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ABSTRACT: Objective To detect the content of Cd, Cr, Cu, Pb, Ni and Zn in potato and its root soil, and evaluate
the human health risk of heavy metal in potato produced in the potato planting experimental field of the Qinghai
University Academy of Agriculture and Forestry Sciences. Methods The samples were pretreated by graphite
digester, the content of 6 kinds of heavy metals such as Cd, Cr, Cu, Pb, Ni and Zn in potato and soil were determined
by inductively coupled plasma atomic emission spectrometry, the pollution degree of heavy metals was analyzed and
evaluated by single factor index method and Nemero comprehensive index method, target hazard quotient/total target
hazard quotient (THQ/TTHQ) was used to evaluate the health risks of single and compound heavy metals intake of

potato. Results In the study area, the single pollution index of 6 kinds of heavy metals in the soil was less than 1, and
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the comprehensive pollution index was less than 0.7, which did not pollute the soil. In addition to Cu and Zn pollution in

potato, Cr and Ni pollution reached the light pollution level, Cd and Pb pollution reached the heavy pollution level.

According to the bio-concentration factor, it was found that potato had a certain enrichment ability for Cd and Pb. The

single health risk index and the compound health risk index of Cd, Cr and Pb ingested by adults and children due to

potato consumption were both more than 1, which had health risks for children and adults. Conclusion The pollution

degree of heavy metals in the soil of the study area is low, and the residue of heavy metals in potato has hidden dangers

to human health, this study can provide a methodological basis for field experiments.

KEY WORDS: potato; soil; heavy metal; pollution assessment
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Table 1 Descriptive statistical results of heavy metals in soil

JEE  FERE SRUEE/(mgke)  PWMH/(mgkg) ARMEE/(mgkg) ERREBU%  LHETSE/(mg/kg) KUK TR/ (mg/kg)

Cd 50 0.01~0.48 0.08 0.07 0.87 0.38 0.60.00

Cr 50 50.90~70.50 63.17 3.55 0.06 44.37 250.00

Cu 50 23.10~29.50 25.75 1.41 0.05 18.20 100.00

Pb 50 16.35~20.80 18.47 1.03 0.06 63.96 170.00

Ni 50 23.50~29.85 26.66 1.42 0.05 7.98 190.00

Zn 50 63.05~142.65 74.55 13.89 0.19 58.03 300.00

FiFE2 011, F4JE Cd 5 Cu it B2 6UHIE(P<0.05), 5 %2 TMELEAEZEGRRBIELS
Eﬁﬁi/ﬁﬁﬂjﬂﬁﬁiﬂiﬂa>0.05), P Cd 1 SRR R T Table 2 Pearson correlation between soil heavy metal content
TSR, Cd FHG R AP Y, iy A, POMLR cd & Cu Ni P 7n
KRN, TR 1 HERE R, 4 2 ] cd :
TELENL B 2 IEAISEER A Ni-Cr . Ni-Cu., Pb-Cr., Pb-Ni. Zn-Cr. cr 0023 !
Zn-Cu. Zn-Ni. Zn-Pb, BAHILL I 5 R4 RIS AT A Co 03107 018 1
RIS IR 7, FTRR AT 2 A5, N 008 0sIE 06T
Pb 0.233  0.776** 0.221 0.809%** 1

23 TEEESERSHTENER Zn 0259 0.372%*% 0.655%* 0.485%* 0.450%* 1

MR X I E L BIG YN S R UL 3 s, TE: #P<0.05, HISEME B2 #*P<0.01, MM B2, T SHIF.
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Table 3 Evaluation results of soil heavy metal pollution

JLE PGSR R SEATEEE T S/ (mg/kg) HRE% AU 1/ (mg/kg) BRI %
cd 0.13 0.38 2.00 0.60 0.00
Cr 0.25 4437 100.00 250.00 0.00
Cu 0.26 18.20 100.00 100.00 0.00
0.32
Pb 0.11 63.96 0.00 170.00 0.00
Ni 0.14 7.98 100.00 190.00 0.00
Zn 0.25 58.03 100.00 300.00 0.00

