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Effects of Human Gut Microbiota on Bioaccessibility of Soil Cd, Cr and Ni

Using SHIME Model

YIN Nai-yi'*, DU Hui-li'* ,ZHANG Zhen-nan'? ,CAI Xiao-lin'* LI Ze-jiao' > ,SUN Guo-xin®, CUl Yan-shan'*"
(1. College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 101408, China; 2. Research Center
for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China)

Abstract: The influence of human gut micobiota on bioaccessibilities of soil Cd, Cr, and Ni were investigated in this study. Five soil
samples were collected from some sites of China, and the bioaccessibilities of soil Cd, Cr, and Ni in the gasiric, small intestinal, and
colon phases were determined using the PBET method ( physiologically based extraction test) combined with SHIME model (simulator
of human intestinal microbial ecosystem). The results showed that the bioaccessibilities of Cd, Cr, and Ni in the gastric phase were
4.3%-94.0% , 6.4%-21.6% , and 11.3% -47.3% , respectively. In the small intestinal phase, the bioaccessibilities of Cr and Ni
were either congruent or slightly increased, while for Cd, the values were reduced by 1. 4-1. 6 folds except for soil 2. In the gastric and
small intestinal phases, the mean bioaccessibility of Cd was higher but that of Cr was lower. In the colon phase, the bioaccessibilities
of Cr and Ni were 1.3-2.4 and 1. 0-2. 1 times higher than those in the small intestinal phase. Furthermore, the bioaccessibility of Cd
also increased except for soil 3 and 4. Human gut micobiota could induce Cd, Cr, and Ni release from soils and increase their
bioaccessibilities, which may result in high risk to human health.

Key words :soil ; metal bioaccessibility; human gut microbiota; PBET method ; SHIME model
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W Bt W 2R A R G R S 5 iR e
A IHRIE T, SHIME #58 = SE9R5Y 1 i 38 Tl 2k Wy xof
FHERE Y A A AR R AN S T
AR L Cd, Cr, Ni B9 52 R I 5 4l
EILFEA. R BRI, Ml AR
0 NCIRMMIWNN. 7 £ Get 7 et DN r e ]
2SRy, HA DR ARIESCT i E R 1E U Y)
Xf ST R BB ST, AT 50 R 2 — R AaE
B8 UE S B 8Erh Cd ., Cr, Ni p94RSHE
FHIFREH T Mg e XU PP 4. A 508 R AR T
] — S b [X 1495 e 38, A B ) PBET J7 vk A
SHIME #5730 477 8 I R &5 b B 3 fh & s o R
(Cd. Cr, Ni) (AW ml 251, T 00 A0 ¥R 1 18 T A=
L7/p8 s e 4 Ry R e 7/ ISR G 0P A TR S U TSR S
X B A T Ml AT T R PR A0 B 4 R 7 G Y
AR B KRS AT b2 21— g sl A Y, JF XS L8
s Jm AR R ELAHE B 1 RS8P I AR A B 5t
B —E R HESHVEH].

1 RS

ST Y 5 A H 3R | IR E TP X e
B, HHREST S 20 H ., 100 B THA
AT 53T, EAR BN Ty 7 W SCHR[ 17 ] 5 3 60
H 5 J5 T in vitro 525, FIRAE R TR A B AL
P o R - 48 v 4 R O R A AR KA AR RS
(%1). pHIEEE K 2.2 ~7.6. HHEHEE 5. 8
FALY) (FeO, MnO, AIO) (& 84 51°H 0.8 ~
50.2,0.1~0.5.0.5~1.5g-kg™'. +3EhCd, Cr,
Ni & Y409k 4.8 ~332.9, 18.5 ~66.8 .
8.1~32.0 mg-kg™".
1.1 SHIME #%Y

