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Advances of in vitro Gastrointestinal Simulation Methods for Determining Bioaccessibility of

Polycyclic Aromatic Hydrocarbons (PAHs) in Soil
MA Junchao, GAO Yanzheng, QIN Chao”
(Institute of Organic Contaminant Control and Soil Remediation, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: Oral ingestion is an important route of human exposed to soil polycyclic aromatic hydrocarbons (PAHs). Effective
assessment of the bioaccessibility of PAHs is an important component of a comprehensive assessment of the human health risk of
PAHs in soil. However, there are many in vitro gastrointestinal simulation methods to evaluate the bioaccessibility of soil PAHs,
and there is still no uniform standard in China as well as abroad. The development of human health risk assessment of soil PAHs
has been hampered by the large variation in the results of different in vifro simulation methods. Thus, this paper reviewed various
in vitro gastrointestinal simulation methods and the related advances for PAHs bioavailability determination, and suggested that
future research on the construction of standard methods for PAHs bioaccessibility determination in soils should be based on three
aspects: physiological conditions, selection of adsorbent materials, and validation of in vivo models.

Key words: Organic pollutants; PAHs; in vitro gastrointestinal simulation; Bioavailability; Human health risk assessment
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IRTT BRI AR R, FLH PR R — R SIS T n)
SHEYRRR I KR T T %L, R
25 I Z A LA AT AR AR A Stk S
LWt A NAAHRRE XU DA o A 4 AT M4 AN R
JE G G TEAR L RO B R S R A L,
S T YA SRR R BE R TS
ey ] BE AR A e AR EED 230,

AT, 138 PAHSs A=W n] 25 4 I 22 14 o 58— F
W, ZRMARSNE IR P58 F T 11 PAHS A9
ATAPERGINGE , B i R L . B AR RS R ]
22 SO SR A K, TR T & A
43 PAHs A9 A PR XS ITAG Y B A oh B i
LA B I BB 52 3, X 3% V5 Yedzpith 1 39875 L XL
BTG S8 S bR (R R A RN 5236 | RTRE YRR A B
EMAAEER L,

1 11 PAHs &AM E KNS 7
BT %

IR - PAHs AWl v E EEAR AT
SRR R A W T AR RN A D0k, BB 2R TR
PR R 5% PAHS AR W) T 2 M 5 g 20 ST T
WHZEAS . i AT PAHs Bk P . i o i
AT, T A BEAS AR A ARS8 APl 7 A

fbo BRI, YAt PAHs 4= ¥y nl 45 & kb T
ZIEIAF S NHRRES, Mg bR
1.1 ETAEEHMLTE PAHs £YRIEHNE
Tk
FEF A A T E PAHs AW ] g PRI 2 7
TEAE 1996—2011 AFHRIE A, T2 24045 A B B
Bt (Physiologically-based extraction test, PBET)!"*|
1 FE bR AL 5T BT (Deutsches institut fiir normung,
DIN)!'MV ff 2% [ 50 36 P A 5 IR BT T i (Dutch
national institute for public health and the
environment , RIVM)!'*' K 4 & g 1 (in vitro

digestion model, TVD)!" A&z il Ak A A4
Z 5t 7 (Simulator of the human intestinal microbial
ecosystem, SHIME)?"?Y | gF & 54 FAHLIERE AYA
AR )77 (Fed organic estimation human simulation
test, FOREOST)! | ¥ hin4 iz #H ) A 30 D 3 2 B ik
(Colon extended physiologically based extraction test,
CE-PBET)™ L K b vfE ) A 9 1T 45 1 0 52 1 (Unified
bioaccessibility method, UBM)!"1 2 1 %1% T K [H]
PRSIk i 4 R 25 44505 B o AN RIS
BRI 22 ORI 1 1€ PAHs ARl 451 1Y
Mt KT PAHS V5 Yt i\ PR fi R XU A A
ANt E

Fz 1 AEMKRIMERI A ERERFIIR L
Table 1 Composition and physicochemical conditions of different in vitro simulation methods
Tk HEHLLAR A SE(g/L) 127 pH LW HEFRET
L% (m: V) (h)
PBET! = 8.78 g NaCl, 0.5 g friEfeth, 0.5¢ ¥R ML, 042 mL FMK, - 1.5 1:100 1
0.5 mL BSiGE, 1.25 ¢ BEAN
N7} 2g aitEE, 0.6 g G 7 1:100 4
DIN{ B lg MMM, 3g #&KM, 29¢gNaCl, 0.7¢gKCl, 027g - 2.0 1:50 2
KH,PO,
N7 9g B, 9¢g BRAE, 0.3 g EAEEE, 0.3 g IRE, 03 gKCl, 7.5 1:100 6
0.5 g CaCly, 0.2 g MgCl,
RIVMI'¢1] 3017 1.8 gKCl, 0.4 gKSCN, 1.8 gNaH,PO4, 0.6 gNaCl, 1.15g ¥ 6.8 1:15 0.083
Na;PO,, 0.14 gNaOH, 0.4 g JRE, 0.03 g KR, 0.1 g Kifk
1, 0.29 g JENT

