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Health Risk Assessment of Heavy Metals in Rice Grains from A Mining—-Impacted Area in South Hunan by in
Vitro Simulation Method
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Abstract: Human health risk of heavy metals(Pb, Zn, Cu, Cd and As) in rice grains collected from a mining—impacted area and a non—con—
taminated area in South Hunan Province was assessed using in vitro simulation method in the present study. The contents of Pb,Zn,Cu,Cd
and As in rice grains were respectively 2.03 mg-kg™, 30.08 mg-kg™, 6.57 mg-kg™, 2.34 mg-kg™ and 3.8 mg-kg™ from the mining—im—
pacted area and 1.03 mg-kg™, 8.65 mg-kg™', 1.52 mg-kg™, 0.15 mg-kg™ and 0.30 mg-kg™ from the non—contaminated area. The accept—
able daily intakes( ADI) of Pb, Zn, Cu, Cd and As for an adult and a child through the consumption of the rice grains from the mining—im—
pacted area were Ph789.23 pg-d™ and 562.00 pg-d™, Zn 11 701.12 pg-d™ and 8 332.16 pg-d™, Cu 2 555.73 pg-d™ and 1 819.89 pg-d™,
Cd 910.26 pg-d™" and 648.18 pg-d', and As 1 478.20 and 1 052.60 pg-d~', much higher than those from non—contaminated area (Ph
400.67 pg-d™ and 285.31 pg-d™, Zn 3 364.57 pg-d™' and 2 395.84 pg-d™, Cu 591.18 pg-d™ and 420.97 pg-d™', Cd 58.51 pg-d™" and
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41.67 pg-d™, and As 116.70 pg-d™" and 83.10 wg-d™), respectively. Both gastric phase and intestinal stage stimulation showed that average

bio—availability of Pb, Zn, Cu, Cd and As in rice grains was much higher from the mining impacted area than from the non-contaminated

area, with greater bioavailability at the simulated gastric phase than at simulated intestinal stage. The bioavailability of Cd at simulated gas—

tric phase was 3.11 times(for an adult) and 4.42 times(for a child ) as much as that of the hiologically tolerable weekly intake. At the sim—

ulated intestinal stage, the bio—availability of Pb, Cd, and As in rice grains from the mining impacted area was lower than the tolerable weekly

intake for adults, but exceeded that for children. These findings show that consuming rice grains from mining—impacted area would pose

health risk to human beings, specially children.

Keywords: mining—impacted area; rice; in vitro simulated method; heavy metals; amount of bio—availability; health risk
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Table 1 Contents of Pb, Zn, Cu, Cd, and As in rice grains from non—contaminated and mining—impacted areas(mg-kg™)

H 4 )@ & & Contents of heavy metals

X35 Area
Pb Cu Cd As
JEW"IX. Non—contaminated area 1.03+0.13 8.65+2.41 1.52+3.22 0.15+0.51 0.30+0.01
7" [X. Mining—impacted area 2.03+0.57 30.08+7.64 6.57+4.17 2.34+1.17 3.80+0.20
£ A FRIE(GB 2762—2012) 0.2 — 0.2 0.2+
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Table 2 Bioavailability of heavy metals in rice grains in stomach and intestine(% )

L E B Bt Stomach phase

X 35, Area

L/ Mz B Bt Intestinal phase

Pb Zn Cu

As Pb Zn Cu Cd As

JE#”[X. Non—contaminated area 88.05+0.08 88.26+0.08 26.32+0.05 33.24+0.02 1.00+0.02 31.86+0.05 7.86+0.05 85.54+0.03 9.31+0.02 0.84+0.01
" [X. Mining—impacted area  87.50£1.02 84.48+3.40 20.81+2.03 36.16+2.78 1.00£0.03 32.20+£0.70 5.80+0.80 27.88+0.67 8.91+0.08 0.83+0.01

3 IR RILENFEABIRARKTRANEEEBNE (g d)

Table 3 Intake of heavy metals by adults and children from rice grains through ingestion pathway (ug+d™")

IR B T4 B AR Contents of heavy metals
Age DL Area Pb Cu Cd As
N JEB[X. Non-contaminated area 400.67+8.78 3 364.57+58.64 591.18+32.24 58.51+3.49 116.70+1.25
Adults WX Mining—impacted area 789.23£10.10 11 701.124221.32 2 555.73+63.42 910.26+20.98 1478.2+1.84
PTWI* 428.57 — 60.00 128.57
L AL X Control area 285.31+5.22 2 395.84+32.42 420.97+18.12 41.67+1.33 83.10+2.33
Children WX Mining—impacted area 562.00£12.25 8 332.16x188.95 1 819.89+56.41 648.18+14.56 1 052.60+1.25
PTWI* 107.14 — 30.00 64.29

