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Contamination and potential health risk of heavy metals in vineyard soil in Turpan Basin
Marhaba TURHUN?, Mamattursun EZIZ°, WANG Wei-wei® (a.College of Geographical Science and
Tourism b.Xinjiang Laboratory of Lake Environment and Resources, Xinjiang Normal University,
Urumai, Xinjiang 830054, China)

Abstract:

[Background] The environmental quality of agricultural land soils is closely related to the quality
and safety of agricultural products. With the regional agricultural intensification, a series of soil
environmental safety problems, such as soil degradation and dysfunction, are caused by toxic
heavy metal elements entering into the soil ecosystem.

[Objective] This study aims to understand the pollution levels and distribution patterns of heavy
metals in vineyard soil in a main grape production area in China, and evaluate their potential
human health risks.

[Methods] A total of 101 soil samples from vineyard in Turpan Basin were collected for
analyzing the concentrations of arsenic (As), cadmium (Cd), chromium (Cr), nickel (Ni), lead
(Pb), and mercury (Hg). The detected concentrations were compared with the Soil environment
quality—Risk control standard for soil contamination of agriculture land (GB 15618-2018). The
contamination levels and potential health risks of the six heavy metals in vineyard soil were
analyzed based on the Nemerow pollution index (NPI) and the US Environmental Protection
Agency Health Risk Assessment Model.

E&mE
EREARFESING (41867076, 41561073)

==ty
Z/REE - B/R:E (1995—-) , &, ALtE ;
E-mail . maraba218@126.com

BIEEE
EZIRM/RE - MK, E-mail : oasiseco@126.
com

FE s

Wi BER
REBH

TR
2019-11-28
2020-03-20

XEHS  2095-9982(2020)06-0558-08
FESES R124
XEFER A

»5|A

ZIRBE-B/RR, EERM/RE- N7,
T HEXAMEERTIIBETRSR
REBEREENRK L] FESRIVES,
2020, 37 (6) : 558-565.

> A5

www.jeom.org/article/cn/10.13213/j.cnki.jeom.2020.19816

Funding
This study was funded.

Correspondence to

Mamattursun EZIZ, E-mail: oasiseco@126.com
Competing interests None declared
Received 2019-11-28

Accepted 2020-03-20

»>To cite

Marhaba TURHUN, Mamattursun EZIZ,
WANG Wei-wei. Contamination and potential
health risk of heavy metals in vineyard soil in
Turpan Basin[J]. Journal of Environmental and
Occupational Medicine, 2020, 37(6): 558-565.

> Link to this article
www.jeom.org/article/en/10.13213/j.cnki.jeom.2020.19816

www.jeom.org



#4545 5J2 3 &% | Journal of Environmental and Occupational Medicine | 2020, 37(6) 559

[Results] The average concentrations of As, Cd, Cr, Ni, Pb, and Hg in vineyard soil in Turpan Basin were 9.57, 0.19, 59.0, 21.60, 13.41,
and 0.045 mg-kg™, respectively, and all were lower than the national limits (GB 15618-2018), but the average concentrations of As, Cd,
Cr, and Hg exceeded the background values of irrigation soil in Xinjiang. The average values of single contamination factor (P;) for each
heavy metal element from high to low were Cd (1.54)>Cr(1.49)>Hg(1.16) >As (1.05) >Pb (0.99) > Ni (0.82). Among them, the vineyard
soil was mildly polluted by Cd, Cr, Hg, and As (1<P;<2), and slightly polluted by Ni and Pb (0.7 <P;< 1, warning line). The average value of
NP/ for the vineyard soil was 1.53 and suggested the soil was mildly polluted (1 <NP/<2). Both the non-carcinogenic [hazard index (H/)<1] and
carcinogenic [total carcinogenic risk (TCR) < 1x10°°] health risks of selected six heavy metal elements in vineyard soil showed a negligible
risk level. The hazard quotients (HQ) and carcinogenic risks (CR) of selected heavy metal elements via hand-mouth ingestion were the
highest among various exposure pathways. Both the non-carcinogenic and carcinogenic health risks of selected heavy metals for children

were higher than those for adults.

[Conclusion] The potential health risks caused by exposure through three pathways such as hand-mouth ingestion, inhalation, and skin
contact to selected six heavy metal elements in vineyard soil in the study area are in safety scales.

