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Abstract : In order to understand the heavy metal contamlnation of 5011 ar{é vegetables in the vegetable producuon system of Zhejiang Province and the health risks of vegetables

oonsurrigd by residents; typical vegetable production bases in Zhejlang Pravince were selected as the study areas; 102 pairs of vegelable and soil samples were collected; the
distribution characterisii tics of heavy mefals Cd, Cu, Pb, Cr,'As, Ni,-and Hg.in the wégetable production system of Zhejiang Province were analyzed, and the ecological health
risks of the vegetablé“production system were systematically “evaluated using=the 'N;:merow composite pollution index, potential ecological risk index, and dietary exposure
assessment model. The results showed that Cd in the soil seriously exceeded the standard, with an exceedance rate of 97.2%. The main risk of soil pollution was moderate and
mild, and'the highest risk was Cd, followed by Pb, Cu, and As. Among vegetables, only a small amount of bean and fruit vegetables exceeded the Cd content, with the
exceedance rates of 12. 5% and 8.7%, respectively. The BCF of different types of vegetables differed significantly and could be ranked accordingly: leafy vegetables > hean
vegetables > melon vegetables > root vegetables. The non-carcinogenic and carcinogenic risks of Zhejiang residents consuming local vegetables were within acceptable limits,
with children being more at risk than adults (P <0.01), and Cd and Ph contributing the most to health risks. The overall vegetables produced by the vegetable production
system in Zhejiang Province were at a safe level, but there is a need to strengthen the control of Cd and Pb pollution sources.

Key words:: heavy metal contamination; health risk; Zhejiang Province; vegetable production system; enrichment capacity
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Table 1  Detection methods and detection limits of each index
FEA AT LY o 7 i Kt PR/ mg-kg ™' AT L7 iORIIDIRES KB/ mg-kg ™!

Cd ICP-MS 0.002 Cd 1CP-MS 0.002
Cu XRF 1 Cu ICP-MS 0.05
Pb XRF 2 Pb ICP-MS 0.02

b Cr XRF 2.5 o3 Cr ICP-MS 0.05
As AFS 0.5 As ICP-MS 0.002
Ni XRF 1.5 Ni 1CP-MS 0.2
Hg AFS 0.000 5 Hg ICP-MS 0.001
pH ISE 0.1

1) ICP-MS F7R HU BRI & 45 3 7 B ; XRF 78 X HEIO0EITN; AFS FORIET2O0L 1k ; ISE 7R B T HE ik ik

1.3 BTG JE TG Y A S RSP T i
1.3.1 NP L AT5 Y45 5L
PIRER £ 5 15 YA 50 T LA sk g0 3 0L PR 35 1
S IR Wi 22 Fh T 4 JE TS U 0 R R XU T
WP
P, = C./S, (1)

P, = (P, +P,)/2 (2)

K, P,oNEEE WA P15 8 5UE, €A
AR RS SR, S, M EEE AR R
SHAE , AW L 38 0 8 B K bR (GB 15618-
2018 ) 4% FH b 4 HE 75 YL KU i e (5 M N & %
. P, WNME RTS8 EUE, PR P, 1Y
5, P, H P, W RAH. 4% 975 Y KU 25 2% %1 43
mk 2 fimR.
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Table 2 Classification standards of single factor pollution index and Nemerow composite pollution index

BRI YAEE(P) 1Y WA R G TG YRR (P,) 15 YL A5

P, <1 Tei5 s (H4x) P,<0.7 i (%4)
1<P;<2 RS Y (R L) 0.7<P,<1.0 i I (R

2<P,<3 R RE S e 1.0<P,<2.0 R Y

3<P,<5 H g 2.0<P,<3.0 TG Y

P, >5 i E S Y P, >3.0 R Y

L. 3.2 WAE X R L

1980 4 H1 Hakanson"® 45 H A9 ¥ 76 KUK 45 50T
Wrids e 1 49 G 5 G X AR AR PR BT Y S, 1
T TV A A S PR v R AE A S XU 15
YNWAR

RI = > E = >T xC/S, (3)

