(4!l

N

RSB R:
h— [Z = 2 | ; Ptteget

XRiPIZiis http. //www.aed.org.cn

e
B RVE R X 3 K RS E 4 R TS IR B A2 XS PR

ViR, KRR, S, BRZEE, BR#k

Sl A

Vo s, bR, ThAeAs, A5 SN BRI ER A X A 39 K5 2 T 4 T YRR R AR R XU DA [T Al BRUR 5 BREE 2A 4, 2020,

37(2): 293-300.

TEZR R View online: https://doi.org/10.13254/j.jare.2019.0066

L] RO BR A A R

Articles you may be interested in

AL B SR 48 B S b i 4 R b

PN, 2235, T SUER, B i

N FF G FR AR 2019, 36(2): 236-244  https://doi.org/10.13254/j jare.2018.0163
ST AT XA - HE-TFOK RS 4 5 Y KUK PR

WRi, FHLoR, EO500, RTT, XUH

N FE PRSI 2018, 35(2): 161-166  hitps://doi.org/10.13254/j.jare.2017.0258
ERYTINT IR K i, BR[0T 4 V5 e et S e e Ve VEAfY

WIS, SRS, A, x5t

B IR SR 2R 2019, 36(6): 839-846  https://doi.org/10.13254/j.jare.2019.0187
o eV E e ST b w82 U I G i R A B A o B i)

YR o mORARTT, 2R, SRR, Mg, 1R, TRV

LV BT S PRI R. 2018, 35(1): 17-23  hitps://doi.org/10.13254/j jare.2017.0159
RESTERYERG IR0 3 4 T YRR B A R XU PN

XN, BRAR I, 25 R, B e, s, X3, skanis, 7o

F B IR SR 2R 2016, 33(3): 221-229  https://doi.org/10.13254/j.jare.2015.0306



http://www.aed.org.cn/nyzyyhjxb/ch/index.aspx
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2019.0066
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2018.0163
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2017.0258
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2019.0187
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2017.0159
http://www.aed.org.cn/nyzyyhjxb/ch/reader/view_abstract.aspx?doi=10.13254/j.jare.2015.0306

KA E R 5 IR F R 2020, 37(2): 293-300

ok, Bl R, ERSEA, A5 L SNSRI ITRNGE i X -3 R S 4 5 YA E R AR KURS: PR D], Al BRI R, 2020, 37(2): 293-300.
JIANG Zong-hong, LU Feng, MA Xian—jie, et al. Characteristics and health risk assessments of heavy metals in soils and vegetables in manganese mining

areas in Tongren County, Guizhou Province, China[J]. Journal of Agricultural Resources and Environment, 2020, 37(2): 293-300.

= MR- B RE T X IR IR
F 4 B 5 A TR R B KU S A

FREE,L B OR?, BAKR, BRZZ2, K &

(1SR M REE R RS PREE TR ARE , $2FH 5500255 2. 5% PHEE SIS BB IR A /], 52BH 550002)

W OB O TR X T RN EE 3 R IR TS QAL PPN R XU, LA SH N R A AR AR S SRR R R X
HERIBE S MW IE X 4, 3 850 DX AN [ R B R A 2.0 kem S8 RPN ) 1 3EREE S, 20 B - 498 3355 BB 11 3% s I i 7 BL R #F
sty T L 5 JR 2 AU R , SRe B DR s B0 RN ER BT e 1 O 0 T G R U Y AT, LR R IXUBS: PP AR R X AR
W R X BRI 55 3 T RE ™ AR A fa B RS EA T 1A o 25 SR R 87 X 30 Min  Hg SF 395 20 S0 48 1 38 58 A9 2.56 . 1.55
£, Cd P30 it g e Pt o A A FH b 1 3 7 e USSP iE (304 7) ) (GB 15618—2018) FRR{E Y 2.20 1% . L5515 P du 5ot
T A X O E TS Y, B T X T EETS O U E SRR X O R EETG  o SE T A KU T A 25 R ] - 3L
P AU (R ) A5 4.31x 107 a7, 1 A 4557 5 AR B0 KU (HIn) Ry 4.21x 107 a7, NAAEERRE XU Fo05t . BFFERWT, 500 IX 14 2 52 5
AN TR B 1 2 4 A T e, S 0 £ P RIS 8 £ T e 2 Y [

KEEIR TSR 05 B R U TEA

RE S ES:X53 XERARE A X EHS:2095-6819(2020)02-0293-08 doi: 10.13254/j.jare.2019.0066

Characteristics and health risk assessments of heavy metals in soils and vegetables in manganese mining areas
in Tongren County, Guizhou Province, China

JIANG Zong—hong', LU Feng’, MA Xian—jie', CHEN Lan—lan’, CHEN Miao""

(1.College of Resources and Environmental Engineering, Guizhou University, Guiyang 550025, China; 2. Guiyang Architectural Design &
Surveying Prospecting Co., Ltd., Guiyang 550002, China)