Keywords: vineyard; soil; heavy metal; contamination; health risk assessment; Turpan Basin
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Figure 1 Sampling sites in vineyards in Turpan Basin
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Table 1 Reference doses (RfD) and slope factors (SF) of heavy metals through various exposure pathways

_ R]‘D/mg‘kg'l-d'1 SF/kg‘d'amg'1
E2RTR — — — — — —
Heavy metal element F-OBE IR BIBKIEAR R F-O8E IR E BIRKIEARE
Hand-mouth ingestion Respiration Skin contact Hand-mouth ingestion Respiration Skin contact
As 0.0003 0.0003 0.000123 15 15.1 3.66
Cd 0.001 0.001 0.00001 6.1 6.3 —
Cr 0.003 0.0000286 0.00006 — — —
Ni 0.02 0.0206 0.0054 = = =
Pb 0.0035 0.00352 0.000525 — — —
Hg 0.0003 0.0003 0.0003 = = =
A2 =3 \ —\, =—3 0= T
2 2 (0.82)0 BRBPBERDEITE, BEELTIEPC Cr.

2.1 HaRETEEESESENT

T 1T As. Cd. Cr. Niv Pl Hg TTEFRE 2 E05E
BR800 FEE (s) MERRE (cv) &R 2 &=
AEFEBHE GB 15618—2018 FHIERIT/EPR(E ; Ni
P RENHHIERBHMEEMTIESRE, B
As. Cd\ CrilHg RERHBIERFINFHEEMIE S
fBEA91.05. 1.58. 1.49. 1.151Z, RAFE R TIED As.
Cd. rfMHg TTEMNMRBERNIPE, HERELTIEPHY
FtBH GB 15618—2018 FHYIHIE(E (pH>7.5) , pHERY
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DHEAEE ;cd 5P tEN CVIERFIR0.2250.21,
EMHELT R (0.2<CV<0.5) ; As. Ni\ CrrcEM CVIE
535)790.17, 0.11, 0.09, EMFIFLT R (Cv<0.2),
K2 HERZHBAERTIESEEER=7 (h=101) /mg-kg*

Table 2 Heavy metal contents in vineyard soil in Turpan Basin
(n=101)/mg-kg™

s5tR HeEE R IR
TR =N &K s E TR BEEE
Heavy f& ] /)-( £ &#  Background
s

metal Min  Max CV  value of irrigation

GB 15618—2018
ERRE
National limit of
GB 15618-2018

element soil in Xinjiang
As 6.86 1340 9.57 1.64 0.17 9.09 25.0
Cd 0.11 035 019 0.04 0.22 0.12 0.60
Cr 47.30 74.10 59.00 5.33 0.09 39.60 250.0
Ni 16.10 28.50 21.60 246 0.11 26.40 190.0
Pb 834 2540 1341 276 0.1 13.50 170.0
Hg 0.012 0.139 0.045 0.029 0.65 0.039 3.40
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ME2FH, tEHRZAMEERTIEFReMES
BrEZrEZWHEERA, HEMKIENERRAC
(1.54). Cr (1.49). Hg (1.16). As (1.05). Pb (0.99) F0 Ni

Hg A1 As 2IEEE LSS, o AN 2IITNESE,

4.0
35
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[Note] Box shapes indicate median and the 25th and 75th percentiles;

whiskers indicate the 10th and 90th percentiles; [J indicate mean;

@ indicate individual outliers.

B2 HeX2MEERETESEERERFSRIEN
Figure 2 Single contamination factor of heavy metals in vineyard
soil in Turpan Basin
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Figure 3 P; spatial distribution of heavy metals in vineyard soil in
Turpan Basin
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F-OBANERY AT EEZMFERTIEETER
FENRERR, HAARBKEMER. cMELE
B 3 MRS HYEREEEE MNAENMOR
Cr. Nis Pb. As. Cd\ Hgo BB R TIEH CrImEXTA
MIENSBYEREREE (D) R5. SBE
BER, ) IENERREERZEIRTHANERES,

MRATH, ARXEERTIZEFeHETEE
H3MBEIRFHMAHQEMN)LE HQEK/NIRFF
1R R 9 As>Cr>Pb>Ni>Cd>Hge M BB IRRKE, F-
A\ ANERHORE, RN EKZEMIERHQ, W
RIRFEHQER). AR TIEETRTESEBER
JLERHQIIKRTF A Ao AsHl Cr TERI HQIT HIRY T3
MERK, HA, SIFRHARI, AsF cr B HQEXT
HIERITREAER 9 559 45.82% F0 43.18% ; 3T F ) LEFR
W, As F Cr B9 HQEXT HI BRI TRERZE 53 51 /9 50.0%
41.94%, AILLEH, AsFl cr 2 F BB IEBUE R X
TTHR. Bih L, E€BTEX) LEMRABHI DA
0.11#10.62, EEEX) LEMIFBIENEAFHA. 3
MBEBRRRFHQMHITFYEY N1, BTRES
XBLKF, REEREREE. BHNRAE (0.76) B
KRBT REHKE, BF5IEEW,

®3 HEFFHEELREERIFBENLAIREE /mgkg’d?

