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PP BIME N 038, B TLRERE, ARELWES B IGRLGA RS MRX 8 ELEITEAY
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Heavy metal pollution and health risk assessment of the jujube
producing area on the southeastern margin of the
Tarim Basin in Xinjiang

CHEN Yunfei' ZHOU Jinlong™  HU Yan' ZENG Yanyan® WANG Songtao®
DU Jiangyan® SUN Ying’
(1. Tuojiang River Basin High-Quality Development Research Center of Neijiang Normal University, Neijiang, 641100, China;
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Hydrogeology and Engineering Geology Party of Xinjiang Bureau of Geology and Mineral Resources Exploration and
Development, Changji, 831100, China)

Abstract 73 soil samples and corresponding jujube samples were collected from the jujube
producing area in the southeastern margin of the Tarim Basin in Xinjiang. The content
characteristics, bioaccumulation and soil heavy metal pollution status of eight heavy metal elements
(Cd, Hg, As, Pb, Cr, Cu, Ni, Zn) were analyzed. The Crystal ball software was used to fit the
distribution model of heavy metals in soil and jujube to realize the health risk assessment of heavy

metals based on Monte Carlo uncertainty simulation under the exposure route of oral intake. Results
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showed that the average contents of eight soil heavy metals did not exceed the soil pollution risk
screening values of agricultural land, and the average contents of Cd, Hg, As, Cr and Ni elements
were higher than the background value of Xinjiang soil. The average pollution index of soil heavy
metals was 0.38, which presented a security state, and the soil pollution comprehensive index in
Qiemo County was the highest. The bioconcentration ability of eight heavy metal elements followed
a descending order of Cu, Zn, Hg, Cd, Ni, Pb, As and Cr, and the average enrichment coefficient of
Cu was 0.1242. The non-carcinogenic health risk index of heavy metal in jujube under the oral
exposure route was 0.01, which was lower than 1. The eight soil heavy metals did not present non-
carcinogenic risk to human health. The carcinogenic factors As and Pb did not pose a carcinogenic
threat to the human.

Keywords heavy metals, jujube producing area, pollution assessment, health risk assessment,

Monte-Carlo simulation, southeastern margin of the Tarim Basin.

HEEJRICEA LY RGP TR BT B bR E Y R, SR 2 e A
ARV ) R, 53X AAN 56 3] - SR8 o i, 1] HAL 25 i IR - AR R AP E S BT & .
HEJE TG Y5 ARG ERE B A DG I — B 98 B2 3 R 1 5 4 B AN AT AR W A A0 A 2 e
BB PE R, v RETE A W R N BRI i AR, H AT P AMT R T KiE X T E A 7 - - Y- Ak
F G e A g B RS D 5 TET RIS, L AR S s L RS L AKRAER L il dn, E o AEN
PRI T 9 A T5E X () EE 4 J@ 7E -8 AW (T Yo 0, AN T B 4 X A A il ik Ay AU 5 T i
PV T ) g X B Bl A v 4 S R R R R XU R A SR A M IR R
B ARG Y, FEAO 3 i RN S B TS G, R SN VR Y 6] 4 TR W, A TR
M A 7= it ) o i AN 42 0. B R E S B A NKRHEE R A2 — AXEMTESE &8 LH
A R A X T PP e A SR i 1 XU I R 2,

CT AT T A 08 7R S 2 AN E, B B [ 8 5 AR AR A IR BT A B EE RA 25, e i o 22
AR ORI 2 — . BT e 2T AR X 3 B0 A7 7 0 e e 0 49 0T o o s DXL W A s DX T FE s DX B 5
BB ST HIG N CLAR fRTAR BN, L BRI A< 300 0 e 2 1l DX 48 T K 7 X 3 LR i M AR R 4 i 218
ook XA T R0 FEL A AT M, AR T AR 8.74x10* ham?, o 39 B S A 1 ARG 24.15% . H 16 T i
A O F ) S U 2 € B NI 1R o705 1T RN ()0 o 1A R sy M T 0 e 2 R 0]
A RS O B T X LT AR S R AT TR IE AT, RIR R A L %L B Y B fEE
SRR B A R 4 8 Zhu AEUT X R 4T F2 B X LD ST TR KU PR O R AL
M A e 4 R V5 YR B IR - - 2T A R G A AR AR R, R R A AR A i B XU BB = 25 A T 5

