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Table 1 Physico-chemical properties of the paddy soils in the studied area

: " ; I Es
Soil pH  Organic matter ~ Total nitrogen Total phosphorus Base cations (emol kg™ )
o1l type
(gkg™) (gkg") (gkg™) K* Na* Ca® Mg
KAE L FHE® 5.47 41.10 2.56 0.51 18.21 2233 1323 133.8
X N @ .
KBEARE) Y movm® 376 29.62 1.89 0.42 14.36 30.00 813.5 65.42
BRMEY 6.66 50.02 2.97 0.82 23.33 356.7 1718 286.3

7 Note: @Paddy soil ( Stagnic anthrosols) , @Mean, @Minima, @Maxima

1.2 HEXEMDH

A — BRI R, B TR BRI K HEASR
UL — MR, AR U R R T T R R [ AR
JEHAZ GG, BN R, g, 5
BTG YR LA B A Y C R .

R ERT 25 km, 3275 R NI #3422 1
X, PiEREG e aE, ARHEERERaa,
ARSCLABEAR 20 hi* LAY I5 YL A O F 0 4, X+
W— KRR RS E LSS EERN . 72012459
A Farsim b R, RIGPSENL, X5
s FHFEA T A% AL RAE o B IA BT FH 238 X
BEREHER (0 ~ 20 em) WIRE EREZA kg,
AR IIRAS T, RELEE . RHEAE I
154 (4% Y-1~Y-15) . AW}, 7EREA MR A
JC, TS 3RS KRR A AR RS, 3154
(%5 : R-1~R-15) .

THTFERE TP ARKT . BB, 42 mm
F10.149 mmfii, .

IKREARRRRE Sy R SR = I, BRIy,
KV . BEFESY MR . 25 if L RESTRIRTRAEE,
M ZEEE, ARG, ZE&H.

SRR RERE SR 7 FRER0.2000 ¢ A4
140.149 mmfii KT EAE TR IR s,
NIEA® (HF-HC10,~HNO, ) 17/, FREUK

R4 A UHET B K 2.0000 ¢ (FEMRFEL.0000 g ) &
F=fMbefrb, IHNO, 30 mlIZ A, RHATY
fi#%, BEJS AN A2 ml HCLO 422 il B4 5,

TEEROKFREFESE SR E: HARESE
(Cu., Zn, Cr, Ni, Co, Mn) & & /MG
B TR E S EEIL (TCP-AES: Prodigy ¥,
FlEEEARAR, EE) WE, XEHRERN
1.52% ~3.43%, MXFRIEMR2:1.34% ~ 2.18%;
Cd. Ph& A SR (GF-AAS:
ZEEnit600/650, HSEA W, HmE ) &,
ISR ZEN2.31% ~4.13% , X 5 1 R 22
1.85% ~2.89% . 13 4 )8 o Aok 72 1 E K AR
RS (GSS-6) #EAT4rHr il KA
B E & JE O R o A i B R ) R ROK b o R
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M5 iF5Mn, Cu. Zn. Co. Ni. Cr. CdFfIPh/\
MELE

AR Py = (2)
> WP

p=i (3)
Zwi

AP, P AR R E 4w i B DR R G G o
KAE; PRETS J A8 B0 A9, woh B4R
MFCE , Hg. Pb. CdFIAsH3, Zn. Cu. CrAINi
2 R b B IR TG A BOR 5 B TG Y A
By RN, 8 R G 5 G IR R 44
%: (1) P<1.0, #ifiti; (2)P=1.0 ~ 2.0,
BEmY; (3)P=2.0~3.0, PEGE; (4)P
>3.0, HEEIGY.

Y EENTF (Bioconcentration factor,
BCF) : FRonAi i A L3 b W il R i i o 42 ) O
BURLER YA RIRE S AR,

BCF= C,,./C. (4)
A, €, MC o SR T Y HE 0L B0 45
WL FIRE I A+ Jm e, DAL O AR

TN T (Translocation factor, TF) : FI/N
TR N 4 AR AR A B 3t R RE ) o 3
(A

TF = C 00/ Crons (5)
o, Clo MIC,,, I3 F 7R A ) 3 35 R AR ) AR
PR R m e

EEEEANEHBARE (Per capita daily
ingestion of heavy metals, DI) : AR XHNERSA
KB BA RS EE, RAE NG HREA LT
B Ak E

DI=FIR x C x 1 000 (6)
Ah, FIRVEWH AR, g person'd”', RIE
F - B e A, NI R AE T 2 R A S
BERMEIED206 kg, BBAERREHIK, M
MR ARG K0.339 kg CHEWTHE
&R, mgkg™'s 1 000 AL EG M RAL, fil
mg d 'person” i fipg d”'person' .
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Table 2 Contents of heavy metals in the studied paddy soils
HEE

B .