Table 3 Daily average exposure levels of non-carcinogenic heavy metals in vineyard soil in Turpan Basin/mg-kg*-d*

S4RLE CDling CDlinn CDlsern CDhrota

Heavy metal element g \ (adult) JLE (Child) A (Adult) JLE (Child) A (Adult) JLE (child) A (Adult) JLE (Child)
As 1.47x10° 9.14x10° 1.75x10° 2.52x10° 1.65x10” 6.95x10" 1.49x10° 9.21x10°
cd 2.84x10” 1.76x10° 3.38x10™ 4.86x10™ 3.18x10” 1.34x10° 2.87x10” 1.78x10°
cr 9.07x10° 5.63x10" 1.08x10° 1.55x10* 1.02x10° 4.28x10° 9.17x10° 5.68x10"
Ni 3.32x10° 2.06x10" 3.95x10” 5.69x10° 3.72x10” 1.57x10° 3.36x10° 2.08x10*
Pb 2.06x10° 1.28x10™ 2.46x10° 3.53x10” 2.31x107 9.74x10” 2.08x10° 1.29x10™
Hg 6.94x10° 4.32x107 8.27x10™ 1.19x10™ 7.78x10™° 3.28x10° 7.02x10° 4.35x107

4 HEEFIELRESEIBBRILIEN
Table 4 Non-carcinogenic risk indices of heavy metals in vineyard soil in Turpan Basin
ELEAE HQung HQunn HQuerm HQ

Heavy metal element g6\ (Adult) JLEZE (Child) A (Adult) JLZ (Child) A (Adult) JLEZE (Child) A (Adult) JLEZE (Child)
As 4.90x107 3.05x10™ 5.84x10° 8.40x10° 1.34x10° 5.65x10° 5.04x10° 3.10x10™
cd 2.84x10" 1.76x10° 3.38x10° 4.86x10° 3.18x10™ 1.34x10° 6.02x10™ 3.10x10°
cr 3.02x10° 1.88x10™ 3.78x10" 5.43x10" 1.69x10° 7.14x107 4.75x10° 2.60x10"
Ni 1.66x10° 1.03x10° 1.92x10” 2.76x10” 6.88x10° 2.90x10" 1.73x10° 1.06x10”
Pb 5.89x10° 3.66x10° 6.97x10” 1.00x10° 4.40x10™ 1.85x10° 6.33x10° 3.85x10°
Hg 2.31x10™ 1.44x10° 2.76x10° 3.97x10° 2.59x10° 1.09x10° 2.34x10°* 1.45x10°
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Figure 4 HI spatial distribution of heavy metals in vineyard soil in
Turpan Basin
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TCRERTTEAE 759 92.85% 1 7.15%. AI A, A%
X TCR EEH As TTERBBRBIRZNEH, As BIAR
XEENBEXNEEF. SHRE, HEXIMETE
B 1% As 7 Cd BT 3 MR EIERHY CRA TCR /)
F 1x10*, BF AR KE, FEERERS.

MTR=EIDHIER (B5) RE, RAM)LEWN
TARZE B D HIE/ER—, HIHHIME XX, TCR
ERENXFEEEDHTHRXERE, TCRERENX
HEBESHTHARXAZ. TCREXEXAIERF As S
ERE, XS5IEBRXIEE (H) TEIDHIE—

x5 HEFREELRESEHENLBYIREE /mgkg'd*

Table 5 Daily average exposure levels of carcinogenic heavy metals in vineyard soil in Turpan Basin/mg-kg™*-d*

