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ABSTRACT: Objective To investigate the heavy metal pollution and health risks in grain crops and vegetables
in rare earth mining areas in Northwestern Hubei. Methods Samples were collected from 6 kinds of food crops
and 20 kinds of vegetables that local residents eat and grow locally. The content of representative heavy metals
chromium (Cr), lead (Pb), mercury (Hg), cadmium (Cd) and metalloid arsenic (As) in the samples was determined by

microwave digestion-inductively coupled plasma mass spectrometry (ICP-MS), the pollution risks of heavy metals in
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different crops were comprehensively evaluated by target hazard coefficient method, Nemero pollution index method

and single factor pollution index method. Results Rice, wheat, peanut, spinach, amaranth, sweet potato leaves and

other leafy vegetables, eggplant and shallot in the food crops in the study area had been polluted by heavy metals to

varying degrees. Most of the heavy metal pollution of food crops was single Cr pollution, and most of the pollution

types of vegetables were compound heavy metal pollution. Conclusion The health risk assessment shows that

eating rice, amaranth and sweet potato leaves planted in this area is very likely to have an impact on health; it is more

likely that eating wheat, lettuce and spinach planted in this area will cause heavy metal harm; excessive consumption

of locally grown peanuts, eggplant and shallots also has certain risks.

KEY WORDS: Northwestern Hubei; rare earth mining areas; heavy metal pollution; crops; risk assessment

0 35

TERBS M o, 48 EEIE#(Cr). #5(Pb). K
(Hg) . 4(Cd) K2 4x Ja i (As) 55 A= W 1 W 25 i e R U2,
UTEEAR, A AEY) P 0 4 5 Y 5 & AT 3 e ),
B AR Z 25 B T X AR i TP B A R TS YRR . T
il R JXUBS S IF TR 5, 0 /NG 25 1OV % B - 5 4 S T e
SRR AR TG Y F ORI, RS R B R
WX A H RSP AEAN R B 4 R i5 4, DA 3200
s HE RSN RBNGE Z XY S5 SE PAFAE Pb.
Hg. Cd. As (755 fMIbAEP % B FI B HL i S o0 5 8 B
ELE, HAbA X LR X A B B A ™ i TR 1Y)
BB YRR A IRE . E AR RN, RTX
TR X A b A T SR T Y 1 R KR O

SRPGALRR T R e A =, 7R TRIZ R, v
XA RSO A, 7T ITRERIEY . B3 siiRNm
ERURZ, HIIRORFST R B R R SRR L on R
fRERRE AU R R A A A e,
AHEPFR S PEICH L 0 XRIEY R S /A(E Cr. Pb. Hg.
Cd. As ERESEIGYL . O RUE RICE R XU, it
XY A 5 IS o 7R AR R S B
AR, SRAEASHIFIRE . TR H B &I 6 PR
20 FREESEAEAS, 38 BB 5 45 B 1 IR BT (inductively
coupled plasma mass spectrometry, ICP-MS)* £ JSFEA HH [ E
G B C R P TR MUY, PR AR £S5 R $9E (target hazard
quotients, THQ)!" 2% | PAIHFy5 YLkl il i5 4L
FEHE AT PP X SR A E Y R AP T4 15 Y A
S&ie diPNENIEIE R 58

AT LA PG AR 5 X AR A s 4, X
2 DX S5 - HE K AR 4 T Y S VAR 1 B S SR T
TEMY, A 2 H Al B iE 12 IR IR R R S5

1 MR5ERZE

1.1 HERKR
KA, FEPPE AT R X, BEECY A

il

FORE R IR R W B B R SR, 76 12 ASRAEITNBE
HURAE B A B ALY R A L3, /0
3ARFERAEERITTRAL, RAEYIRAETALY R il & S 57.
HORAE HIEREAS 80 1, MEEFEAMLES FHAK . /M. £
Ko LLERIZRARTEE . fetEdt 6 B, BFD 5 MR, HR
FE 30 4F; B3 20 Fh, BERD S AR, HOREE 100 14
1.2 XE5RH

X-SeriesII Y 1 J8HE G 55 2§ /R BT %A (3 B Thermo
Fisher Scientific 2\ #]); MWD-750 %5 =8 B o W (b
TS AT RN F]); DZF-6052 BL28 THH( Fig Rl T
BIHEABRAF]); XS104 4087 FKF-(REBE 0.1 me, i HAd-4C
£/ wl), Milli-Q-1Q 7000 FEZKAL(SEE Millipore 23 F).

fifiiR . SRR . bl hER(LSal, EZEAI L
WA BRAHD; 4 FhESEUL 1 Fib4 Rc R KT ER
HEVE (1000 pg/mL, [ AT (48 K s F# ko il ik v
), WIS TCE S ERRS, BRI AR R 1.
13 5 &
1.3.1 Hsara

