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Pollution assessment and enrichment characteristics of heavy metals in farmland vegetables near a mining

area

TU Chun-yan'?, CHEN Ting—ting"?, LIAO Chang—jun', CAO Fei—shu', ZHANG Chao-lan'?, ZHOU Yong—xin'?, XIE Tian'

(1. Guangxi Bossco Environmental Protection Technology Co, Litd, Nanning 530007, China; 2. College of Resources, Environment and
Materials, Guangxi University, Nanning 530004, China; 3.Hunan Bossco Environmental Protection Technology Co., Ltd, Changsha 410000,
China)

Abstract: To clarify the pollution of different vegetables in a farmland near the Nandan mining area in China, varieties of vegetables
suitable for planting in the area were selected to reduce ecological risks. Based on in situ sampling, the Cd, As, and Pb pollution status and
enrichment characteristics in the edible parts of these vegetables were evaluated and compared using a single—factor pollution index,
comprehensive pollution index, bioconcentration factor, and systematic cluster analysis. Leaf vegetables and radishes were also selected to
analyze heavy metal enrichment in different plant parts. The results showed that the farmland soil in this area was heavily polluted with Cd
and As, and the edible parts of the vegetables were mainly polluted with Cd. The Cd—enrichment capacity of different vegetables followed
the order of: leafy vegetables > solanaceous vegetables > root vegetables > gourds > cowpea vegetables. The order of the enrichment
capacity of similar species, namely leafy, cowpea, and solanaceous vegetables, for the three heavy metals studied was Cd > Pb > As, and the

general trend of the enrichment capacity of root vegetables and gourd vegetables for heavy metals was Cd>As>Pb. Among these vegetables,
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the heat—resistant sharp—leaf lettuce exhibited the strongest capacity for Cd and Pb enrichment, while ginger had the strongest capacity for

As—enrichment. Based on an analysis of the accumulation of heavy metals in different parts of leafy vegetables and radishes, the trends of

Cd, As, and Pb concentrations showed that heavy metal concentrations in the edible parts of the plants were lower than those within the

inedible parts. Overall, different species of vegetables had different enrichment capacities for heavy metals, and vegetables were more

susceptible to Cd contamination. Among the analyzed vegetables, leafy vegetables had the strongest capacity to accumulate Cd. Therefore,

to ensure the safety of those consuming vegetables grown in this area, leafy vegetables should not be planted. Furthermore, the study

recommend the growing of momordica charantia, taro pumpkins, seven—inch ginseng carrots, purple sweet potatoes, and other gourd or root

vegetables.

Keywords : farmland soil; vegetables; heavy metals; pollution assessment; pollutant enrichment characteristics; accumulation capacity
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Table 1 Investigation information of vegetables

DR KA H B A [i]
Vegetable types ~ Sampling fields Vegetable varieties Time
-3 #2 mFE 15 H W (Brassica oleracea L. var. capitata L. ) . YR-%¢ 0 1 ¥ (Brassica oleracea L.var. 20184F 11
Leafy vegetables capitata L. ) M i 2 R H W (Brassica oleracea L.var. capitata L. ) BT B W0 [ (Brassica rapa var. H25H
Glabra) GBI & 1175 (Brassica rapa var. Glabra) Wil /IN [ 28 (Brassica rapa var. Glabra) B
B /N 56 (Brassica rapa var. Glabra) &I [TBESE (Brassica rapa var. Glabra) RN Z ALl
iU (Brassica parachinensis L.) 3t #4292 il 2 3¢ (Lactuca sativa var longifoliaf. Lam) | It 3%
[Brassica juncea(L.) Czern. et Coss|
#3 715 H i (Brassica oleracea L.var.capitata L.) \YR-£& It H # (Brassica oleracea L.var.
capitata L.) \HH 590 H 8 (Brassica oleracea L.var.capitata 1..)
FINSES #3 K F K G (Vigna unguiculata) .4 445415 M (Vigna unguiculata)
Cowpea vegetables #1 EFERKLK E A (Vigna unguiculata)
DI =S #1 T it 1 (Lycopersicon esculentum) 35 jifi 2 (Lycopersicon esculentum) jifi F 1 (Solanum melongena 20184F-8 J
Solanaceous L) i T 2(Solanum melongena L.) . HFM(Capsicum annuum 1..) F8 KA (Capsicum annuum 12H
vegetables L.) MU (Capsicum annuum L.) EFI( Capsicum annuum 1..) B Capsicum annuum 1..)
R #1 )N 1 (Momordica charantia 1..) .75 )X 2(Momordica charantia 1..) EWF—"5 &5 JX (Benincasa 2018 4F- 11
Gourd vegetables hispida var. chich-qua) &7 JK(Cucurbita moschata Duch.) H25H
B2k #1 LE 22 1(Zingiber officinale Roscoe) £ 22 2(Zingiber officinale Roscoe)
Root vegetables #2 YR MERELCE b (Raphanus sativus L.) £~ ANSLLE N (Raphanus sativus L.) Dy /R AL K
(Raphanus sativus 1..)
#3 22 1 (Solanum tuberdsm) 2% 2(Solanum tuberdsm )
85% SLiH
0 10 20k S
A U EXS: 7S
S,