ELETE CDling CDlinh CDlderm CDltotal
Heavy metal element  go )\ (Adult) JLE (Child) A (Adult) JLE (Child) A (Adult) JLE (Child) A (Adult) JLE (Child)
As 5.04x10° 7.84x10° 6.01x107° 2.16x10™° 5.65x10° 5.95x10° 5.10x10° 7.90x10°
cd 9.73x10* 1.51x10”7 1.16x10™ 4.17x10™ — — 9.84x10° 1.52x10”7
) =] 1A
*6 HERFHFRITIESSREBUENIEEH
Table 6 Carcinogenic risk indices of heavy metals in vineyard soil in Turpan Basin
BELETE CRing CRinh CRderm CR
Heavy metal element 5o X (adult) JLE (Child) A (Adult) JLE (Child) A (Adult) JLE (Child) A (Adult) JLE (Child)
As 7.56x10° 1.18x10”° 9.07x10° 3.26x10° 2.07x10” 2.18x107 7.78x10° 1.20x10°
cd 5.93x10” 9.22x10” 7.30x10™ 2.63x10™ — — 5.93x10” 9.22x10”
N, N
89°0'E 89°12'F 89°12'E 3 'LT_I"LQ

89°24'E 89°0'E

89°24'
TCR(JLE) :
-,

43°0'N

CR(EE)\)-?:S
7.8

42°48'N

0 10km
[—

E5 MRXEEETIEESRE TCRZESH
Figure 5 TCR spatial distribution of heavy metals in vineyard soil
in Turpan Basin

RAMTIEEER SRS HTIBEM MR
T, MBI RYENEEREFRANESREARES
NEBEFE TS Y, A RRNEINMTEE
BHEERTIEFeMESRTRSENENRAE
HERBHER T IZEIFEREME (GB 15618—2018)
HifiEE, HAMAREEETIEFERELTRSE
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SEEN. BERETEF As, cd. Crfil Hg S EEYEB
HTIEESE, X4MTRNGRIEEIENLTIE
ELRER, EtRBTENGEATRENELATEE
BRKFE, GERFEREMGRER, ARXEEETIE
FH As. Cds Cr. Nis PbFlHg TRSREEXEFEDH
FHAXAAOZRENRERINEEREMREE
FERAINEEE. FRXRBEFEREALEERE
TIESERE P SRARERRAARBIEMIEFREHS
SHIRAGE £ P MRS ER AR BRI TRBYHEN
TIBIFIE, S PR, RAM LIS, TILE
EEAKIENM, ExENRELSERK A%
RE. RIYFENKREHEE, HEEBREEE,
Ait, tEeRXZMFERTIESER SRS TR
KIBERN H5| R, MEBEXMITGERRXE, 2R
MAXREEETEESESRB TR IMBRERRHYRE
E5BEREXHLTFLETENRN, SWAKFT2™
ERERENRG, BF - OBNERNEKEEEE
BIBRBERIRESHKE, BEXE
HeRAMEFEELTERAHCCHHQEY
S HI{EN%, NEENEHEXNKRE T, XFEE
5us ePABRNXIRE R AsHI cr TR RDERSE
Ko As NEEBEMBENIQEF, AsBI CR{E S TCRER
92.91% (A A) 192.85% (JLE). SMBEREFIL
BHQ¥E TR, R RAXEEE BN LEE
RS IEBUEX, B LE RIS TRA, iR
MAXEEETIEXY) L EESRRENBEN, XE
RAAF-OBNERRIETESETERENKE
BENERD, )\ BEEEIRIERSHBERS
RENEBERR, AFRFMAELES KA TIE
TESETRERSESERTAEX, BAXHR
XEFR T EFEEETEZNERNSIESHETR
SEESEMXMEHITHRR, IE—FFEEERT
BRESESRANEERES AMERENEERE,
XEEN S IEPEEREESRB TR HEER
SR XIS FERITENER, ITFNESHRNAHRE
MEBRIE I X T LS RO THAE . RARKEN
US EPA R N IR B ER D B HFEARAE M, XLIT
HEESERYEE—ENRBRESTRE L. BA
AR RKA(PEABERESHFM) 52 3¢ Us EPA
BEXMERPNEERLKER. £F - OBRAMEK
U FEEEFTEHESEHITEIT, #—FRE US
EPARRRE N OIR BT AR XIS E M, EiZEEH

HESHHNEE SRR AL, #—FREMARE
BRAXLIRNEBEREREE TGS, B2SEMH
RHER

BRIRIN, TEBEZMEE R LTIEF As. Cd. Cr.
Ni. Pl Hg TR B EXRBHER T IBIMERENE
(GB 15618—2018) FHITHIL(E, SHKFRE, BE
FERE. BUEXQIEHREEZAEEA, RAMLE
ERMEER T BRIMERREMN, FEFAsSCrit
R2MEMRENTRESEENRE, IRRXKEE
HXEF, EEEESER, v EEELT
BESENSEALIE, CEHERCEERTIZEAS
5 BEEREK, RENAEHEE T IERR.
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