SHIME #AIHEE | /N7, T4 . Bgs
K4k 5 BB ZHi T SHIME B AL 1 57
i T — & EE " AR S sk T —
% 28 2 By B ARy £ (et K —-FRARE M

HERZEMZY) . R ER  EMHED T
3AGERAIYBE. BERE A 3 U LR IE 25 1 L
AEYIEALE)E SR, SHIME #80 [ Zhi8 % pH, f% J1 9
FEESUEATOERE 3l TR A IR A AR 37°C (1 1E
TRAOR R A RS 15 min DURIER A RS, 28
it 3 ~4 SR R YRR R B E T TR
SL5055. SHIME B & IR 2 S48 SCHk[ 13 ].
1.2 in vitro 5258

ARG in vitro SEH T 15 EEL5 A PBET
D5 R SHIME BE7Y | Hy 3 /4> 4 2 1 B BEZHL B, B
BB, NI BOREE I  B, AR E A BRI

(1) BHRrB BCHIEELE W (N NaCl, Frig
g, SERR | FLIR . KO TR . B E RS, I kR
ks pH (EIRH 1.5) Bt 60 H i i) +-34% 5 (0. 3
) ML B (30 mL) LA 1: 100 f EEBIR & T 50
mL B0 N, BRI 2 NFEAT. BT 37°C, 150
remin " FUEIRIRZIT. 71 h HTJ', HLS mL b
W, 1 0. 45 wm JEME 4°CLRAFFREDN.

2)/NMak B BBrEJE, H NaHCO, ¥ AR ¥
BN pH VA2 7.0, I A BBl HEE k28 T
37°C,150 remin ' AEIRIRG AT, FE 4 h BFIRIRCS
mL SV, 3 0. 45 pm JEFE  4°C IR AR

) &b B W /NH I 2 100 mL R4
MR, N SHIME #78 (14 B 2% iy [ B W% B 2 12 )
RS, 3R 1:200. HE5E A RS 20 ~
30 min PAARIE IR A 2% 1. 4k 2 & T 37°C, 150
remin ' ATEIRIE AP, fE48 h 5, WHL S mL [
M, 3% 0. 45 wm JERR, - 80°C fR-AFFIN. 4 K Bt
AP AT PR TR TR DL SR [ 7]
1.3 Bt ik

K SPSS 18 (IBM) #i1 OriginPro 8 X ¥ #& ¥E4T
3T

2 HREH

2.1 BB E SR NSRS SR A
AT

T3 G R R MRS O O AR AT
AR (F 1), HHE, 3 Cd, Cr, Ni BY%f#
SERESMHN2.3~142,3.4~50,3.1 ~4.4
mg-kg ™' T HAE Y ] 5 VESY R 4.3% ~94.0% |
6.4% ~21.6% . 11.3% ~47.3%. M EBFI /N
BB, 13 Cr FNi B9 ] 4540 5 B B B AR —
ol —E e, P R R AR R 2. 2
fEAL 5 A%, T H3Eh Cd 1/ N By BB A= 9 ml 21
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FERT 1.4 ~1.6 f5( T 13 2 AR, i
B Cd 76 B B B4 AR W mT A e B, A ik 3
40.6% F 28.5% ; T Cr B 4= ¥ vl 45 Pk 3%, X

12. 1% F116. 5% . WIMES B, 131 F12 H Ni
HYAE D] A Cd AT gk (H 38 3
~5 BEIH Cd B AAT Cr BRI A= ] 254

R1 TEHEEMER (n=2)

Table 1 Basic characteristics of the soils (n=2)

T T EERiIN . ZHHRL( Clay) FeO”_ MnO'i A10'>_ Fe_] Mn_] cd | Cr | Ni |
(OM) /% /% /ekg™! /gkgT! /gekgT! /gokg /g-kg /mg-kg /mg-kg /mg-kg
I IR 3.9 2.2 3.3 50.2 0.1 0.3 129. 4 0.6 33.1 18.5 8.1
2 TR 1.7 3.1 8.0 29.2 0.5 0.8 66.9 0.7 332.9 23.8 16.2
3 RN 2.5 7.6 19.3 11.4 4.4 1.5 51.2 8.5 31.0 42.7 21.4
4 HIEERRM 3.7 5.6 3.1 3.4 0.1 1.3 22.3 0.2 5.3 66. 8 27.6
5 RSN 0.9 5.8 31.3 0.8 0.4 0.5 35.5 0.5 4.8 54.4 32.0
1) B - R PR B AR IS

