAHs (¥
W B 55 A0 0 SRR Wi C Al RAEARSE, 15 5 ik
C 443 S A G, HM X PAHs W Ff 5% 1 ) it 5
FIRMIGH e 24 Ko 28 LTk, -4 SOM 41k
XF 16 FhOLHE PAHSs B AE W) AT 45 V5% i AN WA, 55
B — DY
2.5 HEHYRAHENESEE

ARG AT T SOk A B E A
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PAHs WAl 458U, #F 16 FhiL#E PAHs HIAEY)
AR s R AR L B (WL 5 ), THENARER |
TR A R B B, R BRER 50% (R
1IQR), & 2.4 WPk, ATLOUER 2] il T e i
A AT 5 PRI E 7 iR AR, PAHSs A0 5 25 SR 1k B A
K, BT rHEgEEA . WL E SRR PAHs
AT PEE R, 2 1.5IQR LAY “SHE”,
WA 16 R LI PAHSs 09424 AT 4 v 41
WR: NaP (72.4% ). Acy (77.3% ). Ace ( 62.8% ).
Flu (46.0% ). Phe (44.4% ). Ant (35.8% ).
Fla ( 34.6% ). Pyr (34.3% ). BaA (32.5% ). Chr
(29.2% ). BbF (29.9% ). BKF ( 28.5% ). BaP ( 21.9% ).
DahA ( 14.8% ). Bghip (13.2% ). IcdP ( 16.6% ),

43 M1 AT PAHSs T 25 1 RN EAR T G 5 Koo (R LT
B RLEE, B AT IR ER PAHs G T 45 M b v (.
(27.2%~73.3% ) .25 T PAHs (6.5%~46% ),
B Koo (B 5K B9 3 PAHSs 5 + 30 ML 454 10 T
BAGRE . WIS ITAL A B 438, AE3U% PAHSs
' NaP. Acy Fl Ace ZEW AT 45 PRI L 50%, ik
=K, 7 MEUE PAHs 1, BaA. Chr, BbF
F1 BKF A= 9] 251 f5 i P 430035 80% . 70% . 75%
1 75%, FLAT g5 M E BB . ek, ARE 30 (1.1
W43 ) Prik, BbF fil Chr ¥ ¥ 5 3\ (PAHs 143 HL AT
B b, ik, fEXBEE T, BRI
Y BaP 4, NaP. Acy. Ace. BbF fl Chr5 ' PAHs
Xof 2 R AU 1) TR o b T Rk AR

[ ]25%~75%

T LSIQRAMIEFIRange within 1.51QR

100 - — #fiZkMedian line
I o j{fiMean value
* S {HException value
80
o
X |
)
Z 60 ?
8
3 1
2 o
= o]
§ 4or - A l
T . o o
o I
200 o T —( — ° o
oL W R |
ey [ = ) = = = = [ = =5
3322222233838 22 %% %
A m
L6F i PAHS
16 priority-controlled PAHs
K5 16 Rl PAHSs L4 ] 44 PETE

Fig. 5 Bioaccessibility ranges of 16 priority-controlled PAHs

3 RE5REE

ARSCE e TR E R E L3 Y PAHS (1947
MFFIES B, 25K Y (PAHs | Hi T4
A, b PAHs {SYeHE b ™, Hrpe i
XX ,cPAHs 7 Fbie Ko Hk, J8 i KU PPAl 45 1 3%
B PAHs FRBEIRENE AL, HILaXT
N AR B R R R . LA PAHSs B B ol 3t

YR XU A 5 e TR ST, AATTOE 22 R T4 B
P s A S MEAL E ik i A £ LI E PAHs A=
Wl gt , SEATRTARAL RS PTG 3 29 AS (4 2
oAk T B E WL SN, PAHSs X A A= W A7 2%
P, i H BT A ML RE T5 ¥ B A% O TR U I A5 Y
MY RT 25 P TR N Sl S I A ) AR A AR ST
MR HE R B, 2% Rl J5 A U [ B2
R MRS RIRZEBOR, HORA — P& PR 7 ik
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A ABHERR TG PAHSs BOAEPIAZE. XFE, al gtk
72 BT EAEARAE TAELL T LA IT IHEA 7 B0 -

D)RAMEE 1 i SC B R 3R 2 — J2 R T RE IS I
PRIHAL N ERIEE , 5 1k — A0 RO AL, 25 P AN A I 1]
THALWAL 35, PRI TR

2 )3 JEUA PR A PR 9 [R] e 04T 3l ) 1 7 A
EEAT HOEE, A A W B A R AT L 3 R T
PAHs A=W 451 , (EATS 7 BE— B BF 5T s 55 A= W0 A
B QEBE PSP a4 SN EX AWmI k7 B8t et/ k5]
R IEAL B FLAY 5

3) PRAMEESLE IR AZ 8] PAHSs W3R Ab 2= E T, +
HE pH . Z AL RV R AL & A N R, H s
15 3L ) SR AL Ve O AR ) ml 2 Ve RS2, T
ANl PAHs TEAN RIS R - SERL i b m] g My A8 4k,
b PAHs H5 40 A0 XU DAl S A1 30 S04
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