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Heavy metal contamination in soil-vegetable systems and its health risks in an area irrigated with acid mine
drainage in Dabaoshan, Guangdong, China

CAO Chun', ZHANG Song'"", ZHANG Peng', LIU Yu—chen®>, CHEN Xun—wen*, WANG Jun—jian®

(1.College of Geography and Environmental Science, Northwest Normal University, Lanzhou 730000, China; 2.School of Environmental Sci-
ence and Engineering, Southern University of Science and Technology, Shenzhen 518000, China)

Abstract: To study the effects of heavy metals in soil-vegetable systems and their health risks via the consumption of contaminated vegeta-
bles in an area irrigated with acid mine wastewater, the study sampled eight vegetables and their rhizosphere soils in polluted farmlands in
Dabaoshan, Guangdong Province. Belowground bioconcentration factor and translocation factor were calculated to analyze the absorption
and translocation of Cu, Zn, Cr, As, Pb, and Cd in vegetables. Estimated daily intake of heavy metals via vegetable consumption and target

hazard quotient(THQ) were used for health risk assessment. The results showed that 94.9% of the soil samples exceeded the Soil Environ-

mental Quality Risk Control Standard for Soil Contamination of Agricultural Land (GB 15618—2018) for Cu, 89.5% for Cd, 84.6% for Pb,
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69.2% for As, 10.5% for Cr, and 10.3% for Zn. The concentrations of the six metals in the aboveground tissues exceeded Health Standard
for Zinc in Food (GB 13106—1991) , Health Standard for Copper in Food (GB 15199—1994) and Maximum Allowable Concentration in
Food(GB 2762—2017) for vegetables, among them Cr, Pb, and Cd exceeded the standards significantly. Furthermore, the accumulation of

heavy metals was the highest in Ipomoea aquatica Forssk, Brassica chinensis L., and Solanum melongena L. among all the studied vegeta-
bles. The results showed that the belowground part of vegetables had a relatively strong ability to enrich Cr and Cd. Although the soil Cr pol-
lution was not serious, there was a risk of co—pollution of Cd and Cr in vegetables. Cd exhibited a stronger migration ability from the below-
ground part to aboveground part of vegetables than the other metals. The health-risk assessment showed that the average THQ decreased in
the following order: THQ, >THQc, >THQca >THQp, >THQc, >THQz:; As, Cr, and Cd contributed more than 87% to the total THQ. Moreover,
the health risks of consuming heavy metal-contaminated vegetables were higher in children than in adults. Our results suggest that there is
serious heavy metal pollution in local farmlands irrigated with wastewater, and that /. aquatica, Brassica campestris, and S. melongena can

cause the highest human health risk among the vegetables. Thus, the consumption of alternative vegetables with lower metal accumulation

is recommended.

Keywords : vegetable; heavy metal; bioaccumulation; translocation; health risk assessment
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Figure 1 Sampling of farmland vegetables and soils in acid mine wastewater irrigation area
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1 KEABRERXTESESEESE5REMITERRIIEL (ng-kg™")

Table 1 Physicochemical properties and heavy metal content of vegetable rhizosphere soil in farmland (mg-kg™)

FhZ& Category Cu Zn Cr As Pb Cd
Eeiivtss 93.4+6.8 121.6+8.7 73.5+20.8 52.443.9 116.2+8.5 0.72+0.09
ARt 18.4+1.1 22.8+1.8 0.4+0.0 1.4+0.1 16.1+0.4 0.34+0.03
BRI LR EH L 22.2% 20.8% 1.3% 3.1% 15.9% 61.2%
A% FH i 35 e e (e 50 200 150 40 70 0.3
R R (B A e 94.9% 10.3% 10.5% 69.2% 84.6% 89.5%
A it TS YR — — 800 200 400 15
A B — — 0% 0% 0% 4.2%
A A At 224 256 — 48.6 149 —
S b, - 34 T ) 346.9 288.5 — 177.0 193.2 211

TR A LU R B AR e A

PILLAE s ML BRI Tt A b L 375 e R A e (G4 7) ) (GB 15618—

2018) 5 P11 43 M A4 Jm vk R 1o - 5 e i S R 0 80 R S BB LU s 07T 93 L A 4 e VR A o M5 e P (LR A B R B L

fi.

Note: “— "no data; * Ratio of the available metal content to the total metal content; " Soil Environmental Quality Risk Control Standard for Soil

Contamination of Agricultural Land (GB 15618—2018) ; © The percentage of samples with a metal concentration exceeding the screening value in all

samples ; ! The percentage of samples with a metal concentration exceeding the control value in all samples.
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4 Jm AR L T B SR R A o, o Cr Ph Cd B R
FEEE L Gy Ah LGSR N SE T 8 T R Hh 4
Ja R AR B S, o T AR A P A
o T AR R