=3

BEESRE RS RinE

sUip R R TG RS A 1 R S fE B 18, Y
—EEEIR ARG FRE, C WEEE M
S, RBHM, T RN R, P A
J& Cd, Cr, Ni, Pb, As, Cu Fl Hg 057 2 57 43
S430,2.5.5,10, 5 f140. Hakanson X 7EA4E
AR HE BEH AR 43 a0 3 s,

e |
* ¥
__-"' i

Table 3 Classification standard of potential ecological risk-index ilF R 1

SIS e S AR B (B ) T A W e s RO A M R 5 ey
E, <40 ﬁJ Rigio |0 &
40<E' <80 i 110<R1<220 e o
80<E <160 B 2 220<RI 440 L v EAF
& 160S ! <320 Yy =4 PRyt . S mE L
< B 2320 W /4 g | - P 'f,-
| ‘.‘.l- i 1" i ‘ .. " = .w f: ."'I n . :
1.4/ BRI R RPN r % T BY, A W THO A1 TTHQ T 1. 0, 3275 ARETE e

14t fEsum g

SRR S PRETE IS S YN S
SERA XS NP 1 f 5 , 5 7 SO A T B
SRR AR TR S I B R VS Y SRR
EEEI’\J&%%RL ﬁ, Z'—‘I?Téﬁﬁ B */T‘ﬁ%u‘z/%ﬁ% ( target
hazard quotient, THQ) F1Z¢ & H 451G % R 532 (total
target hazard quotient, TTHQ ) R NG PN 1]
I ) E SO XU AT PEA T3 A O
C, x IR x EF x ED

EDT = BW x AT (4)
THQ, = EDI/RfD (5)
TTHQ = iTHQL (6)

A, i oA KESE EDI N AREE H BRI,
mg- (kg-d) ™5 €, NHEEEGR A, mg-kg™'; IR
NHEM A H AR kg-d™'; BW g AREF 414
H; EF WBEBEHR d-a™'; ED RN E],a; AT
R R BREL; THQ, S HARfE# R4 RID W%
#i, mg- (kg-d) ', Cd, Hg. As, Pb, Cr, Ni 1 Cu
4351 0.001, 0.0007., 0.0003, 0.0037, 1.5,
0.02 F10.04 mg- (kg-d) ~'; TTHQ FnE 4 HIRfG

; [ e WEE T PEVE . 4 2500 I 4.
JEaJR @, Cr Ni, P, As. Cull Hg W] LI

s

F4 BEXBEERBRISY

Table 4  Dietary exposure model parameters of vegetables
BRI 3 WAZEME  ILESEME SCHik
IR/kg-d ! 0.301 0.231 [18]

BW/kg 63.9 32.7 [18]
EF/d-a”! 365 365 [18]

ED/a 77 9 [20]

AT/d ED x 365 ED x 365 [20]

1.4.2  Bum R

Hugea KUK ( cancer risk , CR) /248 MATEALATT Y
— A W AZ AR (0 R B 3R] DA i B0 P AL
FI 0 5 T KO- AT PR AN AN, B0 KUK (total
cancer risk , TCR) 1] FH T A5 TR G135 Y4 ¥ 1) BUE G
E. CR A TCR M54 R

CR = EDI x SF (7)

(8)

A, CR W —H 48 M BUE AR, TCR B iy &
&8 BUE AR, SF R BUERPRE T, Hr Cd, As,
Cr Al Ni BAA 08 /E N, BUBERHRE 753008 6.1,
1.5,0.5 f10. 84. TCR fE ML 1 x 10 " FREA
FUE S T 1 x 10~ 7R XU T 4257

TCR = Z CR,
i=1
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2.1 HHEESE SRS SR T
2.1.1 +HEFESEEGE

s X LW ESE S E RS PR,
w(Cd), w(Cr), o(Ni), @(Pb), w(As), w(Cu)
Ml o (Hg) B4 5% 0 0.47, 54.13, 20.97,
56.51, 11.40, 66.83 F10. 13 mg-kg ™", JLE 5N
0.15~1.41, 37.55 ~93.90, 10.82 ~41.34  14.55
~139.87 ., 7.65 ~32.48 _ 45.58 ~117.08 #10. 08 ~
0.29 mg-kg_l. YT E  HIEREE R A+
B RS A AR ME (IX47) ) (GB 15618-2018) H1AY 1=
ST 4 R O R, DF ST IX A T 5 g R T 4R
PR :97. 12% (Cd) . 3.85% (Pb) . 2. 88%
(Cu) F10.96% (As) , BHK Cd BYBIR R85, HIF
ARt S R A, R E 4R bR A
B SECH BRI T PR X R SR
[ 84 % 4 85 1.929% (Cd) | 38.46% €Ph) |