Abstract: To explore the characteristics of manganese pollution in manganese mining areas, and evaluate the health risk of heavy metal pol-
lution in vegetables, samples of soil and vegetables were collected in Yanglizhang, Baiyanxi, Penjiashan, and Pengcheng. These are manga-
nese mining areas in Tongren County, Guizhou Province, China. Samples were collected from within a 2.0 km range, at different distances
from the mining area. The composition and content of heavy metals in the soil and vegetables samples (including capsicums, cabbages,
pumpkins, eggplants, and cowpeas) were analyzed and measured. Soil that was contaminated with heavy metals was evaluated using both
the single pollution index method and the comprehensive pollution index method. The health risk assessment model was used to evaluate
the chronic health risk caused by eating vegetables that were grown near mining areas. The results showed that the average content of Mn

and Hg were 2.56 and 1.55 times, respectively, that of the soil background values in Guizhou, and the average Cd content was 2.20 times
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higher than that of the value specified in the Soil Environmental Quality Risk Conirol Standard for Soil Contamination of Agricultural Land

(GB 15618—2018). An analysis of the comprehensive pollution index showed that the Penjiashan mining area was heavily polluted, the

Yanglizhang mining area was moderately polluted, and the Baiyanxi and Pengcheng mining areas were slightly polluted. The results of

health risk assessment of heavy metals in the vegetable samples showed that the average value of R:(carcinogenic risk) was 4.31x10° a™,

which was acceptable. The HI:(non—carcinogenic risk) value was 4.21x10™ a™, indicating that the risk of the occurrence of non—carcino-

genic heavy metals in vegetables to human health was negligible. In other words, there have been varying degrees of heavy metal contamina-

tion in manganese mining areas, but the health risks by eating vegetables grown in these regions is still within an acceptable range.

Keywords : heavy metal; soil; vegetables; health risk evaluation
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Table 1 The content of heavy metals in soil (mg-kg™)

N " =
Min?:glzareas Sam?:lf;;:ites Pos%f/km pH Mn e Pb td Cr As He Zn Cu

RYA S Y1 0.3 5.60 1100 30200 30.70  0.49  48.00  6.04 0.13  109.00 21.90

Y2 0.5 5.32 1100 15100 31.00 039  40.10 838 021 5730  13.50

Y3 0.8 728 4700 26100 4450 127 6040  5.62 0.15  137.00 24.70

Y4 1.0 6.32 1900 29500 3690 095 6470  7.41 0.15 111.00 24.10

Y5 15 7.06 2900 36600 34.80  0.66 7340  5.88 0.11  116.00 24.70

By 632 2340 27500 3557 075 5735  6.66 0.15 10597 21.77

R Bl 0.3 6.39 490 13500 2330 062 1870  0.64 0.14 7030 1290

B2 0.5 6.44 420 17900 2870  0.67 4380  2.52 0.15  79.10 1430

B3 0.8 6.00 210 22000 3480 062 5690  7.10 0.16 8470  27.70

B4 1.0 6.84 2900 22700 3140 090  43.60  5.39 0.17  113.00 28.70

B5 1.5 6.04 280 25500 2390 041 4940  4.65 0.12 8570 2130

yfi 6.34 860 20320 2842  0.64 4248  4.06 0.15 8656  20.98

Ere Uil P1 0.3 775 7200 23200 24.80  0.61 2530 043 0.08  157.00 17.20

P2 0.5 7.21 4300 23800 2950  0.63  31.10  7.88 021 8690  19.60

P3 0.8 676 3000 23400 3040 078 2990 5.7 0.18 8560 1830

P4 1.0 6.22 990 27100 29.00 051 3070  4.89 0.14 8570  13.30

P5 15 6.88 1600 26100 22.80 070 3220 498 0.11 7850 1540

¥yfH 6.96 3418 24720 2730  0.65  29.84 475 0.14 9874 16.76

e Cl 0.3 5.47 1000 30200 2800 035 5780  5.26 0.17 8890 2470

C2 0.5 7.30 1600 30800 2470 052 4630 852 025  123.00 30.50

C3 0.8 6.42 2800 37300 3070 132 3880 1390  0.17  110.00  26.60

C4 1.0 4.96 1000 38100 3220 044 4550  7.68 021  116.00 22.10

cs 1.5 6.20 1200 31300 2410 023 3040  7.02 030  88.60 11.10

#fH 6.07 1520 33540 2794 057 4376 848 022 10530 23.00

¥fH 6.42 2035 26520 29.81  0.66  43.10  5.99 0.17  99.14  20.63

MR 1 HEE Sl 794 41700 3520  0.66 9590  20.00 0.1 18200  32.00

- BEIRIE R A bt A 5T 2 KU A b o G ) — — 90.00 030  150.00 40.00  1.80  200.00  50.00

(GB 15618—2018) 5.5<pH<6.5

T SN 14 Cd .Cr As Zn .Cu .Pb Mn Fe Hg T 5t {FR I T 0 (=1 2R 55 Wa 8L, 1990, —FrmprifE P R RLE

Note : Background value of soil heavy metal (Cd, Cr, As, Zn, Cu, Pb, Mn, Fe, Hg) in Guizhou Province derived from China Environmental monitoring