= 5.5 gNaCl, 0.5 g NaH,PO,, 1.65gKCI, 0.8 g CaCl,, 0.7 g 1.3 1:45 2

NH,CI, 15 mL 12 mol/L HCI, 1.3 g #i%j#¥, 0.04 g HIMEBERG,

02g JRE, 0.7 g ZILMHAME, 6 g RN, 2 g FIMIEENA,

2g HEAE

/N 38l 14 gNaCl, 6.8 gNaHCO;, 0.016 g KH,PO4, 0.01 g MgCly, 7.8 1:95 2

0.39 g CaCl,, 1 mL 12mol/LHCI, 02¢g JRE, 2g 4FIiEE

Fi, 6g JBAE, 1g BRIAG

B 10.4 gNaCl, 11.6 g NaHCOs, 0.75 g KCI, 0.44 g CaCl,, 1 mL 8.2 2

12mol/LHCI, 05¢g JRE, 12 ¢ JHT
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gk 1
Fk R A S E(g/L) Ty pH WL HEFRET
% (m:V) (h)
vpl! = - - 1.5 1:100 2
N 12.5 g NaHCO;, 6¢ Hit, 0.9 g [ 6.5 1:150 2
SHIME®*!! = 3 gNaCl, 5g KHCO;, 0.5 g FIHi{ERINE, 0.5¢ REBHE, - L5 1:40 2
2g LEATEVER, 0.2 g WEIME, 1.5¢g BERHERY), 05¢ &
FilR, 2¢ BB, 0.25¢ LIbEm
N7 12.5 g NaHCO;, 0.9 g JiEEE, 6¢g 2FARIT 6.5 1:40 3.5
451 HEAE/ NAR T IAZEE SR, BNGREE RIEIR 56~59 1:40 18
T ¥ PR B M ¢ 9.9 1g (CFU #48/#i/mL), 10.9 1g (CFU R
ST /mL)
FOREhST!? I 0.9 g KCl, 0.2 g KSCN, 0.89 g NaH,PO,, 0.57 g Na,SO4, 0.3 #JN 6.8 1:25 0.083
gNaCl, 2.8 mL 1 mol/LNaOH, 02¢g JRZ%, 0.015¢g R,
0.025 g A, 0.28 g JEME
= 2.75 g NaCl, 0.27 g NaH,PO,, 0.82 g KCl, 0.4 g CaCl,, 0.31 1.3 1:50 2
g NH,CI, 6.5mL 12 mol/L HCI, 0.65 g #i%jh, 0.02 g #i%j
WERERR , 0.085¢ JRE, 0.33 g ZIEMANE, 9g #EM, 1¢g
FIMEEMA, 2.5g HEAM
WM 3 7 gNaCl, 5.6 gNaHCO;, 0.08 g KH,PO,, 0.05 g MgCly, 0.2 8.1 1:100 2
g CaCl,, 0.56 gKCI, 0.18 mL 12 mol/LHCI, 0.1 g JRZE, lg
A MEEMA, 9g BEEE, 1g IR
JilZbhn 5.3 g NaCl, 5.8 g NaHCO;, 0.38 g KCl, 0.22 g CaCl,, 0.18 mL 8.2 2
12mol/LHCI, 025¢g JRE, 1.8 g 4 MiEHEM, 30g AT
CE-PBET™ H 0.5 g MR ER, 0.5 ¢ HEME, 042 mL FLHZ, 0.5 mL BEMR, ¥R 2.5 1: 100 1
1.25 ¢ HE
N7 0.5 ¢ REF, 1.78 g MHIT 7 1:100 4
45 4g BiEH, 45gKCl, 4.5gNaCl, 1.5gNaHCO;, 1.25¢ 6.5 1:100 8
Nast4'6Hzo, 0.8 g ﬂé%ﬁﬁﬁﬁﬁﬁﬁ, 0.5 g K3PO4, 0.19 g
CaCl,, 0.5 g K,HPO,, 0.05g % LiiL£T %, 0.005 ¢
FeSO,7H,0, 0.4 g fHIT
UBM"" I 4 0.9 gKCI, 0.2 gKSCN, 0.89 g NaH,PO,, 0.57 gNa,SO4, 03 — 6.5 1:100  0.083
gNaCl, 0.2 g JR#, 0.015 ¢ JREE, 0.005 ¢ FiEM, 0.15g ¥E
¥
= 2.75 g NaCl, 0.27 g NaH,PO,, 0.82 gKCl, 0.4 g CaCl,, 0.31 09~1.0 1:100 1
g NH,Cl, 0.65 g %M, 0.02 ¢ HAMEERL, 0.085g JRE,
0.33 g ZHMANE, 3¢ FEA, 1g FMFHEA, 1g HE
R
/N b 358 7 gNaCl, 5.6 g NaHCO;, 0.08 g KH,PO,, 0.05 g MgCly, 0.2 7.4 1:100 4
gCaCl, 0.56 gKCl, 1g JRZE, lg FIMIEHEHA, 3 g P,
0.5 g KB
fEYF 5.3 gNaCl, 5.8 g NaHCOs, 0.38 g KCI, 0.22 g CaCl,, 0.18 mL 8.0 4