VE: DR G w2 i A T L SHE MR AR S, IO IR 4R

fi# 3 A[H, Cd. Cr, Cu, Pb, Ni, Zn HJFAIF{5 Y
FEIINF 1, AT YRR 032, LU HIEE 4R TS
YL M b T2 4K B4R Cr. Cu. Ni fll Zn XHF+
A SRR R BIAE T 100%, {H3 58 5 4 F 1%
¥ Yo SRR O Ve (L, % R DX BRI A Tl A7 7, HE 0 AT
RVETF AR . PKIES, AALAE A AR A it 52
P, R R AT e il N 2836 20, WA ZE ) R & A 5
B S TR R AL 2 O A R TS ek A TIE .,
TRAED 2 4 3
24 SRESEESEWAMSIT

5T X Th 44 AR S S0 0y, FEARTPAYE 4R Cd.Cr.
Cu. Pb. Ni Fl Zn &5 I E AT A4S R W3 4.
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Table 4 Descriptive statistical results of the total heavy metal
content of potatoes

Seg R oL S e RRRE REE

/(mg/kg) /(mg/kg) /(mg/kg) /% /(mg/kg)
Cd 50 0.02~2.41 0.16 0.33 2.06 =0.05
Cr 50 0.29~3.64 0.79 0.47 0.59 =0.50
Cu 50 0.32~1.74 0.99 0.40 0.40 =10.00
Pb 50 0.24~3.87 1.88 1.14 0.60 =0.20
Ni 50 0.07~2.37 0.50 0.37 0.74 =0.30
Zn 50 0.72~3.41 2.33 0.74 0.32 =20.00

FHER 4 AT, A S A A 0 TP EE 4 R A 38 B
¥ R/NH: Zn>Pb>Cu>Cr>Ni>Cd, H, B4 )8 Cd. Cr,
Pb i Ni V345 DS R E, B AR50 5
33.200 1.58. 9.4 F1 1.7 %, HARWIFESE Cu fl Zn i
L A B YA R R HEOR, BRENRIY Pb &H
JUHE, CdIRZ.. TiE X T EHHE 2 LR 4R T
BT 2B, Pb Al Cd A HE R T - 8 S E AN e,
P F2 4K, R TN Po F1 Cd  —E W E £ W
WehE Ty, X S ERER SRR T 4 R — 5

g R X T L 0 XU 7 L (L A 6

25 ODYRESSESEEMEXM
W X Th B4 28 4 Ja i 2 B AR e AN 5 R .
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Table 5 Pearson correlation between heavy metal content of potatoes

HEBOTE  Cd Cr Cu Ni Pb  Zn
cd 1
Cr 0.898%* 1
Cu 0.942%% 0.664%* 1
Ni 0.435%* 0.942%*% (.808%* 1
Pb 0.841%* 0.949%* (0.810%* 0.965%* 1
Zn 0.869%* 0.409%* 0.588** 0.359* 0.457*% 1

FH 3% 5 FIAL Ni 5 Zn 2 B EHOCHE(P<0.05), HpRE
& )8 Z [ A AEAR 3 IE A DG (P<0.01), R B EHE
£J& Cd. Cr. Cu, Pb, Ni, Zn HAKEFEWEY:, BRT
VG T Hitth -3, | B EEY PR &2 5 1
Pt S AR i Sk T - 4 A R SRR
[ Th S T A A O R ARG TR A SR, REH LIS
26 SREFEEGRFIFNHER

W5 IX D44 2 4 RIS YT 45 R W 6 iR,

*o6 DREEERFRPIMER

Table 6 Evaluation results of heavy metal contamination in potato

i3 Eﬁﬁﬁ@’/’k é?ﬁfﬁm FREE  BRE EERN
EiE ¢ iR /(mg/kg) 1% 1%
cd 3.20 <0.05 78.00 2.00
Cr 1.58 <0.50 80.00 0.01
Cu 0.10 6.91 <10.00 0.00 0.04
Pb 9.40 <020  100.00 0.10
Ni 1.70 <0.30 74.00 0.02
Zn 0.12 <20.00  20.00 0.03
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BRI O, AT A, IR KO B B i T R
JE A 2F AL AR 2 i Th B AR K i Cd Al Pb S5
e R, WHEECI R S A LA BAR L, i
i i F XA HLIE L2 G IEA M T b Cd e 2EFZE
MR E AR, EA BT P AR R ABIRER T
Pb AR 100%, PHIH R i 45 3 P9 Ao JES it P 4
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Table 7 Target hazard quotients of heavy metal in potato

