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Bioavailability and Human Health Risk Assessment of
Potato Contaminated with Cadmium in Different Soils

ZHANG Jie, LIU Ke*, HE Xue, LI Wei, FENG Jihong
( College of Agriculture, Guizhou University, Guiyang, Guizhou 550025, China )

Abstract: The edible part of potato is contaminated by soil heavy metal cadmium and its bioavailability is closely
related to human health. In this research, the bioavailability of cadmium (Cd) in potato and the effect of soil available Cd
on potato bioavailability were studied in order to provide references for potato safety. '‘Qingshu 9', the main potato
variety in Guizhou Province, was planted in potted soil collected from Weining, Nayong and Fenggang, and the
bioavailability of Cd and available Cd in soil were studied by an in vitro physiologically based extraction test (PBET).
Under the cadmium pollution concentration of 0, 0.5, 1.0, 1.5 and 2.0 mg/kg in Weining, Nayong and Fenggang soils, the
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mean values of bioavailability of cadmium in stomach stage was 1.18%-2.87%, 2.09%-3.87%, 1.74%-4.54%, respectively; the
mean bioavailability in small intestine stage was 0.34% - 1.43%, 0.83% - 1.34%, 0.84% - 2.20%, respectively. The
bioavailability of potato was positively correlated with cadmium concentration in different soils in the three regions. The
bioavailability of potato cadmium was higher in stomach than in small intestine. The higher the availability of soil
cadmium, the higher the bioavailability of cadmium, and the fitting degree between the bioavailability of potato cadmium
(Pc) and soil available state (Scs) was very good. Under cadmium pollution, the bioavailability of potato in stomach stage
was the highest in Nayong soil, followed by Fenggang and Weining soils; the bioavailability in small intestine stage was
the highest in Fenggang soil, followed by Nayong and Weining soils. In the human health risk assessment, the health
risk index hazard quotient (HQ) of both adults and children was <1.0, indicating that Cd in the experimental potato had

little risk to human health.
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Table 1 Physical and chemical properties of soil

HuIX 435 pH E 2 Bl
Regional soil (glkg) (g/kg) (g/kg)
Total phosphorus  Total potassium

Total nitrogen

AL PR 52 peX:
(g/kg) (cmol/kg) (mg/kg)

Organic matter ~ Cation exchange capacity ~ Total cadmium

BT Weining 4.78 1.39 1.35 13.15
4% Nayong 5.18 2.14 1.44 14.71
RUX] Fenggang 7.41 1.71 0.75 13.46

24.51 17.50 0.65
44.55 12.30 0.47
17.70 23.90 0.41

1.2 MEIBRRF %

- A RS AR I E R CaCl i S B0
SERIME . SRR (SR . SRR . FhR) TR,
{1 FH ICP-MS I " - 498 FEAC B AR P 5 fg 000 ™
pH KA RALEIE K LR 2.5:1) 5 BB
K AR R R A A TE I A s 3 SRR P AR BT
Fo RN A 5 3 ML 5 R P A R B A o
PN AGE I E 5 434 HUH A R T R
PH T 224t (CEC) RS BRAN— X MG BE I o
1.3 Invitro NI BFERLALE

FIF Ruby S84 H 19356 5 v (PBET) i 47
B AR N7 8 X T8 ST Ak, PBET BRI 13
A R UE .

BB AR BO 1 LB E W (% 0.15
mol/L & L8 . 0.50 ¢ 3R . 0.50 g #r 5 IR .
0.50 mL VK Z R F10.42 mLFLERZ ), FH 12 mol/L ¥k
HCLIE 95 pH 2 1.5, JEMA 1.25 ¢ B E M. ¥

N

LW, IFET37C, 200 o/min  KIGTRZ 2. 1
hJ, AR B0 Fh I B 10 mL S W RS 2o
0.45 wm VEME, 4°CIRAERRIEE & &

NGB BEE AL R . 19 50 mL B0 A SN
NaHCO 83 ARG W pH I 2 7.0, A 0.018 ¢
JERBE A1 0.06 g IHEL , HE AT AIF RN 4 he L
P, AR 30 min MLEWEIN SN Y pH, 455
WIAEA 2%, W 12 mol/L ¥ HC1 8¢ NaHCO,
Ky AR X AT IR Y, AR UERR 2 09 pH #E 17
Moo 4hJE, WHC10 mL W, 2 0.45 pm JE
JBE, 4CORAFREINAR & 5o Bk R Ab Y
EREERE3 W, FRUER A 1CP-MS Il E .