2.2 Bt ED SR TR AR 4k
ZilmbrBe (£ 2 MK 1) -4 Cd,| Cr, Ni B9%
RS RSN 1.4~91.1,7.1~15.5,4.5~8.1
mg-kg_'. +3Ed Cr A1 Ni AW 0] 251 2/ oy
By 1.3 ~2.4 f5F0 1.0 ~2.1 %, o k8 T
17.6% ~38.7% F125.4% ~56.0%. +3E Ni 45

B B 1 25 A W AT 5 B v (36. 6% ) . /N B
PGB BE, B T 1358 3 fn 4 4h, H3Ed Cd iEY
AR T 1.9 ~3.9 7% Rk, +3E1, 2.5
o 3 Fh 4 JE JC R AR LS I B B A mT g S T
T RN, B EYRSE T g Ce T Ni
(3 BT

R2 ITENEETREEGNRNBABRSEEREYTENE (n=2)

Table 2 Dissolved concentrations and bioaccessibility of soil metals in the colon phase (n=2)

e Cd Cr Ni
A B B A B
1 8.1+1.3 24.5+3.9 7.1+0.0 38.7 0.2 4.5+0.9 56.0+10.7
2 91.1+1.8 27.4 +0.5 7.7+1.0 32.3+4.1 6.4+0.5 39.4+3.0
3 5.4+0.2 17.5 £0.5 11.2£0.6 27.4+1.4 7.9+0.3 36.9+1.4
4 1.4+0.1 25.7+1.9 11.8 0.9 17.6 +1.4 7.0+0.1 25.4+0.2
5 3.0x0.5 62.5+10.1 15.5+0.2 28.5+0.4 8.1x1.2 25.4 £3.8

1) A FORIEIHSWEEE (C-D) (mg-kg™") 5 B FRREYTTEME(C-B) (%)

2.3 HHWRBLRIHT

X AR A B SEABALE BT, L 3 Bl m
TLERAEL I B BRI i 25 i R LA Wl 28 PR AT
FHSRAE T, 2 N R A R AL AR 3. m] L, Bk Ak
Y. TR Fe 5 Cr Ni AWl 25 | W 2k
JERIEACHE; 3R Cr, Ni S HAEY T AR 7
FASCME; 58 pH 5 Ni AP AR 0 B 52 TE AR S,
BeAh, 3R R Cd 5 A AR TR S IE A G

3 itig

3.1 BaBremoc Rz Yl gk

AN EH Cd, Cr. Ni B9AEH ] 450k 22 AR
K. AWEFEh, L3 Cd A YIa] 4 TETE B BB
i, /N B Be i A= Bl 25 PR XS T Cr 1 N,
/N B A AT g PR T B T BB BeAh,
LR Cd 7R S Wy B2 AR Wl g5 v e (H
Cr (AP Al S5 PR, ISR 5 Z G T R

GBI YT S R ST R AL T e
GIRICRAE B B B AT S 2 R RS L
PRI (135 pH | ROk, A LT, BRAR SR ALY
S5) 1 in vitro Z%0 (in vitro pH | [ER H | 155 B4 1 []
EIE S AL