AR SC LA LR 5 0L 2R B 24T R MO T X, A 40 A R Y], SRR 4T A K] R AR 2R SRR A, X
B (Cr). K (Hg) . M (As). #(Pb) . % (Cr) . 4 (Cu). B2 (Ni) . 4% (Zn) %% 8 Fh i 4 B L R AE T -2 %
F G SRR AR XU HEA T, DU R B SR b - 8 T 4 T Y B g R 7 T R
PR KR, RIBS A= R BT A . S AR SR IE R R S8

1 #MRL5 )7 (Materials and methods)

1.1 W98 X HESL

TF 5 DX AV 07 93 B R 2 b 2R P Gk S U X 21 77 b, 9 I BB 4G LN 8 98 B L HoR B, Al
o DX RE B PR SR BRI SR A e s S A 0 36 H (LA faiBRe36 H1), FLAR A B I
L B9 XA AR o T 5, XUVD TG sl A 6, Ja I T T R A X IXBRARE S R 10—12°C, R
AR 2ZE K, 1IIA 30—35°C. ZAFE MK iR 17.4—48.2 mm, F VG ) 4334 W8 0, 4F 78 & 8 b
2450.0—2902.2 mm. ZLAFpAR X A 3G SR A -, B A 28R Ry ph R LR R L B R 1, 1
HE pH X {E Jy 8.89( 7l [Fl Ay 8.57—9.39), FH & + 2& 4t it (CEC) V- ¥J{H & 5.34 cmol-kg ™' (i [l A
2.69—9.03 cmol-kg™); BRI, Hoh 3 S APIR(TCorg) P E N 0.6 g-kg '(FEFIN 0.5—11.4 g-kg ™),
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2% (TN) . 28 (TP) F1 4247 (TK) ¥ & &= 2 5 4 0.6, 0.9, 19.3 gkg ' (28 1k 75 Bl 4 5l A 0.3 —

10.0 g'kg™'. 0.5—1.5 g-kg ' Fll 15.5—23.5 g'kg ™).

C WHESEE/REREK ] 81°F 82°F 83°F 84°E 85°E 86°F 87°E 88°E 89°E
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— E.jq;ﬁlé}‘z Bognda&y of c;)unt(}lf - B#4 County
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7 1IX Mountain area ~—— ELji fL4k Boundary of county
vz {//I‘yﬁlz Desert area
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C . . A
. ® o0 o o % ". .
PO L TP | ° .
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o o . 36 7] b
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°
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® K4 ® )
. ©® .
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I ) °
H.& Qiemo . FH Yutian i Cele © i
.
1 BFSE X 3R B R R 1531 ]
Fig.1 Location of the study area and distribution of sampling sites
=y, =
1.2 FEa R 5

2018 4F- 10 H 7EWF 58 X S B SR ML A Il , [R)20 SR AR AR R - RN LT AR kgt 73 4, b3
FH304], AR 1841 RFER 74, THE 241, KA 54, 36 A 1141, BARSATELE 1. &
AR R HHERFEE RS 40 mx40 m bk, SR XTEAR Y 5 A0 FE 5, GPS i b e A s, BURE VR B
1 0—40 em [ HHER AR SRS, H IR IUME B 1.0—1.5 kg 26 AR A4S, AR NS, Pt
RN A EHE, RIR G5, B 5256 % . R TE R IR AR R TG, il i ARE A4S, 26 2R
. ZEARE S e FH Al KTEUE 3 38, PR 25 KR 3 B 5, (P & 1K HAI 2 5 mm 450k, 2Bk
ARG A BER 40 °C BET B TR G 38 AR 0 BB, 45 928 EIHE .