RIBPREE. BAN, SHTA LR SR R
Fe,Cd. Cu, Pb Fl As 3% 4 Flt 5 4 J& BH ol 1 35 5
8,239 i S A 2,35, 2,29, 1.73 Fi1 1. 84 15,
FEHAF I IX Ay v 5 5 X,

BAORE R IX HEE SR & Eas b AR 5
K, B SRR M. 49.27% (Pb) . 36.11%
(Hg). 31.62% (Cd). 30.25% (Ni). 28.01%
(As) . 23.41% (Cr) F121.99% ( Cu) . 255 244 mT LA
S+ A R TG Y 5 AT Z M R AR S
EX G NN I NE R BB o N | X
Wilding ™ X725 5 F2 B 19 5 9%, Ph Al Hg by i B 75 57
(CV>36% ) ,HoAx s M 4@ b A R (16% < CV
<36% ). H:H1 Pb(49.27% ) A5 5 REE K, AT RERZ A
FE BRI, 15 B Ph 15 e A IS Bl 2 B A 25
FEACHER . BRI R T 32 A3 T e A
Wk L AT KR X 4432 5 T G gy, $heh
FAIR Cd 153 E HAE R Cd 5 As ARG
(r=0.89, Pj<0.01) I fit-5 52 4 N 0 4

100% ( As) . 2.88% (Cu). i34 CF Ni FiHg ¥k EAMEHRESBA RS iR cd, 70
— . ®S, MREHTAEIAESRABAE o 0 '

Y Z Table 5 Statistics.of heévx.ﬂﬁ&la@gl-" content of vegelable growin‘é Soils in the study drea 3
431 — !« K A Ni ALY Cu  Hg .
SN ' L 1.41 93,90/ 41.34 139.87 A0 5243 117.08 0:29 4
IS 0.15 .55 | v " 10.82 14.55 7,65 45.58 0.08
wag Y | _0.47 I 54403 20,97 . 56.51 11. 40 66. 83 0.13
e . 4 0.45 stss "'ijg_..ag"f 48.08 10.90 62.79 0.11
st : 0.3 200 " 100 120 30 100 2.4
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Table 6 Comparison of heavy metal concentrations in vegetable soils in different cities and regions/mg-kg ™!

HE X FEAR (n) Cd Cr Ni Pb Cu As Hg SCHik
WX 102 0.47 £0.15 54.13 £12.67  20.97+6.34  56.51 £27.84 66.83 £14.69 11.4£3.19  0.130.05 ABF5E
iR 86 0.17 £0.07 — — 27.01+7.62 27.93+14.52  7.72£3.01 0.49 £0.38  [27]
Jemri 319 0.24 £0.28 75.71 £47.21  23.48 +3.91 23.82 £6.09 24.96 £4.68 7.71£4.50  0.08+0.06 [28]

; N 1.60 8.62 9.04 16.02 26.9 7.95 0.42
I KR % (0.37~2.11) (5.20~19.80) (6.20~15.81) (11.21~22.50) (4.50~104.11) (4.26~11.51) (0.03~1.12) [29]
Kb 57 0.31£0.14 62.21 £20.30 — 35.67 £8.93 — 15.10£4.26  0.17+0.13  [30]
BRI = 50 1.61 £0.11 — — 46.21 £6.50 23.81£2.82 — — [31]
0.16 73.52 23.42 34.95 29.66 9.24
I
AT 1o (0.02~0.84) (32.37~355.01) (1.64~64.01) (18.31~104.00) (4.84~150.00) (3.09~33.21) [32]
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210 S i N 25 2.35+0.41 — — 38.8 £33.27 50.38 £57.6 — — [34]
P KREA: 46 1.61 £1.44  87.40+221.30 38.73+17.71 10.56+13.38  101.25+39.24 — — [35]
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Fig. 2 Ecological risk of soil heavy metal pollution in the study area
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Fig. 4 Bioaccumulation factor of heavy metals in different vegetables
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Table 8 Single factor pollution index and Nemerow composite pollution index of heavy metals in vegetables
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