12mol/LHCI, 025g JRZE, 1.8g 4 IMiEHEMN, 30g Hit

TE: W/ NmRm A+ AR AR T LR 5

1.1.1 PBET ¥  PBET ifc i & Ruby &4 T
T 2 S AN R A R 25 P T ST Y IR T A
/AN, B BRI 1 1000m : V),
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I T, S FEET 4 h R R R, H
T, 13 © BTN T30 T T R X 3R )2 - HE RS 7K
R PAHS A= mT 45 b 2 2527

1.1.2 DIN ¥ W& Hack Al Selenka'”
P, FTFAE e b PAHSs F122 S 14 A By Al
Wbk o Bl AR E AR UERF ST BE RN, IFAE R 145
T HLRTTCHLTS G P A P mT 25 1 R A b o T
DIN JABRTE B WA AH I G AR 8] . pH A1 H R L 7 1T 5
PBET WA iANFAL, B sz Rk, f
5T, DIN 3005 (9 38 PAHs A= 9] 45 HE45 21
B = PBET LI 255, XAl ReId R AR
B R ) S R B2 U S I 4 A R DA
T 4 A HANG Yty 13 PO B B RIF bl
I [a) v AN e I [1,2,3-cd]eE B A4 AT 257 T A A fee
RS, Z55RERH, ZRIF[b19¢ . AT [a]eE e Jf:
[1,2,3-cd]EE 3 T A W T 45 M 0 28 T 4 A 2 i 1 HE 3t
TR REREI 1 ~ 2 MEUEH, 3 i PAHs
49 DRS04t v

1.1.3 RIVM @& LA 2 E R AL T A ST
BE 5% BT B 22 3 44 FK (Rijksinstituut voor Volksge-
zondheid en Milieu)¥fig44 . RIVM LBREHE I
Ah, AT MR ALY, TR RSB AR S R] 4hy
A RSN, Pu PR AR T AR
SAE N IR AR Y T iR, S5 R R,
e S T AR AR AT A REEA LS
T AR S R, SRR A P T 4 PR . Gron 45
FIZIEF SR T & 4 0F T 122 £ 3Eh 255 [a] e AN
T [ah B EY AT 5, 45, WiFP PAHSs
B A W PT 5P KM T PAHs 15 L 5 A -+ 3 i A
AT

1.1.4 1VD &% ZIE R LA 5T 28 6 i 2 4wl
VERF T ALY SR AR T AR RN R S
51, B RS R T PR 3k ) VRO RS i 9
RRM pH, B4l E & ARS8, MmN
W NaHCO; . I FIREFALA . James 25"
IVD 5 T 8 Ff L 38 PAHSs M4 ] 450 .
1.1.5 SHIME %  SHIME ¥ Molly 2P %
BT AR E S 52%, EEME. M.
Frek i . REEE R MFEZS I AL, 8% 5 B LB
S WA . BiJS, Richard 252 FHIZ RV 2%
A SHIME 2%, it Xt E .+ =48 Mg i 6
RSS9 b PAHs (A=W AT 451k . 4 InZs
AHIET A T8 AL P S R o 5 A48 3k ) — AN AR
Witk e, P PIre st i b s B AR, 5 e