1.4 HEF*E
1.4.1 4aeh A T4t

e H BB Mg Y B A T PR TR

BA(%) = (CyViy)/(CsMs) x 100

K, BAREWAEY RSN, %; CovRin
vitro TR (1) B B B 5k /N i B B I 0 45157 00 9 v 49
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IR ASHEE , mg/L, BIICP-MS & ; Vi
HEOE NIRRT, L, A5k 0.03 L;
Co N DR ERE P AR B, me/kg; MR
ABOERN SR SRR, kg, AXEH
0.000 3 kg.

1.4.2 L4 ZE W Cd et R 71E

L E h ) Cd B H % 5% & (Average daily
dose, ADD)AYIH .

ADD = C, X W, X BA/W,

K, CON B ERES T CAIVREE, mg/kg;
WoE T N RIHFER 4 A&, kg/d; BAZ
Nz BB Cd ARl 25 s W, Dy AR N EL B
EBIRE, keg; BUAE D FRYIKE R 66.2 kg';
6 % WEIMIKE N 23 kg™; BN R GHEREA
R 100 g/d, JLEE Hy 50 g/d>,

s B Cd 1 {3 XU 48 $50/6 5 7 (Hazard
quotient, HQ)JI1H .

HQ = ADD/RfD

K, CAIZSHFIE RID 4 0.001 mg/kg « d”',
WHARHQ > 1.0, ud B 1% T 4% 250 i A7 7 1 )3
N e I e N S Y A NES AN B PR T}

FH/N B B Cd 2= 0 mT 455 1 245 SR ke 1 380 N ft
o LS o
1.5 HiESH

K DPS 7.05 % AHOCH U A7 22 5 Wk 2 M43
PG SR 2y 22081, AR /N i 3% 22 5%
2 (LSD) Z T L #5], Excel 2016 #4754 % 3 A1
Origin 9.2 72z

2 HER50H

2.1 SREMEYFEESN
2.1.1 RRAEEAGT J T LA M T
BT SRS YT R A A T A A
BB S/ B B A= m v iR 1 R, AE
BB, MEHE RN 0.5, 1.0, 1.5 f1 2.0 mg/kg
W, A= Ar 25 A CK AR PR (0 me/kg) 25 57 8 3,
HU# 2 ) 2 5 B3k B K5 /NG B,
MERMRIE N 0.5, 1.0, 1.5 F1 2.0 mg/kg i, 4=
Py 0] 45 P 5 CK (0 mg/kg) Ab BH 22 5 3K 51 8 3% K
V-, HA ALY LR 22 5L AT, SRR
B B Bt K/ B B i) A2 RT 25 M S RS e vk
R EAH G

BT BB (%) Weining stomach stage
NFEH B BE (%) Nayong stomach stage
JAixi B BB (%) Fenggang stomach stage

5 BT /N B (%) Weining small intestine stage

NHE/ NGB BE (%) Nayong small intestine stage

Jis /MBI BE (%) Fenggang small intestine stage
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Note: Different lowercase letters represent significance at 0.05 level.
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Figure 1 Bioavailability of potato under different cadmium contaminations
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YR - RIS Y X TS S A R M
BB S/ N BT G R, FE
HE B, MEWE N 0.5, 1.0, 1.5H12.0 mg/kg
BF, B8 A W] 454 CK (0 mg/kg) b B 22 53k
WEAKY, H U Z 0 2 50k B E K A/
Tl B, M4RuE N 0.5, 1.0, 1.5F12.0 mg/kg
F, AW AT 24 A CK (0 me/kg) 4b i 22 573k 5]
FOKV, BN B EEES, Fef, b
RIS YRE I, AW el AR

JRUIK - S84 75 Y T X S S AR AT 2 M
BB 5/ B AR Rl g an B 1 R, A
BB, MEWE N 0.5, 1.0, 1.5f12.0 mg/kg
F, AR A AT 25 P8 CK (0 mg/kg) Ab 30 22 5 Hy
WEKY-, HHEZ R 250K B E K A/
Pl B, MR 0.5, 1.0, 1.5F1 2.0 mg/kg
F, AT 25 P8 CK (0 mg/kg) 2 3 2% S ik 5]
FR, HAS AR FR ]38 WL 2 25