HEm G C

BIvE 3 B4EN THQMHE  JL3E THQ
/(mg/kg)
cd 0.16 1.01 1.10
Cr 0.79 1.33 1.84
Cu 0.99 0.16 0.22
Pb 1.88 2.49 3.26
Ni 0.50 0.16 0.21
Zn 233 0.06 0.10
TTHQ 6.73 5.21

3% 7 ATAL, ZAPR X D E R E 4SS Cu, Ni Ml Zn
HLE ML THQ {HI/NTF 1, RUIZWF5R X D42 L
B3 A —TE A R RS AR R A g, T 4R
Cd.Cr #1 Pb X JLEEFSAE A THQ{EI KT 1, $iBH Cd.
Cr 1 Pb XL A AE A AL — 8 A fa R XU, 3 55 X1
FELEDI s 45 R — 5. EL BRI ILE G RAE AW
TTHQ B3 51K 6.73. 5.21, ¥ATF 1, BEBHIZHISE X 4%
HPORA AR 2 B A R AT YK R, RS

NBESAAAE W R R A RS, A R Ix D e
X AAHE AP BE RO

3 HFie5iie

ARWFFELEREY], DEERMAILE W b E SR
Cd A1 Pb P& R 568 56, Cr. Cu. Ni fl Zn
A B R S, (AR GB 15618—2018
HRRILE ) XU T (. DR R 5 JedR SR N 2 45
BTG YA BT, 6 FhEE &R TS YOKF R 2, xite
H 82 rh Cu il Zn AT T4 S 2L R 20K, Cd.
Cr. Pb fll Ni P&l DR EHE Rl HORE
1 Cd. Cr. Pb ) THQ 1 TTHQ KT 1, X AMELELER
P R LS o ML B R T, RIS XS Cd HA
BRI E SRR, FIRE Pb.

AR, BIR Cd A Pb7E LI & KT +
W S AE AT A, AbTF 2Kk, (A ETE 4 2 rp
B m I A R PR R, R A X L e
Cd 1 Pb 3 Wil 42 J@ A3 SR A RE oy, sl DO d it
SR, Wi Cd 1 Pb & EAYBEIN, A LT
Cd F1 Pb W AW N Rk, HEMZIAEE H e
LRI RA A RES FECLREM . K0 BRE R
e Y i T B SAREBR G L, it X i R g
H O E AR E WESE S Y T, B4
B ERG R, EYR RN ESE S S e A
AT 25 NS Ag e v e fe 5, A Cd V5 4 T i3 I
F LR B R, R, T AR A B R4 IR,
THES T E 4R Cd A1 Pb W . A A R B ep i A
L A FALRE T EIR AR BT 7, 2T S48 050
i, IR XRS50 . WROBCHIL i AR SRR BRI )
BEELSBIGYEN L, NSDZRRRS L0
Hihts, PR T,

SE

[1] BRI, R TSR Cd &R 52RE T Cd & i I9AHSE).
FLMARE, 2016, 44(5): 625-628.

JIA XY. Study on correlation of the cadmium content between soil and
leafy vegetables [J]. J Shanxi Agric Sci, 2016, 44(5): 625-628.

[2] WU Z, CHEN Y, HAN Y, et al. Identifying the influencing factors
controlling the spatial variation of heavy metals in suburbans oil using
spatial regression models [J]. Sci Total Environ, 2020, 717: 137212.

[3] BAHREE, $hoT. TG e T XhihsR A i AR B R TS ]. A E
2R, 2020, 37(2): 92-95
ZHAO JH, FU Y. Study on physiological toxicity of heavy metal ions to
rape seedlings [J]. J Zhoukou Norm Univ, 2020, 37(2): 92-95.