ML AR A P 4 B R IR H o Cd. Hg. As. Pb, Cr. Cu. Ni Fll Zn % 8 #h, $4 h s A
0 3 5 4 A5 R I3t o 4. 4 SRR S SR ) HNOS-HCI0,-HCI-HF 4 f# , HCL 5 255 21 ZRE 5 4l
HNO; {4 f#, HC5E 25, ML 244045 ICP-MS(X serise 2) H BGHEA 25 B3 71 B3 1 (35 [ B8 2R R iR B
F N F]) . AFS-9230 JE T 26 Y TEAL (A3 RALER ) . pHS-3C (I H R A AR L A BRZA 1) . il
2. AR . SRR . AR AR 28 R D Gl 45 DN AR T 92 By it PR L 1.

F 1 MR SR TR A Iy R B (mgkg ™)

Table 1 Detection method and detection limit of total amount of heavy metal elements in soil and jujube samples

R A T R

LLAE A A R

Nl Enwe S
A H f L{,}‘Jﬁ& Detection limit of Detection limit of
Items Detection method . ..
soil samples jujube samples
Cu A A TR T 0.952 0.022
Ni V& PRI 7 0.744 0.0028
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g5k 1
- NN +ERE A LT AR A
W Ko7k Aok K TR P iR
. Detection limit of Detection limit of
Items Detection method . ..
soil samples jujube samples
Zn 0.644 0.594
bR e T N
Cd . o 0.002 0.0005
RHPCRED:
Pb 0.65 0.005
As 0.112 0.0056
Hg JRF Ik 0.0003 0.00047
Cr 3.505 0.01
pH CiRDAZ N7 0.03

13 ERERRITRIEN
TR 2 RT3 Y SRk, SO T ST RS e BRI A S (1) ST 45
M G 5 YA O IR AR ()R T

P, =Ci/S,; (D
P.= \/ (Piave))” ; (Pigman)” ©))

A, P o RHE RS G i WA TS YRR, S P<1.0, Fon HIERSZ BTG G, BN R LHEE 2
BN NIEY; CNEAEICE B SEIS  (mgkg™) s S; 0 i M4 8 A9 S IR (mg-kg ™), SCP R H]
(GB 15618—2018 - HEIRIG i i A FH 4= 3875 e XU A5 4 bt A7) ) A 358 pH (E K T 7.5 XF R
ARG O e {8 P, A 3B A 15 YR 80, P, MBI £E<0.7. 0.7—1.0, 1.0—2.0, 2.0—3.0, >3.0 i X} )i (1)
TGRSRy I Ak RIS Y TS Y TG Y Pyave) N A TS Y W) B T TS AR
OV Py (o) A I B LR -5 G 5 4k
1.4 faRRE XU PEAR 7 ik

-2 A N AR AR SO (R XU DA A S

C; R, | EFXED
ADI, = [C—l’k]x[m]x AT X Cy (3)

K, ADL, O HHEE 4@ T Rl i 48 R AR B ERIR A AR AR E 1) H P B R i (mg- (dkg) ™);
C,o W e i FpH SR T E &8 LW (mgkg"); Cp h HHEEhS i M 48 T £ o & S
(mgkg"); [C/Cy] T4 JRITE N HIE RN A0 3o i s 2 00, BV 46 R 8GR W NIRRT L
2 LA R R IR M B P 2 i (kg d ') ; BW N F34{KHE (kg); EF N B #EMIF (da'); ED I%
BT (a); AT A B RERE ().