Sample pH Content of heavy metal (mg kg™ )
Mn Cu Zn Co Ni Cr Cd Pb
Y-1 6.44 336.1 132.4 254.5 27.34 47.65 57.62 8.36 55.36
Y-2 6.20 221.2 50.19 169.3 20.24 42.60 46.34 2.37 51.20
Y-3 5.81 218.2 51.99 186.3 17.35 51.30 39.59 2.36 47.13
Y-4 6.30 238.9 161.5 246.5 22.04 29.99 28.43 7.79 58.32
Y-5 6.11 2493 69.22 168.5 19.29 25.48 39.52 4.59 56.86
Y-6 6.43 225.1 81.29 186.1 18.44 42.12 31.10 2.15 59.69
Y-7 4.84 353.8 142.4 390.6 25.12 37.33 50.53 10.58 52.70
Y-8 3.76 291.8 65.26 290.3 21.00 46.45 34.16 2.46 58.75
Y-9 5.51 357.5 61.47 307.6 21.81 69.94 34.25 2.59 50.15
Y-10 4.67 419.9 56.56 372.8 27.70 31.82 34.18 2.48 40.55
Y-11 4.08 296.4 48.92 264.0 23.11 36.22 36.18 2.30 40.22
Y-12 4.46 409.7 56.83 392.5 24.72 38.11 28.90 3.14 41.36
Y-13 6.48 499.7 64.53 201.1 25.46 52.79 36.49 3.12 53.54
Y-14 5.73 442.8 54.34 175.9 24.68 50.32 34.14 2.16 55.52
Y-15 6.66 492.4 55.29 179.9 25.82 77.63 34.80 1.36 57.90
S (Y 5.47 336.8 76.81 252.4 22.94 45.32 37.75 3.85 51.95
/ME® 3.76 218.2 48.92 168.5 17.35 25.48 28.43 1.36 40.22
NI 6.66 499.7 161.5 392.5 27.70 77.63 57.62 10.58 59.69
PR — 95.12 35.63 79.30 3.12 13.66 7.80 2.67 6.53
AREM (%) — 28.24 46.38 31.42 13.58 30.15 20.65 69.27 12.58
HRRER (%) © — — 86.66 60.00 80.00 60.00 0.00 100.0 0.00
[ 5 3 gbnifi <6.5 NA® 50.00 200.0 20.00 40.00 250.0 0.30  250.0
(GB15618-1995) 6.5~7.5 NA 100.0 250.0 NA 50.00 300.0 0.60  300.0

1 Note: MDMean, @Minima, @Maxima, @Standard deviation, & Coefficient of variation (% ) , ©Over standard rate (% ) ,

(DGrade 11 Criteria of the Standard for Soil Environmental Quality of China ( GB 15618-1995) , ®Not applicable

LR 5 Yu48 %L Singe-factor pollution indices
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Fig. 1 Singe-factor pollution indices of heavy metals in the studied paddy fields

http: //pedologica. issas. ac. en

S

2017-3-16 9:39:23 ’7



| T T

W +Hiindd 414

——

414 + e X i1 54 %
®3 MREEAKERTECREVESEET
Table 3 Heavy metals bioconcentration factors in rice roots in the studied paddy fields
o BRI T
! Bioconcentration factor
Sample
Mn Cu Zn Co Ni Cr Cd Ph
R-1 2.82 0.58 0.39 0.54 0.29 0.40 7.54 0.68
R-2 3.81 0.93 0.51 0.57 0.33 0.52 14.66 0.64
R-3 3.52 1.26 0.45 0.69 0.41 0.52 22.24 1.01
R-4 3.86 0.35 0.33 0.42 0.56 0.81 6.21 0.60
R-5 1.89 1.00 0.71 0.79 0.61 0.43 12.61 0.90
R-6 2.91 0.65 0.63 0.84 0.41 0.75 15.16 0.36
R-7 1.08 0.46 0.35 0.28 0.28 0.36 2.29 0.96
R-8 1.39 0.96 0.54 0.65 0.32 0.63 11.45 1.01
R-9 1.41 1.35 0.54 0.76 0.21 0.61 14.90 1.23
R-10 1.45 0.76 0.37 0.45 0.59 0.74 8.52 1.14
R-11 1.98 0.88 0.48 0.57 0.34 0.58 11.60 1.39
R-12 1.12 0.53 0.43 0.77 0.39 0.60 8.78 0.50
R-13 1.66 0.77 0.39 0.43 0.20 0.51 8.97 0.35
R-14 2.63 1.02 0.49 0.36 0.22 0.53 12.81 0.29
R-15 2.17 0.91 0.45 0.62 0.20 0.67 19.94 0.17
S By 2.25 0.83 0.47 0.58 0.36 0.58 11.84 0.75
B/ME? 1.08 0.35 0.33 0.28 0.20 0.36 2.29 0.17
S UN(M 3.86 1.35 0.71 0.84 0.61 0.81 22.24 1.39