[4] ERfR, w23 DRSS LA 4 FEGREEERIIMER]. PEK
2RI, 2020, 36(2): 10-17.

YAN Z, PENG Q. Absorptive capacity of potato varieties to four heavy
metals in soil [J]. China Agric Sci Bull, 2020, 36(2): 10-17.



%5 23 3]

B EAE, % TR E P T G S A R B A XU A

9155

(3]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

BT, sRHk, A5, A o E DA R SR B B[], Al
JEH, 2017, 13(1): 25-31.
HUANG FL, ZHANG L, LI XD, et al. Development situation and

countermeasures of China's potato industry [J]. Agric Outlook, 2017, 13(1):

25-31.

I, HEE Cd\ Zn X B EER KM FZM[D]. Kib: Bl
K2, 2008,

GUO H. Effects of heavy metal pollution of Cd and Zn in soil growth and
qualityof potato [D]. Changsha: Hunan Agric Univ, 2008.

JZE. B4R Cd KEIEXT SR BE KR T I [D]. PR RE: N
SRR, 2012.

ZHOU 8. The effects of cadmium and fertilization on thegrowth and
development of potato [D]. Hohhot: Inner Mongolia Agric Univ, 2012.
PRI, XA, SRR, AF. NS DA G R I A S AR B
BRG] 7= 594, 2021, (1): 42-50.

SHA N, LIU GH, ZHANG FJ, et al. Temporal and spatial distribution
characteristics of heavy metalsin Inner Mongolia and its dietary exposure
assessment [J]. Qual Saf Agric Prod, 2021, (1): 42-50.

KR, ERRR, A, ST THQ MBRAM A B A& B SE M g
KU FREERLA2441, 2007, (4): 672-678.

ZHENG N, WANG QC, ZHENG DM. Health risk assessment of heavy
metals to residents by consuming vegetable irrigated around zinc smelting
plant based THQ [J]. Acta Sci Circumstantiae, 2007, (4): 672-678.
W, Sdkis, MRy, & REAEF T s 4 m X s
SN AR AETRR2-, 2007, (S2): 540-548.

SHAO SW, JIN JY, HE AIL, et al. Regional differentiation and status of
heavy metals in rural soils under different patterns of land use [J]. J
Environ Sci, 2007, (S2): 540-548.

A, BB, B, A5 PRBBRH I A FH L R R A IR A R s Y
NI FREERIEEAR, 2018, 38(6): 2475-2485.

ZHAO J, LUO ZJ, ZHAO Y, et al. Spatial distribution and pollution
assessment of heavy metals in farmland soil in Poyang lake area [J]. J
Environ Sci, 2018, 38(6): 2475-2485.

JrEk, B, MVNE, SE ISR A R R b - B T AR R T
SRTTHIFND]. TEIRARIFRF, 2018, 46(23): 344-348.

FANG H, YAN QX, LIU XL, et al. Changes of soil physical and chemical
properties and evaluation of heavy metal pollution during whole growing
period of rape [J]. Jiangsu Agric Sci, 2018, 46(23): 344-348.

SR, BT TSR LA R Cd TS YRS D]
M B, 2019.

CAI N. Classification of Cd pollution degree in soil for safety of potato
esplanting [D]. Guizhou: Guizhou University, 2019.

B, A 1 S0 AR - S TR S s - o T R 1 A
U] S @RHE, 2018, (12): 97-100.

HUANG SN. Determination of heavy metals in soil by automatic graphite
digestion atomic absorption spectrometry [J]. Green Sci Technol, 2018,
(12): 97-100.

2K, 4 A A BT E-ICP-MS e LEErP I ES R SR )R
16T, 2016, 43(21): 162-163.

LI C. Determination of six kinds of heavy metal in soil by automatic
graphite digestion-ICP-MS [J]. Guangdong Chem Ind, 2016, 43(21):
162-163.