B E SR T RAL R A R BB IRE T 0 AT FE8h T 205

ADI;
HQ. = —
Q= R,

Lo, HQ; M5 i AR 0 T 4R T R E L LR AW R BRI 42 T (10 PRI 15 45 RID, A4S i FhAlEBUE
B ICRIEL O RA R E RTINS %57 & (mg-(kg'd) ™), Cd. Hg. As, Pb, Cr, Cu, Ni, Zn % 8 fi
4@ B9 EUE SR R 0.001, 0.3x107, 0.3x107, 3.5x107, 0.003, 0.04, 0.02, 0.3,

Z AR EUE 4R T R 4 LA W R ISR XS 27 & 1 8o T X5

(4

8
HI= > HQ, (5
i=1

o, HI b 2R AR 20 1 48 o0 20 1 28 TR Y 22 55 1812 10 el e XUR: 255 B 4L
2 HQ, 3% HI<I B, o filt B XU & T 77 32 32 KUK 7K ~F5 4 HQ, 3% HI>1 B, 387K 17 78 i Bl KU
HQ; B¢ HI BRI, {5 AU gl B oK
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B T 4R ) I 0 AU 5 B i T AR
CR; = ADI,; x SF,; (6)
R, CR, MEE | FhEU 5 4R ) BT 2508 XS T8 50, SE, MeE § FhEUE B4R AR N F (mg- (kg-d) ™),
As Fl Cd I HUE 751 1.5 F10.382",
L 4 R i o R E BRI A E ey B EUE KRS S Sk A

TCR = ZCR, (7

K, TCR b 2 H 4 8 38 o) A 2 50 2 120 T 380 ) A S0 XU 8 4K

4 CR, 8 TCR<10"* i}, /R TCHUE XU ; 4 10°<CR, 3 TCR<10* i}, IR 8 T AT T 32 (4 B
AR ; 24 CR, 3 TCR>10 i}, 2R J& T AMRAS 0T Tif 32 (1) SO KUK
1.5 T3 &R T5 YT

A SCAE Bl SPSS 23.0 #AF AT IR A s i ge it [AIE I Z B0 4F () Kolmogorov-Smirnov 1E 25 P46
ISR + 3 4 B O R A R 4 B U E AT IER A K K. A Bh Crystal Ball {418 585K %
AHEYE T AR EHE B IO RN H 28, st —25 ATl XS M

2 5B 53048 (Results and discussion)

21 HEFRESIRITE T EREST

SR X L0 + T 4 8 o R & R ST A g 2R W36 2. AR IX 8 BRI 4R e E b Cd.
Hg. As. Cr fil Ni TR & & HA & T#rm Ly s ™, B HIEE S )BTRS =Y EIT(GB
15618—2018 - HEIFBE & ¢ FH i 43875 Y KU A5 A o (R AT) ) b 338 pH (K T 7.5 X 1z A JRURS:
G e (B IS IX 21 A b X 18 o 4 T A1, 5 0 B R 3 M I8 1) T i 7 DX BT 7 2% T ) 1 4 o
M X A3 4 8 S AR TG, BFSEIX H 38 E 4 8 ' Cu. Pb. Cr. Zn. Cd & &A% T B4z /K T 9 21 A A [X
+ 3 H 4R 8% 3 Cd. Hg, As. Pb, Cr. Cu. Ni, Zn (i RES S TRFEL, HARE, K
BOHARE #FHRE HEE HEEE RFEE NEKRE, HERSECELRALBEE A 10.2%—
40.0%, J& T H 75 51 (10%<CV<100%) 5 #79¢ B Heg 28 5 R 8K, 5 98 B Hg & 28 40 i AN
Y5y, ARz B R SRR R B E e g i iR A, REB Cd 85 REUR K, R FEE cd & &
[l FE 2 2R R 1R 2.

F2 MRXLEESESEMIBES T (mgkg™)

Table 2 Statistical analysis of heavy metals content in soil in study area (mg-kg™)