B 1 fRXMRS
Figure 1 The location of the study field
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Table 2 Situation of soil pollution

I H Ttems

SEHB#T Field#1

FH#2 Field#2 FH#3 Field#3

EeReE Cd

Heavy metal concentrations in soil/(mg-kg™)

As
Pb
BRI cd
Extractable heavy metal concentrations in soil/
! o As
(mg-keg™)
Pb
A RA RS R Cd
Heavy metal extractable index
As
Pb

pH
AL Organic matter/( g kg™ )

2.76+0.21 2.49+0.36 2.85+0.51
962.00+15.56 906.79+98.47 890.70+82.52
167.50+13.44 115.17+2.53 185.91+30.11
0.86+0.08 1.94+0.10 1.84+0.12
17.42+3.39 20.60+0.55 13.00+2.12
16.88+3.24 28.67+1.34 39.10+5.56
0.34 0.68 0.63
0.02 0.02 0.01
0.15 0.15 0.22
6.14+0.05 5.52+0.51 5.24+0.17
18.80+0.45 28.60+0.56 19.50+0.17
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Table 3 Analysis pollution index and enrichment factor for heavy metals in vegetables
BRI PRTERER  gavars mmEirs EREERAM
Vegetable B ABAT Vegetable varieties Single factor pollution index Comprehensive Contamination  Bioconcentration factor
types cd As Ph pollution index level Cd As Ph
3% R F 1S 210 060  0.67 1.68 R 0.168 67 0.000 33 0.001 74
Leafy (Brassica oleracea L.var.capitata L.)
vegetables 24 it 2t ] H iR 260 046 0.77 2.05 GRS 0.208 84 0.000 25 0.002 00
(Brassica oleracea L.var.capitata L..)
YR-£#41 H ¥ (Brassica oleracea Lovar.capitata 1) 2.95 090 1.00 238 LRES 0.236 95 0.000 50 0.002 60
3454 1 5115 (Brassica oleracea Lovar.capitata 1) 2.50 050 1.47 2.06 i 0.175 44 0.000 26 0.002 02
SRR H W (Brassica oleracea Lvar.capitata 1) 1.95  0.52 0.93 1.60 B 0.136 84 0.000 27 0.001 28
Wi 590 H i (Brassica oleracea Lvar.capitata 1.) 145 048 0.65 1.19 B 0.10175 0.00027 0.001 05
HrE #0011 (Brassica rapa var. glabra) 1.15 054 1.13 1.05 =35 0.092 37 0.000 30 0.002 95
YU E N5 (Brassica rapa var. glabra) 200 084 2.23 1.98 =353 0.160 64 0.000 46 0.005 82
W53/ 13€ ( Brassica rapa var. glabra) 370 232 327 3.41 W 0.297 19 0.001 28 0.008 51
Bk K/N2% 56(Brassica rapa var. glabra) 120  0.50 0.93 1.05 L2 0.096 39 0.000 28 0.002 43
B A3 ( Brassica rapa var. glabra) 140 118 2.17 1.90 L= 0.11245 0.000 65 0.005 64
TN Z B0 (Brassica parachinensis 1.) 325 0.68 1.33 2.61 o 0.261 04 0.000 37 0.003 47
HRIHMESE (Lactuca sativa var longifoliaf. Lam) 430 158  4.10 3.84 Gilis 0.34538 0.000 87 0.010 68
F¥2E[Brassica juncea(1..) Czern. et Coss.] 0.80  0.46 1.41 1.18 =S 0.057 97 0.000 24 0.002 53
(i Mean 0.177 00 0.000 45 0.003 76
CINCES TG HF A K 50 (Vigna unguiculata) 0.80 220 2.30 2.05 RIS 0.028 99 0.001 14 0.002 75