K FRIBURRE 200 mgCRE % 0.1 mg)#) 50 mL 52 DU 96
CIETHRE, R AR RE . A A AL aliat Ak
A 1 mL FIEBEAEER 6 mL, 35 B35, MAIE R,
16 180°CHITREE T WM 45 min, REHFRFEREE 15 mL
T VU G, 20 0T AR SE R, AR R BGRR ORI e R A 3
150°C, MW AIARFE/NTIIA 5 mL 48R, HiFsE T,
FREm#A 4 ho GSRETEHRH, BB E 100 mL RIUH L
WA, W AN RRE K e 3~5 W, BIFFEA
B, EREREAIR .
132 #nFik

AT 5T H R R SERE AR 1 4 TR AT T 1k S R
FEMA M BEH AR EM I GB 5009—2016 ( &M%
SEZFhE BRPZITENNE ), B ICP-MS X454
AW Cr. Pb, As. Hg. Cd &7, I GB
27622017 { & hE A ERbRE SihEYeiRE ) Ihr
WESRTFPPAN . 25 (IR WO SLERE, WIS Pb. Cd. Hg.



5064 B dn 2 4 R R I A 4R

13 E

As.Cr # BRI A 0.020 ng/mL, Tl SR ASBFS A6 I A9 K
1.3.3 #F#Hik
AR5 e g Hak, HHEA I ():
o (1)
KO, P REDICE | IS5 HIEEG C _RIED LK |
SR s Co eV EW oo i IR EAREE, DLEZRAHK
FRUEIARIE, 15 AP 200 3% 1,

®1 BREFISERIEHRRS

Table 1 Single factor pollution index level
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Table 2 Nemero comprehensive pollution index level

ST YR AT YR R 1YL BE
1 P4<0.7 G4
2 0.7<P 4 <1 L
3 1<P 4<2 BRi5Y
4 2<P ;<3 s g
5 P 4>3 EREEA
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[E](365x70 d); RFD NAEEUE 11 IS5 AR Sk & )
T b [ e R 5 P AR 0.42 kg/d,
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4350 0.02, 020, 0.15, 0.04 kg/d, M3, TREEEM
A H1 0.3, 0.05 kg/d, Hid2 KRR ik 50 At
0.1 kg/d, B E N 0.05 kg/d,
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2 HREDH

21 WREEVMHESERSERA
WEVEYIH Cr, Pb, As, Hg. Cd & EIEHILE 3.
SERATHN: AEIOK R TR BEEX 4 R BRI, A
FICR M &R/ NER—BoEH, 4 Cr>Cd>Pb>As>He,
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Table 3 Content of heavy metals in grain crops (n=3)

ELE SR
FEA
Cr/(pg/g) Pb/(ng/g) As/(pg/g) Hg/(ng/g) Cd/(ng/g)

FoK 0.016+0.005 0.0070.002 0.0020.001 0.110+0.019 0.031+0.012
i 0.036+0.001 0.020+0.008 0.003+0.001 0.350+0.057 0.022+0.011
A 1.158+0.360 0.054+0.012 0.014+0.002 0.799+0.259 0.478+0.137
A 0.019+0.004 0.004+0.001 0.0070.002 0.494+0.124 0.010+0.005
KK 1.930+0.532 0.083+0.022 0.015+0.003 8.370+2.461 0.196+0.096
INEE 1.280+0.431 0.062+0.026 0.018+0.003 6.250+1.863 0.187+0.084
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Table 4 Heavy metal pollution index in grain crops

A m A T YR8

Per Py Pas Pug Pca

K 0.02 0.04 0.00 0.01 0.03  0.03
BT 0.04 0.10 0.01 0.02 0.01  0.08
A 116 0.27 0.03 0.04 0.10  0.85
a1 0.04 0.02 0.01 0.05 0.01  0.04
PACS 1.93 0.42 0.08 0.42 0.10 1.43

INAE 1.28 0.31 0.04 0.31 0.19 0.95

SHRN, FEARTRBIIOK /N RAEA 1 Cr 153K
g TRIGY, %R 2, EEMNENEGRG AT

IKTAR BV LR, KORMTE A R LE 515 oK TG G
2 4 AL SPPUALH £ KR BEYE SR IS IR
TR, NERIEAEMAAAEE Y, B RTE# N Cr, 1
HAh T 4 J@ 0 E 15 YK AR i P 0 T 2 B X AT BEAF
1€ Cr {54, HERT SOk /NEMAEA:, HAMMREIEYED
KWL Cr #br. IREPRIERATEL 2T Cr EHEE
FAERIEARER, FRXT Cr WESERE SRR, AWF58 ki
FIRA RN B AL, XA T a2 Cr {5 R BAR K
IR FEEERERIRTI R, TR Cr BERR
Fit 3 Cr {SYYmE TR, AR ER, 6 FEfE
Yip Cr {5 RN T K, LREAHTHREE R, &
AHFFE X L3 Cr V5 Y AT REPERS, EEX0 X -3 5
JLERRIINESE TixX— AR 5), Z 3 Cr & i,
M TR 1B Cr SRS BHE86 ng/g)