Bk SFAIE
AstHaE L cd  Hg  As Pb Cr Cu Ni Zn
Region Items
RME 0.17  0.02  14.1 1925 6433  29.16 3251 7148
f/ME 0.10 0.01 850 1589 4590 1855 2135 4733
36
h@ . -~ FHIE 0.13  0.02 1052 1718 5277 2247 2627 5801
36" Regiment (n=11) -
brifE: 0.02 0.003 1.77 1.14 6.51 3.44 3.80 8.38
A5 5 A 154 150 168 6.6 12.3 153 14.5 14.4
SN 0.19 003 17.18 2193 9625 41.18 4034  78.56
P fe/MH 0.10  0.01 5.80 16.68  39.08 13.12  17.30  41.11
s B FHE 0.15 0.02 1119 1872 67.14 2775 3065  63.65
Ruogiang(n=30) o
FrifE2E 0.02 0.005 2.01 131 16.66  7.60 5.89 8.34
5 R EL 133 250  18.0 7.0 24.8 27.4 19.2 13.1
SN 0.17 004 226 2313 604 2688 31.67 7581
ks f/IME 0.11 001  6.65 1557 3877 1483 1878 4047
= FHIE 0.15 0.03 17.01 2023 5295 2204 27.68 6437
Qiemo(n=18) O
Frifi2s 0.02  0.009 4.8 2.10 6.31 3.25 3.83 9.74

B 133 300 252 10.4 11.9 14.7 13.8 15.1
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LEFe 2
P2 SN
B HEAEA cd  Hg  As Pb Cr Cu Ni Zn
Region Items
SN 034 003 1045 1846  62.58 2493 3192 8236
" hv/ME 0.4 002 940 1516 5566 2103 27.69  56.63
E# B FHIE 0.19 003 1001 16.85 57.94 2242 2952  62.59
Minfeng(n=7) -
brifEzs 0.06 0.003 034 1.04 2.11 1.17 1.27 8.16
AR SRR 31,6  10.0 3.4 6.2 3.6 5.2 43 13.0
KA 0.16 003 1600 19.12 63.58 2446 31.69  68.46
Fe/MH 0.13 002 835 16.13  51.04 184 2478  56.83
?E.HE 8 FHIE 0.14  0.02 1218 17.62 5731 2143 2823  62.65
Yutian(n=2) -
bR 0.01 0.006 3.83 1.49 6.27 3.03 3.46 5.81
AL E 7.10 300 314 8.5 10.9 14.1 12.3 9.3
FKMH 0.17 0.02 1000 1823 51.00 1977 2563  63.96
p— e/ MEH 0.09 001 520 1639 4387 13.75 20.12 5037
- FHIE 0.13 001 801 1735 4775 1796  23.17  56.44
Cele(n=5) -
FRifEE 0.02 0.002 1.13 0.68 234 1.03 1.41 522
AR R 154 20.0 14.1 3.9 49 5.7 6.1 9.2
RME 034 004 2260 23.13 9625 41.18 4034 8236
P /IMAE 0.10 001 580 1516 3877 13.12 1730 4047
= =
= o FHE 0.15 002 1225 1855 5899 2423 2859  62.41
All samples (n=73) O
bR 0.03 0.008  3.89 189 1354  6.17 5.03 8.84
A 5 A 200 400  31.8 10.2 23.0 255 17.6 14.2
BT S (E
Background value for soils in Xinjiang 0.12 0017 112 19.4 493 26.7 26.6 68.8
IR O L 1L

Risk control standard for soil contamination 0.6 3.4 2 170 250 100 190 300

22 HEHESRITRIGEITEN

I X IR SR L AT ST 5 R L 3. MR 3 AT/, i X LB & 8 e £ e 4R
B IX T 4 R 45 TS Y8 B Jy 0.38, Hik H I T 4 R 4 A Vo Y A R BN HoR B>T 11 B>
FEE>RFB=36 H>REE, i T HARE LR b+ As T X S BRE, LTS B AT Y8 8
B WFAE X A3 4 R T R TS Y SR A 45 SR L, Hs YRR B R, G i 4 R A
JCE Z A AR M BT 45 5 (55 4) AT A&, BR Cr. Cu 5 Hg. As. Pb AHICHESS Ab, HARTT R Z M 7E 7R
Uf A AH OGP, T As-Hg. Pb-Hg. As-Pb #HOCHE R £ 43 5112 0.903. 0.806. 0.802, i 1 0.01 7KF- &b 21
R, A7 As, Hg. Pb A 7EAHRIR AR, i 2 il /Y, R E T4 As U R M & T BT =
(B, Ui P A — @ B A i RN, a8 () oA b 52 R A s 5 WF 98 2 B0 He As., Pb FEOR A ACHTE
By, 02 K IR RN A T AR T R A 245 R A0 28, i X E T 2 oA b R KU, 25 b, TE YRR EE A T IR
A el A A i P R A 24 el s i, XTI B RN AR 24 5 4 el + 38 4 B A FHHLERE Ryt — AR 5T