Vt:;:;i; 4 F£ KT (Vigna unguiculata) 074 026 1.09 0.91 HARFR  0.02596 0.000 16 0.001 37
4 LR 4T G A (Vigna unguiculata) 0.80 0.8 131 1.08 L= 0.028 07 0.000 17 0.001 64
{8 Mean 0.027 67 0.000 49 0.001 92
DI E=S T 1(Lycopersicon esculentum ) 120  0.04 0.00 0.90 ek PR 0.021 74 0.000 02 0.000 00
Si"g‘::if;b 31 2(Lycopersicon esculentum ) 100 004  0.00 0.75 Sk 0.018 12 0.000 02 0.000 00
Wi T 1(Solanum melongena L..) 620 022 027 4.66 CiNEs 0.11232 0.000 11 0.000 16
Wi T 2(Solanum melongena L..) 7.00 0.4 0.00 5.23 i 0.126 81 0.000 07 0.000 00
A Capsicum annuum L.) 460  0.06 0.00 3.44 iy s 0.083 33 0.000 03 0.000 00
T8 KM (Capsicum frutescens 1..) 393 0.08 0.00 2.94 rp i 0.07126 0.000 04 0.000 00
ZEHL( Capsicum annuum 1..) 1.60 004 020 1.21 B 0.028 99 0.000 02 0.000 12
B Capsicum annuum 1..) 460 006 040 3.46 G 0.083 33 0.000 03 0.000 24
PR Capsicum annuum L.) 580 004  0.60 4.37 G 0.105 07 0.000 02 0.000 36
¥J{E Mean 0.072 33 0.000 04 0.000 10
PR K 1 (Momordica charantia 1..) 0.60 028 020 0.49 e 0.010 87 0.000 15 0.000 12
Ve(jzgses N 2( Momordica charantia 1..) 0.80 030  0.00 0.62 LA 0.014 49 0.000 16 0.000 00
° 2B R (Benincasa hispida var. chich-qua) 120 0.20 0.00 0.91 SR 0.021 74 0.000 10 0.000 00
W IN( Cucurbita moschata Duch.) 020  0.08  0.00 0.16 LA 0.072 46 0.000 08 0.000 00
HJ{ii Mean 0.029 89 0.000 12 0.000 03
HutRZE 5 1 (Solanum tuberdsm ) 0.19  0.18 0.00 0.19 Ys 0.006 67 0.000 10 0.000 00
Vegf;’;’liles K2 (Solanum tuberdsm) 0.19 020 0.00 0.19 YA 0.006 67 0.000 11 0.000 00
H: % 1(Zingiber officinale Roscoe) 140 240 1.43 1.40 o 0.050 72 0.001 25 0.000 86
132 2(Zingiber officinale Roscoe) 230 3.00 218 2.30 i 0.083 33 0.001 56 0.001 31
P RARASLL S N (Raphanus sativus L.) 0.85 038 0.58 0.85 eyl PR 0.068 27 0.000 21 0.001 52
5P ASELE N (Raphanus sativus 1.) 0.65  0.84 0.00 0.65 & 0.05221 0.000 46 0.000 00
IRE I b (Raphanus sativus 1..) 1.00 042  0.00 1.00 R 0.08032 0.000 23 0.000 00
HJ{H Mean 0.049 74 0.000 56 0.000 53
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4 Ja LR s Qe AR B A T A A, i ER 4 WAL, 3P B2 ' ' ' '
4R U R R T AR 15 Y 1Y BTk AKE g As
Cd>Ph>As. 5 AR
23 ARMEGEARNBIESBEERNERIN
K R G R 53 BT ik A Ta] Fh 2 5% 58 m] 350402 @ MK
MO 4 8w AR RE 1 AT e, AR 2 AT A, i R fgg
K BERA HURI PR+ HE Cd RIS AE 7 7T 43 € raxs
R 2 AR RS S S R BN 0.042, iRk
NEE WM B e R R BN 01785 £F X PhT &R R
TGy 3 S AR SR AR AL 2 REHAHE S R E RN R EA &R
N RRICRE F , ~F- 34 6 56 R K 0.000 2, 55 — 3 HL Figure 2 Cluster analysis on enrichment capacities of different
G, AR RE T, T E AR RO 0.001 9,5 = vegetables for heavy metals