B LRI, B AT S T ek
NP
2.1.2 4F R T ARNRDAZ A THH

BT ANEE L RUX] AR B B AR AR
Pral i 1 s, AR EEVER T = A b
X Z [ A= nl 25 Pk 22 S 340k 8 i 2 K7, MRk
JEH 0.5 mg/kg B, 80T 19 AR 40T 25 K F JRUXT /N
FYGE, FE5IH 4 FhEmuk BEAE R BT i AR T
SEPEXR T AN ZEFN RN 5 S5 2R 2.0 mg/kg B
AL X AR AR AT PR R T R R, R
XI . ZNZE IR T 2 9 R 4.54% . 3.87% F12.87%,
R ah gt 0.67 A~ E 43 A, Ba T i 1.67
ANE SR AR B AR ] 25 S 2 4 )
J92.98% . 3.02%. 2.158%, I H M\ #& 14 Ui 55
EE B B A e R g R, UKk,
J& T e

BT AR RUX] R N B B A
AT PRI 1R, BRSO me/kg BiF, XL
MMPgEZ R EFARE, BHERRTER S
2 WWEER05. 1.0, 1.5, 2.0 mgkg B, =4
iy X2 (0] A A 25 1 22 S 340 1 B KO ARk
FERO. 0.5, 1.0, 1.5 mg/kgif, BT HIAEY AT 24
PEX/INTORZEFNRX] 5 SRR 2.0 mg/kg Bf, =

A b X5 A A= T 2R MR B T B ORAEL, KUK
PREFN LT 43 BIH 2.20% . 1.34% F11.43%, KX
AN 0.86 1N F 4k, BT R 0774 E
A3 Ry A M DR Y AR W AT 45 R Y 4E 43 0 R
1.22% ., 1.10% . 0.89%, FH M IEN {5 78 /N
W B B i A W al S e MUK ek . g2 .
T/
22 BUEENDRERNEWATA RN

BT g AKX B BB Cd A T
AN 1.18% ~2.87% ., 2.09% ~ 3.87%. 1.74% ~
454%, /NaBTBe Cd WAEY AT 45YE53 318 0.34% ~
1.43%. 0.83% ~1.34%. 0.84% ~220%, B
B VLR 4> B 5.64 X 107 ~ 0.13 mg/kg, 1.43 X
10 ~0.11 mg/kg, 115% 10" ~8.80 % 10 " mg/kg(F2).
BT ANEE . RUX R AR B AR T e
it (Pe) 72 B B B FUN7 B Be 5 580 808
i (Se) Al W R, LA R EE R AT,
Hrh gl IS U0 Jedy, B B BOR /N B B
Ry A3 7 0.99 #10.98, Hyk 2 RUX 4 5
JEEUT R, XERAK R DA B R A el
ZRVETE B B Be AN B B S - A ROSR
TEAHOC (K 3) o H AT 0 Bl B 0 T e vk Y 3
K, ARSI E AP a] 45 PR3 KA a3 —
H, VIIHARCSm RS, SREAY AT A
R .
2.3 NEEEREITY

25 BN B B AR B AW AT SR RS T
Fie A IR AR B AL EE Cd i 5 H 22 8%
it (ADD ) I B RS 48 £ /e F /s (HQ) (R 4) . W
4 0T H N ADD 35 [l R 2.41x107 ~2.89 %
10 mg/kg + d, BLA HQ MYIE [l hy 2.41x10™ ~
2.89x107" mg/kg - d, JL# ADD (1)1 [l & 3.47 %
107 ~4.16x10™ mg/kg - d, JLE HQ 13 [ K 3.47
X 10 ~4.16 x 10" mg/kg - d, A W A F1JL#
HQ ¥ < 1.0, UEWIRFWREETS T S8 BN
() Cd X A AR e it R JRUBS: 470N