IE Note: MMean, @Minima, @Maxima

Cu., CAMCr, EZREB TR, 7EARH MM
FEE Ay IR }982.5% . 70.6% . 64.8% . 59.4%Fl
57.5%; 53— NMn, ZnFINi, R EE 5L
HoN16.3% ., 29.9% . 49.9%, Tifekh s, i
FEAT AT A0 VR JE S 3

Ly i, b 4 S Aot o 2 BE T RO AR A AR
Ko XM TELTESBTER, MY A S8
W W % A B A AR S 4 B AR O X, R N T 4
J& S e R — K PO P B R A KA
RE, DEpmTZE, PRRER S, MrEfEk P
RO REAEH AR . BTN D BRI, KRR AR
Ph ik FE7E il AR 3k B W (l , 725 At b gy 5
SRS K, (BAERK Y & HARMIK. PhIEKH
AP B B A B0 Y 25 S 5 PhTE AB RE 4% 41 23 )% 4 i vh
MFFE I SRS S A 56 12 Cu T B R 1E K A
MRS, (AR S bR e, FEY R ZFmib, DR
=i 2 AR R, MR Cuk B 4 ok
60%L I, 25 MHRISERVR EERAR, EATK Ak
BRI B B L U] Cu LA T K RS A AR

B, HA DI 2K R HABERAL, AAEREK
o CrflCoth KB/ TEM AR, Achh 8w it
KIRZ . CAXKFEARKMBEFEH, KR
W CdJF 2 5 AR, WA CAWe B | 4 ik
59.4% , {HATT40% F) e B L AE T AE 7K R L3 o
R, A5 HR Y 4% i e Cd K Fi AR ER AT %
F b b ER, IR FORE K ) 32 e )R A AL
{j&fﬁ [25] .

Mn . ZnHINiXF KR 0985 F BN, HAE R KHE
MEFRILR REITR 2K EA . MnEZEH
TEK RIS, mEEMn i B2 H 4 Fbik50% LA F (&
2) , YHEBHELF0.5 ~ 2 mg kg B, SRRk
RECA VR 00 o A rp M 2 (0 R AR A 1 3%
RN S SR, YA B RN SRR 2
AR, DA P i b Mon B B AERE AR B 1K
ST ZnfE M B RO B WRIE , AR
IR ERAREA , TR T 30 B K BT AR AL 2 b b
SRR AR Y Zn R EE BRI LR, X
WZne B A Hik51.2% (E2) o ZofEMIYIIR N
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Mn 4 Root 707.6 mg kg™ Cu [_J# Root 56.62 mg kg™ [ JH Root 115.0 mg kg™
[ 2% Stem 1199 mg kg™’ 32 Stem 11.77 mg kg™! [ 2% Stem 196.8 mg kg™
[ ' Leaf2 221 mgkg™ I ' Leaf 8.65 mg kg™ I '} Leaf 38.03 mg kg™
51.07% I %K Brown rice 36.72 mg kg™ 13.469% R k&K Brown rice 8.06 mg kg™ 5121% I 45K Brown rice 20.90 mg kg™
I 755 Husk 184.7 mg kg™ I 75 5% Husk 2.34 mg kg™ . I 775 Husk 13.56 mg kg™
0-89% 9.90%
9.22%
0.84% 5.44%
4.25% 2.68% 3.53%
27.57% 16.27% 64.75% 29.925
Co [ # Root 13.06 mg kg™! Ni [ # Root 14.74 mg kg™ Cr [ 4 Root 21.02 mg kg™
[ 2% Stem 2.32 mgkg™ [ 2% Stem 4.92 mg kg™ [ 2% Stem 5.66 mg kg™
[ E)I’geaf 131 mg kg™ I 1 Leaf 5.34 mg kg = ;L}L:af 8.78 mgkg™
I 55K Brown rice 0.64 mg kg I 55K B ice 1.37 mg kg™’ K Brown rice 0.25 mg kg™
B Fi Husk Lismeke  16.64%  18.07% g 10 ‘;;emg kng ¢ 15.47% M 755 Husk 0.87 mg kg'!
12.54%
24.00%
7.07% 4.62%
3.45%
10.77% h68%
6.36% 5395, g
70.59% 49.90% 57.47%
cd 14 Root 3588 mgkg™ pp [ #¢ Root 37.68 mg kg™