R4 BRPEEERTRTREE

Table 4 The contribution of different heavy metals in vegetables pollution

HREoLR bRl bRifERE 25% G 50% AL T5% M 15 YT
E =) = AL A SN v
Heavy metal i Standard Standard Hi/]\ﬁ Eij(ﬁ 25% of the 50% of the 75% of the ERRER Contamination
’ Mean L Minimum Maximum R : . Factor score
elements error deviation quantile quantile quantile degree
Cd 22846 0.248 1 1.789 0 0.190 0 2.300 0 0.8250 1.600 0 34750 1.140 6 1
As 0.6058 0.098 4 0.709 7 0.040 0 3.000 0 0.158 0 0.460 0 0.640 0 -0.726 0 3

Pb 0.8165 0.1351 0974 1 0 2.3000 0 0.600 0 1.3192 -0.416 0 2
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Kot R E R IRE T P E RN
0.003 65 As JLE A 40 NS, 55— i SR 28 AR
FL N, AR RE JT , T3 E A R ECH 0.000 09,55
TSR MRS O ORI AR S A K, R v W
I, F I EE R ECH 0.000 5,
24 FHE R THHNESERESHT

1% 5 AT, 3 B0 EE 4 J A SRS [R] 0 A7 F) vk
JE AR A 3R < Hu R ER, WA A
TR > LR, 2 8B5S D Cd . As . P V& 5 AR A 3y
LA < AEPTEFRAL . [R]85 38 AN [H] b rl
RO A BV A AE 25 5, B D AT AL Cd R B K
NIRRT S N > R IFARLLE | > LA S
BN AsHETASAE b > B/RBEAE D> IR
WARGLLEE b, Pb it R ARARLL S R F A WA 5 it
A Cd L Ph ¥R B S = N LI I 2228, As &
SR PRI/ I3 . RS2 AN ol AL
Cd & s YR bRifEZR | 753 i = Flr As 1 Ph A5
B NAE AL As Al Ph YR

3 itig

EN R R o VK L e R

PR KN A Cd>Ph>As, X 5 HIER 3F R4 @A
RS R BRI Cd>Ph>As FUHEAT R, 158 B A [ 22 4
JETE LAY R G AT B A T 4 R R
HAE P RAPE A K, X S AR R ARG I ot 45 1
— B, A BSOS A ) N A R OR A 4
B Z /05 + e T 4 R 1A RIS B G, X
NELEEN S, LEPESRNA RS SRR, R
SR RN E SR SRk, R R RS8R SR
I [ e A ) 5 DR TR0 5 57 0 4 J Vs Y R FEAN [, 52
K FEEZ Cd.Poig e HiF R F U7 Cdi5 gy, ¥
FEZ Phim gy RAER 5 REH X Cd 1Y 'E 4 g
FIR/NF Jg 22> RS> B S HUR ST E
28, A > BRI T i, BL g SR 5 AWF R 45 R —
M O T AR R S R B B AR AR AT
TR BRI s AN ] LR A o 4 s 1 A A AR BT
&5 AT RSB IC RN RE 2R R, I
Ab AT GE R ] — b BRI AR G 3 FhH i AT & Cd
Ph BB T 3 15 H > b 2k 5 > h H 509 H i,
3F0E M EEAL Cd & R SR R b > RS
L8 b>tPASLE b AR BB SR AR b
o] i) 4 e SR AR 22 S5 02 P T S A e ) A AL

CES

RS MRERE MERFM ERMTRESERE (mg-kg')

Table 5 Concentrations of heavy metal in leafy and radish vegetables (mg-kg™)