3% #®
GIEE ORISRt 2T S B e )
fE O e LA P A Y, A A5 S
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Table 2 Descriptive statistical analysis of soil available cadmium and potato bioavailability
HoIX -5 s HRAHR IR E (%)
Regional soil (mg/kg) (mg/kg) Bioavailability
Cd concentration Available cadmium B I B
Gastric stage Small intestine stage
BT 0 5.64 x 107 1.18 0.34
Weining 0.5 8.26x 10 2.06 0.78
1.0 0.13 2.10 0.83
1.5 0.13 2.58 1.05
2.0 0.13 2.87 1.43
S5 0.11 2.14 0.89
Y7 0 1.43 % 10 2.09 0.83
Nayong 0.5 4.18x 107 2.53 1.02
1.0 6.78 x 107 2.95 1.11
1.5 9.31 x 107 3.65 1.20
2.0 0.11 3.87 1.34
Py 6.59 % 107 3.02 1.10
JRUX] 0 1.90 x 10™ 1.74 0.84
Fenggang 05 480% 10 2.02 0.97
1.0 5.90x 10 2.84 1.01
1.5 8.80x 10™ 3.76 1.09
2.0 1.15x10™ 4.54 2.20
1y 6.60 x 10™ 2.98 1.22
R3 TEAUSHSORELEMVAENEXSH
Table 3 Correlation analysis between soil available cadmium and potato bioavailability
i IX -3 BRI B [l Jr R P
Regional soil Simulation phase Regression equation
BT B BB Pei=15.688c+ 0.47 0.77 P<0.05
Weining
I B Pea=9.285c - 0.11 0.70 P <0.05
MY B BB Pei=18.918 + 1.77 0.99 P<0.05
Nayong
I B Poi=4.845c,+ 0.78 0.98 P <0.05
R H B Per =3 112.20Sc + 0.93 0.96 P<0.05
Fenggang
I B Poi=1262S+ 0.39 0.71 P <0.05

TE: Poch SRR DI AT Sit, Se o TR MG & L

Note: P, is bioavailability content of cadmium in potato, and S is available cadmium content in soil.
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Table 4 Health risk assessment of Cd in potatoes

- Cd e B L
HiIX 148 Adult Child
. . (mg/kg)

Regional soil N .
Cd concentration ADD HQ ADD HQ

B 0 2.90x 10” 2.90x 107 4.17x10° 4.17% 107

Weining 0.5 9.74 % 10° 9.74 % 107 1.40 x 10 1.40 x 10
1.0 1.64x 10 1.64 % 10 236 %10 236 % 10"
1.5 2.12x10* 2.12x 10" 3.05x 10 3.05 % 10"
2.0 2.89% 10 2.89x 10" 4.16% 10 4.16 % 10"

4% 0 1.79 X 107 1.79 x 107 258 x 107 2.58 x 107

Nayong 0.5 6.44 % 10° 6.44 % 107 9.27x 10° 9.27x 107
1.0 1.12x10* 1.12x 10" 1.64 x 10 1.64 x 10"
1.5 1.69 x 10° 1.69 x 10 24310 243 x 10"
2.0 228 % 10 228 x 10" 3.28x 10 3.28 % 10"

KU 0 2.41 %107 241%x10™ 3.47 %107 3.47%x10"

Fenggang 0.5 7.03 x 107 7.03 x 107 1.01 x 10° 1.01 x 107
1.0 9.00 x 107 9.00 x 10™ 130 % 10 130 % 107
15 1.45% 10° 1.45% 107 2.09x 10 2.09% 10”
2.0 3.82x10° 3.82x10° 5.50x 10 5.50% 10°

H: ADD S H A i (mg/kg - d); HQ R EUEER .
Note: ADD is average daily dose (mg/kg + d); HQ is hazard quotient.