BE, e, 4 Hha RN ICP-MS e -3 S Fh e R E

[17]

(18]

[19]

[20]

[21]

[22]

[24]

[25]

[26]

[]. {RBRILS, 2018, (8): 10-11.

ZHAO R, YANG MT. Determination of five metal elements in soil by
automatic graphite digester ICP-MS [J]. Low Carbon World, 2018, (8):
10-11.

FTI. SRR T RAE E DR B TR )], LRURLRE,
2016, 44(34): 46-47.

WANG NF. Determination of trace elements in potato by flame atomic
absorption spectrometry [J]. Anhui Agric Sci, 2016, 44(34): 46-47.

FIbE, BEEE, BEIRE, . S TR i T b AR
[7]. BT SITA, 2013, (23): 104-106.

WANG X, SHAO L, TENG ZY, et al. Determination of trace elements
(lead and cadmium) in potato by graphite furnace atomic absorption
spectrometry [J]. Food Res Dev, 2013, (23): 104-106.

[ SCZE, BRZAR. 8 T B0 E S S R R S R I]. 1
FIET, 2014, 43(11): 2115-2117.

XIANG WJ, CHEN ANY. Determination of chromium content in potato
by graphite furnace atomic absorption spectrometry [J]. Appl Chem Ind,
2014, 43(11): 2115-2117.

SRR, A, WBER, 5F. AR T LSS R BRI L
BRI TR EFAEEWE, 2012, 28(4): 28-31.

SU CT, TANG JS, PAN XD, et al. Evaluation comparison of heavy metals
quality in soil in different geological conditions [J]. China Environ Monit,
2012, 28(4): 28-31.

A, EERAE, TRIEP, 5. 1R S EAE T R S YR AE Bk
TRFRHTIT]. AR FREERLA244R, 2019, 38(3): 573-582.

MU L, WANG YH, XU YP, et al. Pollution characteristics and sources of
heavy metals in paddy soils in a county of Hunan province, China [J]. J
Agric Environ Sci, 2019, 38(3): 573-582.

B, A2, Phdh, 5. R R A I G A B AR A R
Mr[7). FREEAL2E, 2021, 40(1): 195-203.

LI W, BU D, SUN J, et al. Distribution and ecological risk assessment of
heavy metalelement in the surface sediments of Bagaxue wetland in Lasa
[J]. Environ Chem, 2021, 40(1): 195-203.

B, #iAL, 1A, 45 RO 13- T T SR 15 YRS
[ FEiRlE 55K, 2019, 42(10): 160-168.

LUO W, LAI X, WU J, et al. Study on heavy metal pollution of soil-potato
by biogas slurry application [J]. Environ Sci Technol, 2019, 42(10):
160-168.

B, TH, IO, S BRI R E AR TR i R (R
RSP I]. Al FREERE241, 2019, 38(9): 2049-2056.

LU X, YU K, SUN QY, et al. Heavy metalcontentand health risk
assessment of lotus roots around Tongling mining area, China [J]. J Agric
Environ Sci, 2019, 38(9): 2049-2056.

Wk BEEal, BRARE, AR, SF. Ghil iR A A i
PRI A5 (e U VA (0], B A BUREAS DI <A 4, 2021, 12(7):
2671-2678.

OUYANG JR, SHAO ZM, QI MY, et al. Investigation and health risk
assessment of heavy metals in edible fish in Chancheng district, Foshan
city [J]. J Food Saf Qual, 2021, 12(7): 2671-2678.

SRORTE, WO, TESCGE, S M Al h 42 Jm TR S BT B £ XU T
], B BRI AR, 2021, 12(12): 4742-4749.

NIE RR, GU MH, DONG W1, et al. Metallic element analysisand dietary
risk assessment of Meizhou golden pomelo [J]. J Food Saf Qual, 2021,



9156

B dn 2 4 R R I A 4R

12

[28]

[29]

(30]

[31]

(32]

[33]

12(12): 4742-4749.

WRETY, J53Cte, BRAdE, S TN LA e T 43 2 10 4 Ak
TERRIEAHT]. IR, 2018, 37(6): 922-928.