23 BRPEESERSERR
TESPPUILHG L0 XOR M 20 FiEE 2 FE SR &
HNE 6 fin,

*5 TEPEEESE(ng/g, n=3)
Table 5 Content of heavy metals in soil (npg/g, n=3)

HL)E Cr Pb

As Hg Cd

R 101.81+41.66 70.86+47.65

22.16£10.99 0.11+0.064 3.02+2.05

+x6 HmEPEEEEEMN=3)

Table 6 Content of heavy metals in vegetables (n=3)

) EEE S
R
Cr/(ng/g) Pb/(ug/g) As/(pg/g) Hg/(ng/g) Cd/(ng/g)

FIRE 0.049+0.013 0.016+0.006 0.004+0.001 0.666+0.368 52.743+31.026
B 0.063+0.022 0.050+0.017 0.011+0.005 0.899+0.413 168.940+96.335
Ir3e 0.042+0.021 0.020:£0.009 0.004:£0.002 0.544+0.272 60.526+38.137
R Hi 0.038+0.015 0.027+0.011 0.004:£0.002 0.9170.539 21.957+11.289
B i 0.094+0.042 0.038+0.017 0.017+0.005 1.038+0. 612 78.263+40.157
INE, 0.044+0.020 0.022+0.013 0.00620.002 0.876+0.532 88.437+46.029
pi e 0.048+0.021 0.034+0.016 0.0040.001 1.207+0.631 396.192+186.558

P 0.102+0.065 0.059+0.019 0.019+0.006 1.060+0.604 29.024+13.348
B 0.051+0.027 0.020:£0.008 0.0030.001 0.516+0.272 49.692+24.536
BRI 0.025+0.011 0.006:£0.002 0.001:£0.000 0.231£0.127 24.321+13.621
E1NS] 0.015+0.006 0.0050.002 0.004+0.001 0.285+0.102 16.614+7.863
G 0.015+0.007 0.0100.003 0.00120.000 0.245+0.126 10.006+4.521
MR 0.012+0.006 0.0080.003 0.000+0.000 0.278+0.137 3.118+1.375
HK 0.006+0.003 0.004+0.002 0.0010.000 0.152+0.091 3.649+1.769
HhF 0.016+0.009 0.0170.005 0.000::0.000 0.197+0.103 282.476+136.312
EZJ)N 0.012+0.005 0.008:£0.003 0.000::0.000 0.215+0.117 15.872+7.926
LY 0.022+0.010 0.008:£0.005 0.000£0.000 1.455+0.726 6.681+3.986
[iEawil 0.015+0.007 0.0060.003 0.000:£0.000 0.336=0.189 29.629+13.781
P 1.989+0.952 0.230+0.105 0.139+0.109 4.448+2.151 372.600+196.173
£t 1.062+0.437 0.282+0.153 0.259+0.157 9.036+5.125 203.136+113.267
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B, XEAMI A FARCEHE R Cris gt
BRI TEE T & B, S Cr s SRR IR, 7EA
FgErh, B3 Cris ko BT, IR & THAREY
FLIE AT BE AESEM LR
2.5 REMBIHENER XK
2.5.1  HARAE M 0GR BT RN
ARG~ EAREREEY I HQ & THQ, 455
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Table 7 Heavy metal pollution index in vegetables