Station, 1990. — represents that the standard does not specify.
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R2 BEEEEEE(mg-kg)

Table 2 The content of heavy metals in vegetables(mg-kg™)

JLHE iH FRH Chilli 5K Pumpkin Jili 7 Eggplant HL 5 Cowpea 1% Chinese cabbage bR
Element ltems (n=9) (n=3) (n=2) (n=3) (n=3) Hygienic standard
Mn LR 2.62~16.10 2.37~4.47 1.89~2.23 7.98~12.20 3.99~16.80 —
B 5.07 3.21 2.06 9.43 9.51
Fe BNl 1.88~6.65 3.35~4.26 1.92~2.71 4.67~6.66 9.79~20.20 —
B 4.46 3.91 2.32 5.89 13.32
Pb I 0.010~0.050 0.012~0.046 0.008~0.013 0.011~0.109 0.016~0.046 0.3(0.2)
¥l 0.025 0.024 0.011 0.051 0.034
cd i 0.010~0.057 0.001~0.004 0.018~0.074 0.002~0.004 0.014~0.410 0.2(0.1)
¥yfi 0.028 0.002 0.046 0.003 0.028
Cr L 0.022~0.144 0.018~0.063 0.022~0.024 0.034~0.085 0.071~0.090 0.5(1.0)
¥yfi 0.074 0.037 0.023 0.052 0.079
As L 0.005~0.011 0.002~0.002 0.002~0.011 0.006~0.010 0.014~0.019 0.5(0.5)
¥ifE 0.007 0.002 0.007 0.008 0.016
Zn JL Rl 1.14~2.80 1.07~2.84 1.40~1.44 2.82~4.29 2.93~4.56 —
¥ 1.79 1.91 1.42 3.60 3.61
Hg L - — — — — 0.01(0.01)
¥fH — — — — —
Cll ?ﬁlﬁ - - - - - -
¥fH — — — — —

538 Ph.Cd . Cr As il Hg PR 2 IR P 5 Qe M BR ) (GB 2762—2017) . — 3878 & eI T46 1 BR bR v b R L n 2R RAE S,

TLAEARUERS A5 A LR Y FRAEL

Note: The limits of Ph, Cd, Cr, As and Hg in vegetables refer to the Maximum Levels of Pollutants in Foods(GB 2762—2017). — represents that the
content is below the detection limit or is not specified in the standard , n represents the number of samples. The value in the brackets of hygienic standard is

the limits of cowpea.

FE W . MK A USEPA #5 #ERY, Ph 45 Mn 9 RfD HX
3.57%x107.0.14 mg-kg'+d™'; As .Pb . Cd . Cr S0 38 i
ZH0 g5 HH1.5.0.008 5.6.1,0.5 kg-mg ™' -d'. PEM
AR 3,

HR 4 USEPA HEIL, A 5 A3 5 4 Jo1 A fgdt J JXUS: 7K
SEAE 1.0X107°~1.0x 107 ™' 22 8] /R A7 76— g AU, 15
A2, KT 1.0x10™ a R KU AN 83, /N T
1.0X10°a" RN A . 23 0] F H, AR B
) Fp B 42 & 19 HIL S RABR ], FLIR) A 8% 2 AN R 8 4
JE I HL S RAEWANE B R4 1 8% 3 B0 KU

SL 7> 3> BB > Al -, B0 KUK k> 11
SESPMSTL >R N . wt S Mgt SR =, Re i
BIE R 4.31x10° a™, KF USEPA #EIA fakt B XU (]
{H(1.0x10°a™) , {HEE AL/, BT Ak gk 3 h 80U =
2 I 15 X N AR FRAFAE — 5 B9 XU L L T 232
43 J8 B U K /MK IRA Re>Re>Ra>Rie HI 1Y
SEHIME Hg 421107 2, FE/NF 1.0x10° ™, ) 3 B 25
S AR B0 T 4 S8 5 Y X A A A 18 XU EE 634
ST 32 TP 5 R A e T 5 | f B0 XU iz
KT HE BRI

R3 GRESBFENERRETENR (a)

Table 3 Health risk assessment on heavy metals pollution in vegetable(a™)

3% Vegetable HIp, HIy, Ry, Rea Re. R, HIy Ry

B 1.40x107"° 5.88x107"° 4.26x10” 3.42x10° 7.41x107 2.10x107 7.28x107"° 4.38x10°°
N 1.35x10™"° 3.72x107"° 4.09%10” 2.44x107 3.71x107 6.01x10° 5.07x107" 6.79x107
¥ 6.17x10™" 2.39x107"° 1.87x10” 5.62x10° 2.30x107 2.10x107 3.01x107 6.06x10°
CINGY 2.86x107" 1.09x10” 8.68x10” 3.67x107 5.21x107 2.40x107 1.38x10” 1.14x10°°

¥ 1.91x10™"° 1.10x10” 5.79x10” 3.42x10° 7.91x107 4.81x107 1.29x10” 4.70x10°°
¥yfi 8.14x107" 3.39x10” 5.81x10” 3.36x10° 5.75x107 3.76x107 4.21x10” 4.31x10°°
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