T Fon B AT 52 H SRS B (45 F AT 52 ko
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o Ph.Cd Al As A=W mT 4550 %45 85 PTWI, 7EAE
PSRN NGB B AT X KA H Pb Zn Cu ,Cd Fl As [
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A As Pyl gy i Lt T PTWI; FERHILE /N
BBz, 7 X KoK H Pb Zn Cu Cd 1 As fYA 9 7] 4
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3 g
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Alfig 5 B\ AR A G TEERVNG BB, /N
WM S EBORPE SR WA AT 441 TR,
T AT B P 0 W s B e S AR /N By
B TEREARSME L S g b B N B B OK v
&8 DA i LA A . BRI S
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BRI 8RR . B3R 3 i, &0
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Jy11 701.12 .8 332.16 pg-d~', H K 2 Cu, 2 7
M2 555.73.1 819.89 pg-d™, {H[FEZK &5 1A bR ifE
(GB 2762—2012) %4 Zn 1 Cu fOF5 R, KA 3=
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Pb .Cd . As [ PTWI M EE, BEAFULEEF & HAT XK
KM A Pb.Cd F1 As () 5 43 il J& PTWI 1Y 1.84
15.17 .11.50 f%#1 5.21 .21.61 .16.37 %, =B E X
FKAFAERE AR RS . 3% 4 mT 1, B XK
H1 Pb Cd Ml As (AP AT 45 RARMK, o XAk
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301 A5FN 4.42 4% FERAL /I B B, 7 X KoK
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Table 4 Bioavailable amount of heavy metals for children and adults in stomach and intestine (pg+d™")

GRE FELHLE BBt Stomach phase RNz BB Intestinal phase
X3, Area
Age Ph A Cu As Ph A Cu Cd As
RN :”:W[X Non- 352.7949.77 2 969.63+54.33  155.6£24.32  19.45+£3.24 1.1720.20 127.65+3.21 264.52+11.23 505.70+33.43 5.45+0.82 0.97+0.08
Adults  contaminated area
B [X Mining—
impacted area 700.05£12.11 1 0351.72£168.42 532.17£57.23 186.40£7.22 14.62+1.68 254.13+4.56 710.47+31.76 715.87+71.2245.92+1.22 12.14+0.90
PTWI 428.57 — — 128.57 428.57 — — 60.00 128.57

JLE JEF X Non—
Children contaminated area

B [X Mining—

impacted area

PTWI 107.14 — —

251.21+8.44 2 114.62+32.13  110.80+£9.78  13.85£2.11 0.83x0.10 90.90£1.82 188.36+5.66 360.10+34.22 3.88+0.37 0.69+0.02

498.49£12.67 737127+45.61 378.94+25.14 132.73+6.12 10.41+2.10 180.96+2.34 505.91+25.45 509.75+30.14 32.69+1.03 8.64+0.41

64.29 107.14 — — 30.00 64.29

T “—"FIRBAT % Data not available.
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Zn Cu.Cd F1 As 34 A 9 n] 45 B 43 5] 2 700.05
10 351.72.532.17 .186.40 . 14.62 pg-d™, Hip Cd #y4E
Wy n] 2 B B R AT R SR ACRELAY 311 £, eI
IN B By B 43 ok 254.13.710.47 715.87 4592 12.14
pgede

(3)%F FILE AR, ARSI B Be™ X KK P
Zn Cu,Cd Fl As 535 4= 9 ] 455 543 5] 2 498.49 |
7371.27.378.94 .132.73 .10.41 pg-d~', Hrh Cd 4k
Wy AT 2 BB R AT RS2 R ACRELAY 4.42 £ eI
JNB Y ER4y 51k 180.96 .505.91,509.75 .32.69 #il 8.64
pged’o

(4)FEARSMER S0, B B T X KORTE
BN B Be 3 A Pb (Cd As 1Y LA 1 4
AT SZEE AR, FERERLE M B Pb Al Cd (19 50y
A A A PR A2 B 5 L AR B BRI AR
/NGB B A Ph 1 Cd F 5 et 5 i A A AT T A2 4
At BRI ST A — a2 MR XU, st
42 I A Wy ] 2 R U, WL B (R A 2 BN B

S k-
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