AW W oR A B A P B R R
A RESHEIN Ni (RS e X AT RESE 1 1 P Ni
AT EE  IRR. Ni AR A S 4 g
BNI AR AR R 2 U DCHE L e RS sh
HHESHEMKKLR, LT (VD) M
FEPE SR T Co( ) . U4, 4 3 A BT % Wi
wh, SRR A DL A R REAR, HX Cr, Ni 1Y
W BEBE FTREAIR . Cd M AR E S pH A AR K ¢
Z,NE BB EI/NG B B, in vitro pH AN 1.5 FH1
7.0, 85 pH B, FLPTTE M PERE Cd 1% i
PERRAR™ . X AT RE S BUNG B BE Cd 1A T 4544
B
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Fig. 1 Bioaccessibility of soil Cd, Cr and Ni in the gastric, small intestinal and colon phases
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ARG, +HE Cd, Cr £ Ni 1645 B B B A4
WImT V4 1.3% ~62.5%  17.6% ~38.7%
25.4% ~56.0% ; iAWY Al v m T/ B
Bt BRT 33 fn 4 b Cd AW ] SRRSO , 25
SRR B Y n] AR 3 4 @ oo\ 133 [
FH_E PR X5 — IR GE 1B R P 8 Cd
Cr, Ni =9 g Phfsem). 3 & 8 S AW ) ik
B S A E 2 Cd | Cr, TN RSP, 451
W BOR DA T8 A ) 0 ik e AR F il Fe (D)
Ak A Fe( 1), ATREMGIN Fe MRERL, #E T FEAR T 4%
APt &R T R R RE ST X T BE R T Cd, Cr

FIUNI B3 82 Z /i B F 58, Van de
Wiele 22V Yin %51 % BB 38 S A= 9 T LUK As
(V)N As (1) , 2535 4 iz 18 T A= 9 ] RE 25K
Cr(VD 5N Cr(I) . TEA ST FE B PEAL 1458 %
5 T N B XU AN A O B R 2 Cr B
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A SHEBARKMER . ghlmbh By pH
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fit. HEDSENAEY TSR RERZZRMARSL  FEHNEER.
x3 BREZEMERMESHT (n=5)
Table 3  Correlations matrix for the factors (n=35)
oM pH Clay FeO MnO AlO Fe Mn Cd
oM 1 -0.261 -0.812 0.432 -0.099 0. 157 0.399 -0.037 -0.328
pH 1 0. 581 -0.832 0. 698 0.729 -0.745 0.672 -0.470
Clay 1 -0.576 0.332 -0.072 -0.413 0.294 -0.255
FeO 1 -0.218 -0.532 0.967 " * -0.172 0. 344
MnO 1 0. 660 -0.152 0.997 " * -0.131
AlO 1 -0. 605 0. 644 -0.081
Fe 1 —-0.099 0. 152
Mn 1 -0. 165
Cd 1
Cd-C-D Cd-C-B Cr Cr-C-D Cr-C-B Ni Ni-C-D Ni-C-B
oM -0. 346 -0.693 -0.079 -0.511 -0.049 -0. 495 -0.637 0. 454
pH -0.481 0. 080 0.712 0.763 -0. 666 0.718 0.885" -0.676
Clay -0.243 0.725 0. 308 0.797 -0.045 0. 628 0.753 -0.480
FeO 0.331 -0.428 -0.915" -0.898 " 0. 840 -0.974" -0.927" 0.969 * *
MnO -0.167 -0.407 0.019 0. 161 -0.091 0.035 0. 467 —-0.007
AlO -0. 106 -0.529 0.498 0.203 -0.722 0.329 0.533 -0.440
Fe 0. 139 -0.315 -0.885" -0.766 0.896 " -0.924" -0. 875 0.980" "
Mn -0.202 -0.442 -0. 006 0. 126 -0.063 -0.012 0.413 0. 045
Cd 0.999** -0.192 -0.550 -0.558 0.310 -0.367 -0.195 0.205
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Cr 1 0. 813 -0.924" 0.904 " 0. 706 —0.902 =*
Cr-C-D 1 -0.579 0.938 " 0. 857 -0.832
Cr-C-B 1 -0.766 -0.634 0. 850
Ni 1 0. 874 -0.971" "
Ni-C-D 1 —-0.852
Ni-C-B 1

1) = F/RBEME(P <0.05); * = FRP B EMEL(P <0.01)
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