A CAWREERSEEAEIT . BT 13 ERbE T S5 5
2L Cd &M 5.64 X102 ~ 1.34 X 107" mg/kg, 4N
P4 ol 1.40 X 107 ~ 1.12 X 10 mg/kg, KUK 1
B0~ 1.21 x 107 mg/kg; k¥ GB 2762—2017
(B AL EZARE B 5T e IR ) B A AR
WES, NZE 3 F 2 Cd W EEAL R 2.0 mg/kg I,
LS EYE Cd & Rl B R 4 FREE 0.1 mg/kg,
BT Y Cd e B AR 3 1.0 mg/kg B Eh S
BHCEECd AR, MRUX g8 bR 0 S5
HZE Cd et R AR, A K E SOkl B4 %
B HBOLCA BRI/ > 2K > i > Pz,
1M A I B R 45 SR v A, S BRI A T 4
PETE B B BRI/ B B 5 5 75 Gl vk BE SR OE A G
PE, X RN TG Ye v BE Pl AR Wy nl Za vy 32 2
R, @is i m 3, Hamm Ly
PR, X K T B ST R OE S A R — 2, Bl

B CAMRERSIN, TR AR AR Cd F i
BTt HER YR (AT R4 ) A A X R Y
Ve, XERNES B AR EYREF,
WRETE B YR M AYOMENT,, T AR E
o AR aigE . BT R 3 BN
1 i B %) A 40 mT 2 9 BB 43301 R 2.09% ~ 3.87%
0.83% ~ 1.34%, 1.18% ~2.87%. 0.34% ~ 1.43%,
1.74% ~ 4.54% . 0.84% ~2.20%, 15 i ™ 4% 555 1y
Ay nl g PR B B B e e AN B BE e, LR/
B Bt AR AR S5 55 e I B AR AL A F AL,
W - 3967 4 DA B AR B AH 2 — B A T AR TR
PRE R, ARARAZSEPIRE ST AS T Cd A AT 25 1k
B R31%, FEHHTRERE0.6%, 545
W a5 R —B . PRGRAEE AT I AT
B B B A el 45 0E R 72.73% ~ 82.60%, #E AN
Wb BeIE . SRR A AR W AT 25 PR AR B R 2
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22.8% ~27.7%. W5 ME 4SS 54K A [F{H5
| I SN i L O (g i R S = VR e g
(Zn. Cu. CdFIPb)7E B BB A AT 45 PEER 5
g 210% ~4828%., 484% ~33.73%. 1604% ~42.81%.
1.81% ~1571%, /NaBYE: R 205% ~3691%. 13.17% ~
2223%. 10.19% ~23.10%. 0.60% ~2.69%, & K Btk
VIl AR T/ N B B, S AR IR B9 45 R E
UFAHI, ATRE A PR R R A 5 A 2k 1 e A ()
FUA ] b X+ BERRIRAE I SN R 8 Li 0
ME AF 2R L H )R Cd YT 41N
60.9% ~ 99.4% , A 55 B A5 A= ) o] 25 PR
60.9% ~ 94.86%

HAJE N EY G /NT 100% , H Ul
B I 2 1 30 4w vl i A AR TH AL RS0
i, T ES R S EIHETT R PG AT RS m Al H
BRSS!, SA 56 ) 3 RS AT S A
Yl PRI, S AR E S E S S
LRI ] MR IEA G . XU A RS
XTSRRI A AT s e R A, T
AR  E, SA ER 0Y LE ) AT 4 1
. X SRR A R 2, R
S, SR SREEYEYTAET S,
5V AR M T B R 4 R — B, RS
WEES HIEARGE G R RRNIEMG, 15
MRS T EANCEREIEMAR, SEREENE
YImT A P 2 IEAH G, Fr DL SRR BB Yl 45
PERT BB A2 LI DR A RE N, X AT RE 2 K M AR Y T
AEWISCR P 0 02 A OGS AR, TR ) ) E 4
R NABEMER, USSR T EHRERNEY
AIZEPES IR RS R IE ARG

RS A E A R e, X HES
J& B R KBS s A L 2, REREVMR T
AN TR) 77 1 SR K R o 4 R AR AR R NG D A S
EHAROR $5 TR B B A g AU, XU PR A
SR S35 e 1) S AR £ 53 R (B (HLD 43
B4 0.799 F10.714 , AL A AL EE () HI /N F 1
(HI < DRGSR B4 )8 & b T i,
A NP AR RS, JF BRI S HIR A &
& & A AT 45 TS AR BB TR 4 R R T A g
PR 1) ] W S0 R v i 4 e i AU, S A SO

PREE R —3, BT ARA N 4R 5 e X T
WF5E, WERZEER) RSN S Bk (IVG) M f T E 4
J& 15 Y 19 Tl 3 3t A 33 6k A (A Bkt i %) XU R T 5
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