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Risk assessment of nickel in soils and crops around the Ni-Mo polymetallic mining area in Songlin, Zunyi,
China

ZHANG Di', ZHOU Ming-zhong"", XIONG Kang—ning’, GU Bing—qian', YANG Hua'

(1. School of Geographic and Environmental Sciences, Guizhou Normal University, Guiyang 550001, China; 2. Research Institute of Karst,
Guizhou Normal University, Guiyang 550001, China)

Abstract: To understand the contamination degree of nickel (Ni) in soils around the Ni—-molybdenum (Mo) polymetallic mining areas in
Songlin, Zunyi, China and human health risk of this heavy metal in crops planted on these soils, the content of Ni in 51 soil and crop sam-
ples was analyzed. Furthermore, the pollution degree of Ni in the soils and human health risk of Ni in the crops were assessed using the geo-
accumulation index and hazard quotient, respectively. Firstly, the results of the present study show that the soils have high Ni content with
an average of 157.1 mg-kg™ in the upland soil and 197.0 mg- kg™ in paddy soil, which are significantly higher than that (33.0 mg-kg™) in
the reference soil sample. The results also reveal that the concentration of Ni in the crops (Chinese cabbage, radish, sweet potato, rice, pep-
per, and maize ) ranges from 0.36 mg-kg™ to 59.97 mg-kg™'. Except corn, the average content of Ni in individual crops exceeds the Ni stan-
dard limit(grain:0.40 mg- kg™, garden stuff:0.30 mg-kg™") reported in the Manual of the Standards for the Physical and Chemical Inspec-

tion of Food Hygiene. Further, the analysis of geoaccumulation index indicates that the upland and paddy soils might be polluted by Ni
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(most of the soil samples present an evaluation degree of mild to moderate pollution, and some with heavy pollution ). Simultaneously, the

analysis of human health risk index suggests that the intake of Ni from each crop is lower than the exposure reference measurement and that

the corresponding health risk index is <1, indicating that the risk of Ni caused by individual crop for adults and children is less. However,

when all the six crops were included, the Ni health risk index for adults and children is >1, suggesting that the health risk of Ni to human

might be caused by long—term regular consumption of these crops.

Keywords: Ni—Mo polymetallic mining area; soil pollution; crop; health risk assessment
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Figure 1 Sketch map showing the sampling sites of the soil and crops around the Ni-Mo polymetallic mining area

in Songlin, Zunyi, Guizhou
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Table 1 Contamination degrees corresponding to geoaccumulation indexes
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Table 3 Nickel concentrations in soils around the Ni-Mo mining

area in Songlin , Zunyi, Guizhou(mg-kg™)
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Table 2 Values of the parameter used in the calculation of health risk"**"~!
E G 2R LT JLERE LN P 3/
Parameter symbolic Designation Unit Children’s values Adult’s values Source
ED AR IR a 10 30 [27]
EF TR HR d-a” 350 350 [28]
BW RSNy kg 16 62.7 [29]
AT A EEE a 70 70 [27]
RfD ELRAHES TN mg-kg'-d”! 0.02 0.02 [10]

TE B T IR R AN S ) B S 0 P e

Note: It is assumed that the cooking process does not affect the activity and toxicity of heavy metals.



360

URIEIRCX ity S 385528

50%, WS YL I FE SR A S AN, & H R 25%, R TS
PTG PR 44 o 20% (K4, B12) . B
DX KRR A Ni H SR B HE B0 A3 1 0.60~3.13,
X I P95 Y G BITE 1~4 22 (8], FH L (A5 YA B D 25
RNREEI R EGY BTG PG
15 Yy —FE 5 YL FE TS gL 9 RE O 0 0 o T A RE S Y
27% .55% 9% F1 9% 1 IL] UL , 38 SLRARK Ni-Mo £
4 JE 7 X A 2 Y A M A AR AN ) R B Y N TS e B
RGP FEAE PR e rh G Y-
VG2 (8] Ry S YRR R B T E V5 Y, XL
AR Y Ni b SRRSO -0.83, 15 Y4l S 0 (75
o), R A A G BoRZ 0 X W) 5 R
B IR BN V5 e A
2.2 RIEMNi & =R R X IE4
2.2.1 LRAEYINi &

WX ARAEYIFE N & A 45 SR 9 F 3% 5.