WFFE X LATE BI04 2R v i 25 1) S8 9067 T 463
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12.53 mg - kg, As 1.97 mg - kg . Pb 2.95 mg - kg '",
AU TN 3 Fos | g s b7 24 1 4w A
Cu.Zn .Cd V5 F LA R 45 4, (H As . PhAILF LU
EWTSE o DAFEWTSE o & 70 As Ph o i TR 1
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T3 ¥ e 5 R A, SR B e T AR R Y
g i e m S B I, R 7N [F R R SR TEAR
[F) 138 55 18 X i 4 r OOR AR RE Y A
Hu R A R BB RN LI AR R AR
SR i R G LB . B4 R, P g
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Figure 4 The average belowground bioconcentration factors and

Bk P14 2 5
Average factors of vegetables

translocation factors of each heavy metal in vegetables

R 3B AR R BRI R Cr>Cd>Zn>Cu>As~
Pb. WS R, 0 63 I N Crfg i
FHE SRR ST, BBCF# KT 2, X Cd t A7 58 1) &
£ERE 1, BBCF KT 1. i F FIBURHL T X6 Cr A7 3
RS ,BBCF KT 1. b K& UZEE T &
FCAdA I s 4ERE S, BBCF KT 1, A #SEHT
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Figure 5 Belowground bioconcentration factors(BBCF) and translocation factor(TF) of six metals in different vegetables
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Figure 6 The contribution of each heavy metal to the daily intake

of children and adults
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Table 2 Assessment of estimated daily intake(EDI) of heavy metals through vegetable consumption(wg-kg™+d™")

P /5 O\ = P>
Residje\n%:jcgmup Daily diij»i(n)t:]i/kg'd" Vegi&ﬁiicies Cu Zn Cr As Pb td
JL#E 0.229 gt 56 194 52 7 4 9
g =d 143 322 179 17 6 24
I3 70 483 64 8 12 5
UNEES 124 1853 54 9 15 15
i 119 158 122 15 8 18
HHHR 104 300 39 4 8 9
K 84 1198 42 8 11 6
[EEE= 45 535 76 2 10 5
-y 93 639 81 9 14 7
A 0.357 FEnl 43 147 39 6 7 3
piEd 108 243 135 13 18 5
IrE 53 365 48 6 9 4
UNEES 93 1399 40 7 12 11
e 90 119 92 11 13 6
B 79 226 29 3 6 7
K 63 904 32 6 8 4
(IESE] 34 404 57 2 8 4
iy 70 482 61 7 10 5
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Table 3 Health risk assessment of heavy metals in aboveground part of vegetables

¥ Resident group BEIEANZ Vegetable species THQ.. THQ,, THQ., THQ., THQw, THQ« TTH(Q
L gt 1.41 0.65 17.33 24.34 2.64 4.29 50.66
p 3.58 1.07 59.59 55.3 6.85 6.35 132.7

IFE 1.76 1.61 21.44 25.46 3.37 4.95 58.59

NEES 3.09 6.18 17.87 31.64 4.42 14.57 77.77

¥ 2.99 0.53 40.62 49.4 5.10 8.49 107.1

PR 2.60 1.00 12.86 14.19 231 9.01 41.97

KE 2.09 3.99 14.1 26.03 3.16 5.71 55.08

S 1.12 1.78 25.37 7.36 2.99 4.83 43.45

SEH 2.32 2.13 16.9 29.6 3.8 7.23 61.98

A gt 1.06 0.49 13.08 18.37 1.99 3.24 38.23
= 2.70 0.81 44.99 41.75 5.17 479 100.2

Ir3e 1.33 1.22 16.18 19.23 2.54 3.73 28.05

UNEES 2.34 4.66 13.49 23.89 3.33 11.00 58.71

i 2.25 0.4 30.67 37.3 3.85 6.41 80.88

PR 1.96 0.75 9.71 10.71 1.74 6.8 31.67

N 1.58 3.01 10.65 19.66 2.39 431 41.6

U 0.84 1.35 19.15 5.55 2.26 3.65 32.8

S8 1.75 1.61 20.30 2235 2.94 5.46 54.11

T /N SR DA X N A e XIS, 52 i R P SR L
I 0 XK LM B SR B
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TR, RYIE Y 2 8 e p, A Jm f A
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E A B AR A ) AR T S e R R XU 1
AL e R A Mk o L XU o T AR
Ao B LE SR H A AGSAR TN i T 53R %
HAGE M AR KT 4, UHIRAU A 1 Retk 4L
555, 3 e 3 i) L2 DR 488 £ e S 0B ot XL Y
B,

K7 4% B Jm L ARG S R E(TTHQ)

AITTHR L. As Cr.Cd 72 )L # S E TTHRATR s

87%, N MG R E GRS T AR OU T, 21 As |
Cr Cd 3 A A9 AR T8 5 KU SR T oAt 3 7 B 42 J e
o DMEAE R, REIHIX Cd Zn Pb gy FEA
PR fih 7 8 O T R AT R BLBE SR S 5
UL R As  Cr 5 5 25, 73 40 Cd o e/ T I PP e
&)@ B Cd RS g P E AT AR, R TT 25 1
A E A

3 #ig

(DR FE A HH - S S R v, + 98 o 4 s 1 i i
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Cr37%
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Figure 7 The contribution of each heavy metal to TTHQ
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