F 3 LHESE AN s BN AT R R B E S TR

Table 3 Statistical table of soil heavy metal pollution index and comprehensive pollution index

X3 .

Region Cd Hg As Pb Cr Cu Ni 7n P.

36141 36" Regiment (n=11) 021 001 042 010 021 022 014 0.19 033
795 E Ruogiang (n=30) 025 001 045 011 027 028 016 021 035
HAH Qiemo (n=18) 025 001 071 012 021 022 015 021 051
R 8 Minfeng (n=7) 031 001 040 010 023 022 016 021 033
FHE Yutian (n=2) 024 001l 049 0.10 023 021 015 021 037
FE Cele (n=5) 022 001 034 010 019 019 012 019 027

AFRBURE 55 All samples (n=73) 025 001 049 0.1 024 024 015 021 038
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Table 4 Correlative analysis of soil heavy metals
JGZ& Elements cd Hg As Pb Cr Cu Ni Zn
Cd 1.000
Hg 0.466™ 1.000
As 0.410° 0.903™ 1.000
Pb 0.355° 0.806™ 0.802" 1.000
Cr 0.467" 0.252 0.087 0.120 1.000
Cu 0.541™ 0.307 0.179 0.168 0.982™ 1.000
Ni 0.569™ 0.456™ 0.347" 0.360° 0.942™ 0.961 1.000
Zn 0.684™ 0.695™ 0.6917 0.639" 0.620™ 0.708" 0.8117 1.000

T #FFIRLE0.01H M (BUR ), AIENE i35 *FUR1E0.05% I (RUR ), IStk i 5.
Note: ** is signifcance at the 0.01 level; * is signifcance at the 0.05 level.

23 TIELAERGDESE TR S E N LR
WG IX A BT FE X LB TR AT E S B TR S ER A R IR S, EERITRE
ERBLE 2. WF5E X LR h i 4 @ ST R AEAS R APl X & A7 e [m], F I B 208 Cd & & i,
R E2r4rh He, Pb, Cr. Ni & & feiar, 36 HIZLAH As, Cu, Zn & &t BF9E X L0400\ M 42 )8
JCE M E L XN Cu(0.1242)>Zn(0.0948) >Hg(0.0343) >Cd(0.0135) >Ni( 0.0127)>Pb( 0.0026) >
As(0.0022)>Cr(0.0018), i 7T IX Fdl A9 21 X} Cu A9 & 4R BE S8, XF Cr iU & 4ERE 14055, 5 M
4JBICE (Cd, Hg. Cu. Ni. Zn) B R Em AR MM mfE THE, THE, THE RFER 36 4,
Ifii Pb. As. Cr JGE MY & 5 R B0 FIFE A& B AR R, AR T HAD 8 4 8 0 2 5 4R R AR

®S5 AP ESEITE S EMECAT R, mgkg!)

Table 5 Average contents of heavy metal elements in jujube (by dry weight, mg-kg™)

DXl .