Hb T (A ) T 4 e

H T ORI ) T v

B D Concentrations of heavy metal in above Concentrations of heavy metal in below
Vegetable Vegetable varieties ground(stems and leaves ) ground (root block )
pes Cd As Ph Cd As Pb
M3 #2503 15 H W (Brassica oleracea Lovar.capitata 1) 0.42+0.04e  0.30£0.03ef  0.20+0.03g  1.10£0.01b  2.40+0.06a  1.09+0.08h
ve{::?afl})lles #2 W2 ih 8RR ( Brassica oleracea L.var.capitata 1) 0.52+0.03d  0.23£0.04g  0.23+0.06fg  0.82+0.05d  0.65+0.04gh  0.43+0.08g
° YR-£&41 H 1 (Brassica oleracea Lvar.capitata 1) 0.59+0.03¢ ~ 0.45+0.05d  0.30+0.04ef  0.94+0.05¢  1.10£0.07¢  0.69+0.07def
B E 0 I (Brassica rapa var. glabra) 0.23+0.02f  0.27+0.03fg  0.34+0.05¢  0.35+0.03g 0.80+0.06fg  0.17+<0.01h
BB E 1755 (Brassica rapa var. glabra) 0.40+0.04¢  0.42+0.06d  0.67+0.06c  0.69+0.03¢ 0.63+0.03gh  0.58+0.05fg
Wi /N2 (Brassica rapa var. glabra) 0.74+0.07b  1.16£0.01a  0.98+0.07b  0.97+0.05¢  1.28+0.08d  0.83+0.16cd
M BN 56 (Brassica rapa var. glabra) 0.24+0.03f  0.25+0.05fg  0.28+0.04ef 1.10+0.03b  1.50£0.16¢  0.77+0.16cde
U IR ( Brassica rapa var. glabra) 0.28+0.06f  0.59+0.04c  0.65+0.05¢  0.55+0.05f 0.71+0.05fgh  0.41+0.09g
I ZHE T30 (Brassica parachinensis L.) 0.65+0.01c  0.34x0.02¢  0.41+0.03d  0.98+0.0lc  1.70£0.20b  0.52+0.10fg
PUHRMIM A 3 (Lactuca sativa var longifoliaf. Lam) 0.86+0.08a  0.79+0.03b  1.23+0.02a  1.50+0.02a 1.80+0.18b  1.79+0.15a
#3 50942 1 5 H W (Brassica oleracea Lovar.capitata L) 0.50+0.03d  0.2520.05fg  0.4420.03d  0.62+0.03f 0.56+0.05h  0.8020.09cde
#3 W b4 [ (Brassica oleracea Luvar.capitata L) 0.39£0.03¢  0.26+0.04fg  0.28+0.03¢f  0.35+0.03g  0.60£0.08h  0.63+0.06ef
HH 590 H i (Brassica oleracea Lvar.capitata L) 0.29+0.05f  0.2420.01fg  0.200.04g  0.61x0.04f  0.85x0.07f  0.90+0.03¢
EAN R ARABLT ¥ N (Raphanus sativus 1..) 0.39+0.04a  0.52+0.02¢  0.66+0.07a  0.17+0.01b 0.19+0.02b  0.18+0.01a
Viﬁﬁeq £ ABLE b (Raphanus sativus 1.) 0.27£0.05b  0.72+0.05b  0.52+0.02b  0.13:0.01¢  0.42+0.01a <0.01£<0.01b
TR b (Raphanus sativus 1..) 0.33+0.05ab  0.86x0.07a  0.49+0.02b  0.20+0.01a  0.2120.01b  <0.01x<0.01b

T« RIS [ /NG 8 AN ) A SRR [ it o 1) 5 32 4% 390 02 B 2 e 5 1k 22 7 235 (P<0.05) ¢

Note: Different lowercase letters in the same column indicate that there are significant differences in heavy metal content in the parts of vegetables

among different varieties of the similar vegetable types(P<0.05).
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B NSRBI >, AT ST 45 R -5 4 I SR 5T 4 2
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AL B AN [ 25 B L Hh B0 B < Jom Wk AN ], HE g
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AN TA] 8 A A A B T RO B SN T 4 R ) 446 %) R
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SRS TR IR 75 H G SR AN [a] 75 B X B i 10 B A
PRAETT B AR AL £ 2 4, PRI A2 42

4 ZEig

(1) R 8RBT 5 2k Je 2 ) S vk, £3Eh o
Iv) 5 4 | () A= W0 AR TR] A 9% X35 4= 38 Cd 1
A= 1 ROPE 2558 T Ph R A

(2)B K3 Cd As Phis e B 5 & 8 7F 131
W AR A RO A O AR BIFSE T Cd 2 i B SR 4
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