Jo B RE MR VE R T AT e s b, RO R ATLA
YA 25 SR AR P W] e 23 Ak T G ) iy A= ]
SRR, SR, AR R A AR AR X R 2
YEBR 11207 1k B RHUAE I, B4
1.1.6 FOREWST ¥ %k Cave MM
RIVM Vi 857 i + 58 PAHS 289 A 45 P 52 07 vk
ZOTERAL T MR . B AAUNAA . BRI, &
Yy B R BT 4 238 K B W b R A LTS e
VIR B, A5 HLTS Yk — 20 D 3 rh R
WP W, T EAEIE T AR IR, U
A% PAHs =W rl A PEM R RAE . 2487, ZILE )
I T 95 e 3 M ORD A 018 2T 9 TS G b b+
PAHs A= W] 45 P 2 B270, R, B B N
23X A3 AT 48 A s B — s, R HEBR A 5T Al o
T T RACAN T, X BB AERUS Y PAHSs [A]
W IR
1.1.7 CE-PBET & BT EWAEL N 5 ]
K. il B SR RICE R B, B4k b S ARk
&Y. BT84 BT PAHs BAY ALY, Tilston
ZEBE PBET ML AYERE LIS I AH, % 18 T8
BT S, T CE-PBET ¥, 5 SHIME A8
I, Tilston &P RS A b5 A T8 %
AW, TR ZE AR R SR R AT T Ok R R B
8 h ML I s Ry e AR SR 0], Refs b 2 e 5 1 48
PAHs A=Wl g5 PEE G558, YT ets it —2
P S5
1.1.8 UBM ¥ UBM 2RO A ml 4TS
/NRTE 2011 AREESI Y, HITIE R EA . 6. 8
(A= ] 5 E Y 0T e PAHS AR T4 PRI 2 Ty
T %0 . Zhang Z1MFSE T UBM %4E PAHs 4
Yyl 45 P 52 J5 T A PBET ., DIN., IVD & FOREhST
BEES, ZRER, UBM BRI GE S5 5% = T
IVD 72 [0 25 51
1.2 ETFEEZGNEINEBIEIGENIK
AR T 4R B A B AR T s i
PAHs Bk PEiR, 76 8 SR h s i A R,
0 1) T 53 EL 2 SR BEAH o ST A AR S MU 1% &
2T LW BBFUSS X PAHS IR R BOEK, SR
XL T VE N 20 T iAW O +3E PAHs B 5%
e, WA 1 PR, HA%EIEWIYF I, PAHs
VR B R A TR 1) M R S B4 L
T USR5 R B W 52w, B PAHs 4R 244b T
RAEHRIRZS , X AH45 PAHSs 1] DUFZ2 A B i A 338 rp
B RS R, T AR BEAE I RE R T fig
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Fig. 1 Schematic diagram of soil PAHs desorption in intestinal juice
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SEILER UNINT Crg A TVD 3045 (4 A 4] 454
IR & T IVD SRR SR, 5+ PAHs
Bl i 6.6 ng ZIF[a] it M HINE] T 290 ng A
[a]tE 2. Collins 250V F PDMS Xif A= 9 i e itk 47
2 Ak LB il — A “TRIF R ML, a5 A
CE-PBET ARG FfH #4414 PAHSs A=Al 45 4
Mg, S5 RERIT, WARHREA AWM PAHS,
{7 HH (] - 4% PAHSs A= 9] 45 PR o 25 R i 1.2 4% ~
2.8 1% . 2477, PDMS 454 PBET & CE-PBET ¥:%f 1
198 PAHs A=Wy AT 25 PR I 22 235 SR ) 4 vt & R IE S8
IERHT PAHs S0 KPS, Besh, Zmifs
FW, Tenax TA ML AT DL g 4% = PBET ., DIN,
IVD ., FOREhST F1 UBM i 1) 1- 4% PAHs AE ¥ Al 4544
5 g SR
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R B RS AR th 2 2 v 1 4 PAHS B9
AT EAPEI 2 B R0 20 BT XE AN 43 8 1 e 2
MOIFRESR, B4 Caco-2 KB/ -
KA, Caco-2 4UffLE NSl LA, 5645
L Caco-2 A5 HIFIT AR5 AR/ N T e 20 i+
YR, H TR 25 RS AT
W RRERE R, Caco-2 4 A4 R T BE HL AT RS0 3, fig
RS AR SE PRk A . SR, AT REZ BR T

Caco-2 HMMEEEFEAMIEK . Fzi5Y . BiA R . 7
BiFge # %} Caco-2 M T i AR K2y, Hie
38 PAHSs A= W] 4 1 1 64 g FRA /D o A BRI 5T
UESE TZ 40 5 | A TT LA E PAHs M A HEJE 5 p iF
— B, FET A BRI A2 T 1 T REAR A T e
PAHs PB4 ] 45 L

2 RSMEILLE T I RY E) 8 5 Y

¥ 20 Z4E3k, +1E PAHs A=W al 45k 0 2 5|
Tz R BRI A KB — 158
— [AIARAE , B AR AL T 22 35 T A B AR A AR ATl
HERIREHLEE A5 0 A 2 LB Be o AR A MLk 1Y) A
PRI . WA R BERR A I 2 i T -4 PAHs A
PyaT 25 0 2 25 R AN I, T EL R 2 T TS Y
+- 3 PAHs A AAAgHRE XU 1A -
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Wit 1 ATLAE AN RSN AL Y
L R B AR KA o i A T T 2
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RN o 3 T 0k 20 B A 2 5 2 X T 4 1 U
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B[l 7RI [a] et . L, EIPAS A
BTG G A AAR B4 e BRE IXURSE BsF , 7 255 25 05 G
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