60

[0 41 Upland soil
sof — O 7K F L Paddy soil
§
=401
g
S30f
=
20t
K
HT 1
0

(0,17 (1,21 (2,3] (3,4] (4,5] >5

Ni # 2FUHEE Geoaccumulation index of Ni
2 AR LA NS LMM RIRIBERER S

Figure 2 The frequency distribution of the geoaccumulation
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indexes of Ni in different soil types
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Table 4 Geoaccumulation indexes and pollution degrees of Ni in the soils around the Ni=Mo mining area in Songlin , Zunyi, Guizhou

4+ Upland soil JKAE £ Paddy soil
5 Lo 25 R 5 Lo g5 R P Lo g5 PR
GD-1 0.22 1 =31 S H-1 1.82 2 rhiz S-1 0.71 1 iz S
GD-2 1.07 2 i H-2 0.46 1 =358 S-2 1.35 2 i
GD-3 2.94 3 thEE-E H-3 0.45 1 B S-3 271 3 -
GD-4 1.53 2 pEE H-4 0.76 1 g S-4 0.83 1 =33
GD-5 1.01 2 rhE H-5 2.48 3 - S-5 3.13 4 Y
GD-6 0.81 1 RpF H-6 2.48 3 - S-6 1.32 2 rp i
GD-7 0.55 1 E=3S H-7 0.66 1 E=3 s S-7 1.73 2 rp iz
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Table 5 Nickel concentrations in crops around the Ni-Mo mining area in Songlin , Zunyi, Guizhou(mg-kg™, dry weight )

VEW) HRELK Grain B %2 Vegetables
Crops IKF (n=4) EK(n=3) T (n=4) F12%(n=2) B (n=4) % M (n=3)
Rice Maize Sweet potato Chinese cabbage Pepper Radish
Ni 0.91 0.37 59.97 1.78 0.92 1.26
0.48 0.27 3.13 2.94 3.97 24.46
9.32 0.36 6.62 3.87 2.43
0.71 2.08 1.36
HE 2.86 0.33 17.95 2.36 2.53 9.38
Frif PR 0.40 0.40 0.40 0.30 0.30 0.30

Fo RMBXHENI-Mo ZERBH K RIEMNIBANERBRX I
Table 6 The daily intake(ADD) and hazard quotient(H(Q)) of Ni in crops growing in the Ni-Mo mining area in Songlin , Zunyi , Guizhou

RIS IKFE (n=4) FK(n=3) 2 (n=4) M3 (n=2) B (n=4) % N (n=3) SRS
Crops Rice Maize Sweet potato Chinese cabbage Pepper Radish Total risk
LUN ADD 9.35E-03 1.09E-04 5.88E-03 4.64E-03 1.66E-04 6.15E-03 2.63E-02
HQ 0.468 0.005 0.294 0.232 0.008 0.308 1.315
JL# ADD 7.33E-03 8.53E-05 4.61E-03 4.04E-03 1.08E-04 6.43E-03 2.26E-02
HQ 0.367 0.004 0.231 0.202 0.005 0.321 1.130
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JEre 25 G B T IX A3 Cd U TLL Cu Fl Zn A9 5L
P01 FRATT R Pearson A ¢ Z HOE X4 X -3 p
Ni 5 HAh 5 4 & o0 R Z [ A St EA T e BT (R 7)
Al L, Ni 5 Cd, Cu Fl Zn Z (8] B9 AH 56 2 500 5 R
0.953.0.662 F110.885, - H.i@ 1 1T 0.01 7K A9t 2 1
R4, Ni 5 TLZ [A] AR OC R ECH 0.480, 384 1 0.05 7K
) A S, R FINI S Cd T, Cu fl Zn Z (A1 2 A
B B AH S 5 Cd T, Cu T Zn 6 9 18] [R) A HL A 5
FR SN . 25 F R, X 5 A ER 4 8 5o A IR ok
Ui o G55 MBI Z T X 3 T Cd e 20k
JRGETTFRAR (4 TURT Cd FER IR T R K H FlA AL
451, Bk ZI0g it o IR SR X NI TR
FEORPEF Ni-Mo i1 41 L H Bl A (R ) i Kk
X — WL

ATE U, FITRFFE 0 IX (1) 6 Fh A VR 2 H B[]
FREE Y Ni &5 . AT HA b X 52 Ni ¥ G iR A
V1,0 XOKRE NI S TARK T NiE e 5
PAEY Ni 25 1 (1.84~4.63 mg-keg™ )R AL i
X KA Ni 7 (0.69~4.14 mg-kg™ )™, 7 X g 322K 4E
P Ni B it i T IR ZE AR L 75 3 X 8% 38 Ni 7 i (2.23~
7.99 mg - kg™ )T H T AR R SEAE Y Ni 7 it (0.06~
0.46 mg - kg )P AL F I AR B PE ) XK Ni & &
(1.28~17.50 mg - kg )™, B FHO%F A AE W) Ni & 4E R
BTy 2250 M2 W, 3 50 Ni FIA 80N XHEY Ni &
LERE I IFE R RO — B0, B 398 Ni 5 i AR R
FE e T ARAEY NS E AR, ABIESE /M