A B R TS Y de AL

RN P
Per Pro Pas PHg Pcq
[EP ) 0.10 0.05 0.01 0.07 0.26 0.20
M 0.13 0.17 0.02 0.09 0.84 0.62
IT3 0.08 0.07 0.01 0.05 0.30 0.23
2 bt 0.19 0.13 0.04 0.10 0.39 0.30
piE 0.10 0.11 0.01 0.12 1.98 1.44
€[4 0.20 0.20 0.04 0.11 0.15 0.17
B 0.10 0.07 0.01 0.05 0.25 0.19
T3 3.98 0.77 0.28 0.44 1.86 3.00
ZLig 2.12 0.94 0.52 0.90 1.02 1.69
CING] 0.03 0.03 0.01 0.03 0.17 0.12
SN 0.03 0.05 0.00 0.02 0.10 0.08
)N 0.02 0.08 0.00 0.03 0.06 0.06
#JN 0.01 0.04 0.00 0.02 0.07 0.06
i 0.03 0.17 0.00 0.02 5.65 4.08
2K 0.02 0.08 0.00 0.02 0.32 0.23
R 0.04 0.08 0.00 0.15 0.13 0.12
(AR T 0.03 0.06 0.00 0.03 0.59 0.43
B 0.05 0.06 0.00 0.02 0.49 0.36
BRI 0.08 0.27 0.01 0.09 0.22 0.21
N 0.09 0.22 0.01 0.09 1.77 1.29
*8 MEEVYLRBERXKIENR
Table 8 Food crop health risk index
bk BT 4 e i XU 3 5L THO
HQcr HQpy HQas HQu, HQcq
Tk 0.02 0.01 0.02 0.00 0.10 0.15
W 0.01 0.00 0.01 0.00 0.01 0.03
i 0.13 0.01 0.02 0.00 0.16 0.31
a% 0.02 0.00 0.06 0.00 0.03 0.11
PAS 4.50 0.17 0.35 0.20 1.37 6.59
INEE 0.71 0.03 0.10 0.03 0.31 1.19
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252 FHFEAMEEIIL N

AR M HQ M THQ, 4534055 9 Frs.

TE3EH Cr. As. Cd B9 HQ 4331 3.32.2.32. 1.86, 1
A5 AR e AU, FURUS K, 3% Cd i HQ hy
1.98, I Cr. Cd 19 HQ %4 1.77, 1.02, #45]
BRI NGRS, F b2t b As 1) HQ iy 4.32,
CAF SYNEN G2 3 SO N = VN N N e
LIEIMf THQ 43 %N 1.22, 2,20, 7.90, 7.66, £ XL
Tl it S 52 i A A f B (4 AT BB AR K o Hovh, S S gr sgnt
B THQ 5%, HEFERMNTESENEALAH
fthiget2, HAAKRPY . Rk %R, 4 THQ SR

e 5

K
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10, Bl SHES RSP, X R EECE.,

S 9, IR B — T 4 A R XU T8 BT A
T FRRAE, AL Bl T R, (R HLE A (e e KUK 4 B
TE T FRRAE, A RS B B 2R OC R AT g R
TER T, AFH Cd AR ELEEISY, /INA R Cd WilBhR,
e T HQ I THQ (B #FA M H FLBRAE, W& %X
ARG T RN/ IN A5 S e B XU B T e D, X F LR H &
FARARRMIRE, e TR g, i ok
T I RRE XU
e

B KM R ROK . N R A 2 8 TR
Cri5Ys. REBMSFERGEME T HAF KGR Z 2 E
SR, Horpsg | N S Rz R T
BREEM Cd 5, T2 EEE Cd 5, W RLEA
ZE T AR Crigd,

B AZHL X BB ) OK | DE3E . 2L X (g R A
Wi AT REMERE K, BN L 2 3 R A A R A
FER AR 1 RS Y A BB L AR ANAL,
AFTE— 5 1R

3 %4

R A RRRERGEY

Table 9 Health risk index of vegetable consumption

B i il BRI $5 H

FEA THQ
HQcr HQpsy HQas HQu, HQcq
H3E 0.08 0.02 0.07 0.01 0.26 0.45
2 0.10 0.07 0.19 0.01 0.84 1.22
Tr3E 0.07 0.03 0.07 0.01 0.30 0.48
2 hit 0.16 0.05 0.33 0.02 0.39 0.95
fi 2 0.08 0.05 0.07 0.02 1.98 2.20
A3 0.17 0.08 0.31 0.02 0.15 0.73
EH¥ 0.09 0.03 0.05 0.01 0.25 0.42
P 3.32 0.33 2.32 0.07 1.86 7.90
ZLn 1.77 0.40 4.32 0.15 1.02 7.66
CING] 0.00 0.00 0.01 0.00 0.01 0.03
Uz 0.00 0.00 0.00 0.00 0.01 0.02
MR 0.01 0.00 0.00 0.00 0.01 0.02
#JN 0.00 0.00 0.01 0.00 0.01 0.02
T 0.01 0.01 0.00 0.00 0.47 0.49
22 )1 0.01 0.00 0.00 0.00 0.03 0.04
K 0.01 0.00 0.00 0.01 0.01 0.04
[iEAR ] 0.01 0.00 0.00 0.00 0.05 0.06
B 0.01 0.00 0.01 0.00 0.04 0.07
R 0.01 0.01 0.01 0.00 0.02 0.05
INA 0.01 0.01 0.02 0.00 0.07 0.11
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