Region Cd Hg As Pb Cr Cu Ni Zn
3641 36" Regiment (n=11) 0.00151 0.00070 0.035  0.052 0.088 3241 0398  6.876
#7958 Ruogiang (n=30) 0.00198 0.00065 0.019  0.045 0.098 2872 0336 5354
HAKEH Qiemo (n=13) 0.00189 0.00090 0.029  0.053 0108  2.697 0338 5493
=8 Minfeng (n=7) 0.00154 0.00111 0.027  0.054 0156 2921 0483  6.644
T HE Yutian (n=2) 0.00298 0.00083 0.025 0.050 0.117 1988 0314 5.614
FHE: Cele (n=5) 0.00231 0.00015 0.022  0.039 0.076 2777 0261 5927
SHREURE 5, All samples (n=73) 0.00189 0.00073 0.025 0.049 0.104 2859 0354 5.788

0.160
0.140
0.120
0.100
0.080
0.060

Enrichment factor

0.040
0.020

0 36[4]36th regiment
B8 HA&Qiemo
8 T [ Yutian

@ #FRuogiang
~ R FMinfeng
8 K ¥ Cele

Cd Hg As Pb Cr

2 BIRXESEICREYE LR

Fig.2 Bioconcentration factor of heavy metals in study
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2.4 ME-LTACR G G R A fE R KU T A

I ARAE Y- NS 5 B AR AR . (R XS DA I DR PR 75 e 5 R A9 A A
G E R LTk, B2 0 T2 R0, B KU PP A A5 1A 1 S50 XU RS ARE 8 0 S50 R 5
B, BRI R IL A (3)—(6) . FJE i Tk 2 X5 Yy 2 5 i pIL B DGR ZORA 7 A7 1 Al
P, SRR AN E MRS 50 5 PR DT IR AR HE, 2R T SR B N PR AR X TR 3 n] LR 5 X
QW REEAT 9 1) B O RE o s AN E MRS T U ik R B IRANT : (1) %2 AR 1 73 A1 PR L
(2) AL R AR o3 A7 R BEAIL AR s (3) 18 FH R AL 4% 149 2 K00 51 i Ay Fi AL, iy HEASCADL A6 SR B M R 2
i, LA A B KU PEAN B TR S R 6.

R 6 (EFRNB M B S 4L

Table 6 Model parameters of health risk assessment

it e ey ptigm  TWEH
Variables Symbol Unit Distribution Distribution Puo
parameters
cd (0.149,0.278) 0.124
He (0.023,0.009) 0.133
As (13.268,4.087) 0.179
T4 Pb Fassds  (19.208,1.853) 0.087
Soil (n=73) Cr Ci meke! Nommal — (61257,15634)  0.124
Cu (25.403,7.219) 0.088
Ni (29.120,5.373) 0.101
7n (63.486,9.434) 0.115
cd (0.002,0.001) 0.300
He (0.001,0.001) 0.438
As (0.023,0.009) 0.108
ST TR Pb 7 T (0.048,0.014) 0.231
Jujubes (n=73) c “ mg ke Normal  (0.102,0.046) 0334
. : :
Cu (2.807,0.429) 0.079
Ni (0.337,0.077) 0.080
Zn (5.405,1.291) 0.142
UNES S ARSI NE YNGEE S
AR H PR R pE CR, ke-d S4M i Point 0.05 _

Daily average exposure of the human
diet to jujubes*

TR
NARAR T ** Body weight** BW ke XPEERS 53 (67.52.12.22) B
Log-normal
B - - =gt
BRI ** Exposure frequency EF da : 350(335.365) B
Triangular
TR ** Exposure duration** ED a M i Point 20 —
SOEH R AT [E]** Averaging time** AT d M Point 25 550 —

TE: *ERA T S s R A = FRR R T E AR RS E TN ORAE), 2013, FREERAE.
Note: *was come from local field interview survey. **were as prescribed by the Chinese Exposure Factors Handbook (Adults) (MEP.
2014).