CHEN BS, SU WH, LUO SY, et al. Distribution characteristics and source
analysis of heavy metals in soils from mangrove forest in Leizhou
Penisula [J]. Mar Environ Sci, 2018, 37(6): 922-928.

BRIEE, A, ATV, A KRV MM IX T A E S ey s i)
ARFRFIE——LRITCI A KA BII]. L3R, 2007, (1): 33-40.
ZHONG XL, ZHOU SL, LI JT, et al. Spatial variability of soil heavy
metal contamination in the Yangtze river delta-A case study of Taicang
city in Jiangsu province [J]. Acta Pedol Sin, 2007, (1): 33-40.

TR, RERAR, BRAR. ST S EK TR SR X T R 2 Rkl
KA. T AR ERE, 2015, 42(17): 6-11.

ZHANG J, LANG XD, CHEN R. Content status and assessment of heavy
metal in soil from potato growing area of Liuzhi, Panxian and Shuicheng
counties, Guizhou province [J]. Guangdong Agric Sci, 2015, 42(17): 6-11.
Sedd, T, BR, . JET PMF B 22 NPk 10 o 4 J R AR
Wil HhEFRERLE, 2020, 40(9): 3919-3929.

CHAI L, WANG X, MA L, et al. Source analysis of heavy metals in
cultivated soil in Lanzhou based on PMF models [J]. China Environ Sci,
2020, 40(9): 3919-3929.

Wk, BUtAt, B3CE. R 1 R R L R s Y S
XA R T [T]. A E 4B QRIERERST), 2021, (10): 133-138.
CHEN B, ZHU YB, ZHAI WL. Assessment of heavy metal and human
health risk in surface soils in a decommissioned rare earth recycling pant

[J]. Nonferrous Met (Extr Met), 2021, (10): 133—138.

JEUR, PRE, E S, S IRTTARAR 2 U T 8w 15 QA R

e JEU T P T I 4 A A XU AR D] PR SR, 2020,
43(10): 43-50.

ZANG Q, CHEN L, YANG YY. et al. Effects of urbanization on the
pollution and ecological risk of heavy metals in surface sediments from
lake: Comparison of Plateau lakes and urban lakes [J]. Environ Sci
Technol, 2020, 43(10): 43-50.

FAk, WA, W, S RHEKAT/NE RGCE SR WL 4 4
A PR PE[J/OL]. o [ FREE AR 240 1-19. [2021-10-15]. https:/doi.org/

[34]

[35]

[36]

10.19674/j.cnki.issn1000-6923.20210929.003

WANG CC, TIAN W, XIANG P, et al. Mechanism of heavy metal uptake
and transport in soil-rice/wheat system and regulation measures for safe
production [J/OL]. China Environ Sci: 1-19. [2021-10-15]. https://doi.org/
10.19674/j.cnki.issn1000-6923.20210929.003

WY, WA, R, 55 SN X A SR A TR )R
LAVERIER[T]. FhT-, 2021, 40(8): 122-126.

DONG YP, CAO SS, SU CY. et al. Preliminary study on heavy metal
saftyof potato production in Karst area [J]. Seed, 2021, 40(8): 122—-126.
GBS, KMESE, FBERDI, 5. SNBSS h T4 R & iy
AL B AR B A [T, JH I DYE 2B 244, 2016, 33(2): 94-98.

LIU JQ, LIU HH, ZHENG YC, et al. Health risks assessment and
characteristics of heavy metals concentrations of vegetables in vegetable
base of Pengzhou [J]. J Zhoukou Norm Univ, 2016, 33(2): 94-98.

WAL, PR . BB LR RIS PRI E (D). AR
AL, 2014,

WU QQ. The phytoremediation experimental study of root tuber plants
and tuber plants for pb and Cd contaminated soil [D]. Xuzhou: China
University of Mining and Technology, 2014.

(FiE%hi: % W RBRE)

EE &N

HER, METHRE, TERRAFE
AREMIERZ.
E-mail: 2370368401 @qq.com

B M, EL, BIMRAE, EEHMRA
BARERBRERERIE TG,

E-mail: mhmdxiao@163.com