F7 RMEXMHNI-Mo ZEBH X TIENi 5HA
BEcBRTEMEXRY
Table 7 Correlation coefficient between Ni and some other heavy
metals in soils around the Ni-Mo mining area in Songlin,

Zunyi, Guizhou

Ni Cd Tl Cu Zn
Ni 1
Cd 0.953™ 1
Tl 0.480° 0.428" 1
Cu 0.662" 0.607" 0.881" 1
Zn 0.885™ 0.888™ 0.599" 0.834" 1

T+ RN A R B 0.01 KT B B3, *FoRAH R R EE 0.05 7K
BT

Note: ** indicates that the correlation coefficient is significant at the
level of 0.01. * indicates that the correlation coefficient is significant at
the level of 0.05.

K SARAED) N3 & R F ENL RS i, 5P
W NI SR 22 SR B, IR R B 2 SR
MNi-Mo 242 J@ ™ X AAEY) Ni 24 X - HE B Ni s,
CEA T i X R EY 0 NidE B .

A AVE D) Ni fe B XU 6 25000 £ B2, 0 IX 45 AR A
W N fg B XUBSEH8 504 /N1 1, s B — B 4
W% N AAR T A 1 it B JRURS A /N o 1T AR A 400 N 5 o
AR B, BR RSN LA AR AW Ni B i 2 o A R0
SERR . AR P 5 1 JELR AT R SR AR Y R
6 65 75 76 X A VE DR A T Ni it BRE JRURS: A7 st R P
R B 4 R O 1 353 2 (4R 9134 H 4%
IR by A i R g — R R P B R IR )™, B
B AR AE 0 (0% e BRE DRI F #0455 48 S B 15 450 b /1 o
L, FEPE A el A rp iy 2 BE 2T M B R E iR
B KRB RS B E SRR 4 H , A
WFFE R EoK CH S R N oy e AR AEY)
BHETEARE, &SRR ED 60
d, FECIIID, K CH S SRR b H SRR R
N S R 2 G N E R e SN N E B
BN R 2 ) N B XU 8 550 9 K 0.066
3.579.1.411 F15.612, XF JL 3 i A 14 Ni fidt B XU 16 %
43924 0.052,2.805 ,2.457 F13.910, A FF-H{dt bl
RV , Bk 2 H 8 SR8 S A7 70 v B4 N fi B XL
W DR, A J5 AE A AR Py f B JRUBS: PE AR A5, XA
[7i) ol 28 A A 1 P T A TR 1) 2 6 o B ) O 5 R
A

25 F TR, 3 UMK Ni-Mo 2 4 J& i X Ni T &
ERAE T A A (S ) 1) 3 AR e,
SRS X LRI A TN EE, $5—
SRR 1 398 NG V5 e AR AE D NG f B IXURS , (A5 T
JR R Ni IR LA SE .

4 g

(1) 52N 128 SUFABK Ni-Mo £ 42 J& 7 X 52 3 1 Ak
- NiES A= 5 h 157.1 mg-kg_l F1197.0 mg:*
kg™, 345 X B A L DM A - NG S RN 1
REE T AR (GB 15618—1995) Al — 2 bR ; 6 Fhi 4
Yy Ni &5 2 JE M 0.36~59.97 mg - kg™, [ E K AP H:
RANEYY- 10 T e o R DA FRAL A B v
VAR Ni bR R

(2) i ZFFEHOEM 45 R R0, 5 X P4 £ Aok
T - 24 78 52 AN R PR A NGy e, 35 e PR 2 oM 4%
FEVG YL B R G Y- G Y 0 LRk R T E S
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Jeo WX KA TRASFM T A A (S £71)-1
SE-AEYIR NGRS e, LSRR S B T NI Y
B,

AT T K119 6 FAAER) Ni A /N T
e 2 TR RN SRR XU 48 BN T 1, R
B G rp — Rl AR AR X s I L B 3 B A Ni e
12 RNt A BT i i = A R L (7 DN L -
F187 N fl R XS, 8 B R T 1, A7 — 7 AR R XL
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