1 6 LT A 8 R 4 JE T K & i 1T Kolmogorov-Smirnov 1E & PEKG L, 3¢ 6 7] LUFE H i
SR IX F M A E R iR FEYE T IES S (Pk.s)>0.05). FIH Crystal Ball ZX{4#E17 10 000 ¥ Fifi
UG, 45 W36 7. (P95 IX 4 J8 JLE Cd. Hg. As. Pb. Cr. Cu, Ni, Zn il i £ 45 AR R TR
P B AR B A ER 1 H S 24 2 558 43 )l 2.55%1075, 1.83x1074, 1.30x107, 2.77x107°, 5.63x107, 6.67x
107, 1.59x107*, 1.22x107° mg-kg'-d". A0 KU PEN 45 R R B, 8 T 43 8 7o 2 A B0 F IR 45 %
MK EFNFLEL A Cu, Zn, Hg, Ni, As, Cr, Pb, Cd; JEEUE @ FELE A5 500 0.01(HI<1), B 48 T
Fil 2 AR R BB AESOR K, 5 ZHU 207 5 78 245 1 — 80 Zom RS IR 45 53R 0,
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WS IXBUR N 1 As BUEUR XIS A8 B0 = T He, (BB T AR AT 52 B B0 KU G L2 9, BIF5E X
53 JE B BUE MBS FE BN 6.80x107°, i BRI F X 4 Jm 70 28 4 1A £ A IR A0 A AT #4808
R T OWIHEIX b G o AR AR B A B XU AL

Table 7 The non-carcinogenic and carcinogenic risk index of heavy metals in the study area

TLE
Elements RID; ADI; HQ; SF; CR;
Cd 0.001 2.55x10°® 2.55x107° 0.38 9.69x107
Hg 0.0003 5.49x10°® 1.83x10™* — —
As 0.0003 3.89x10°® 1.30x10* 1.50 5.84x10°"
Pb 0.0035 9.69x10°® 2.77%107° — —
Cr 0.003 1.60x1077 5.63x107° — —
Cu 0.04 2.67x107* 6.67x107° — —
Ni 0.02 3.19x10°° 1.59x10™* — —
Zn 0.3 3.67x107* 1.22x107° — —
TE: “— R IEEUE, TOSFAUE.
Note: “—"means non-carcinogenic, no SF data.

ARG S RIS AN E MR A A5 2R, BFEAT SRABORE S A, ke ] W i A A B ) XU B, BPA £ TR 7,
AR i A 4 R T AR AL A Y R R AT, BRI TR AL AR S (18] 3) . RO, 8 P B R
TCER R XU I 45 2R R BURE Bl G Gy, Horp Cd JT R TE R 3E P A9 35 X7 28 D B Y 2 58 i 12
B R AT S, LAY 7 Bl 5 i T AR AR LU AR A A P A R R R A D TR R4 F A 2
PRI AR T FO B XS R B 1) R 2N 7

1 1 1 1 J
0 20 40 60 80 100
Sensitivity/%

B3 WX\ 4 Jm e 3R U A

Fig.3 The sensitive analysis of eight heavy metal elements in the study area

3 2515 (Conclusion)

(1) B Kb AR B 241 7= L Cd., As, Hg. Pb, Cr, Cu, Ni, Zn % 8 i E & J8 L R 7E LI AY
HEE N 0.10—0.34, 0.01—0.04 . 5.80—22.60, 15.16—23.13, 38.77—96.25, 13.12—41.18, 17.30—
40.34, 40.47—82.36 mg-kg !, FTAALE T RIK T (GB 15618—2018 + HEFREE i i 4% Fi b + 1 y5 e
IRV P bm o (A7) ) P - 38 pH KT 7.5 X6 1o A9 XURG: B 26 (i, Forp Cd. Hg. As. Cr Al Ni SR & & &1
(B TR e 7S Sl HIRE SR LR A AR EOYE R 0.38, JB TR RS,

(2)BF9E X 2 & Cd. As. Hg. Pb, Cr, Cu. Ni, Zn %5 8 f 8 4 J& JT 10 & &= 21 M 0.00189,
0.00073. 0.025, 0.049. 0.104. 2.859. 0.354. 5.788 mg-kg'; H:A: W& S HE S XN Cu>Zn>Hg>Cd>Ni>
Pb>As>Cr; ZLAN Cu A HRIY & LR ST, T8 £ RECH 0.1242.

(3)WF5E KT AE L A M R IR R T AEBURERZE A TR 80 0.01(HI<D), AEAEIESEUE K
B, As Il Hg 0K 2 88 0E A A5 A A6 i 50068 S
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