[ Stem 13.83 mg kg

[ ' Leaf 9.06 mg kg™

I 45K Brownrice 1.21 mgkg? 82.46%
2 I 7755 Husk 0.43 mg kg™

14.99%

2.00%
0.71%
59.40%

1

[ 2% Stem 2.31 mg kg™

[ " Leaf 4.43 mg kg™

I 45K Brown rice 0.11 mg kg™!
B 755 Husk 1.16 mg kg

5.05%

9.70%

0.25%
2.55%

K2 IKAEHE RS A R [ o It

Fig. 2 Distribution of heavy metals (in

TRAZH SR, KNS ERREN, ZnE
AR, HEARFAE R SARRBEZmR > N
TEKFEAR ERAN M E ER A MR 2 o LU BE A A R, 3428
50%74 (F2) o Nife/KRgH b3 R 2 & Bl 2R
b, HLWRE A oy bt o2 . XU B K R
A A GUNE N W R 4 LA AL 0 Bk
NiEM Y LT R IC R, Hik & NI FEAUK
REREIAE D D, WISk R R AL E R, R E
KRN
24 KEHEAKETESE

A 58 0 K A Hb B4 AU 4 B i A
FHATT A, SR WR4, BRE, KREZE. MW
HEJRITH N m TRk K 4 Jm X K
M BEFAVEH, (KRR ™ Az — ZR G AL 3 B A AT
%, Bilkit— R Ersr

AR ER, FRESRESTESHEZE WA
PR RRE . Mn7EBE K i () & B2 AL T 22, Cofll
PhiZ# BREKIRE I LT AFE . Zo AN Gy In ke K &
&, HAEXT THARAE ST oT R, Znil B 2 ROKK

percentage ) in different tissues of a rice plant

BE iR (£4) o Cull B ZERE KA AE S UK TZn
(#3) o KR 877 16 - FP A% Cu T 12 KR T
TR ERE K Y R RN B TR AU
W, (R A NG U 2 R B KRR > HE, R R
IR WFRE M 0, KRR SERE R EEE L <O
J57 WU Cd . KT Cd B WA 3 i P A0 24
S, MeAh, CdAE R A Ok LR - R 2
PR TR . IR i P R0 4% 1 5t 2 B R oK € d

SUN = NEIK)
R

IKFERE K P, Mn., CuflZn &R EE TCd
(£5) o HAETHEAEMGEM, HZKENE
FEILER . CAXMKRILARMEFRE L, HAMREMN
A, RORCA S BRI R KR L 21
— NEBEER . EEMEEEZRE (GB2762-
2012) ™, HEKCd 5502 mg kg JFRBIE . kE
Kedg it mg kg ', By fkT DY, &
FJG 23 %8 N fd jie = Az e i A, R RR 7
KoK o X RIS DR ™ R K ) Cd B i 34T T
Hr, BEKCAHEFRFRIE100%, 54 H - HECdis YL
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Table 4 Heavy metals translocation factors in rice shoots in the studied paddy fields

L TR K FTranslocation factor
Tissue Mn Cu Zn Co Ni Cr Cd Pb
24Stem 1.69 0.21 1.71 0.18 0.33 0.27 0.39 0.06
W Leaf 3.14 0.15 0.33 0.10 0.36 0.42 0.25 0.12
&K Brown rice 0.05 0.14 0.18 0.05 0.09 0.01 0.03 0.00
FE5% Husk 0.26 0.04 0.12 0.09 0.22 0.04 0.01 0.03
#5 MRXEHREKREEESE
Table 5 Contents of heavy metals in the brown rice produced in the studied paddy fields
s 4w
! Content of heavy metal ( mgkg™")
Sample
Mn Cu Zn Co Ni Cr ad Ph
R-1 29.42 4.89 20.39 1.00 2.34 0.23 1.91 0.05
R-2 39.88 4.90 22.07 0.36 1.23 0.44 1.29 0.06
R-3 42.33 4.00 20.62 0.60 2.14 0.24 0.77 0.07
R-4 35.97 4.49 21.87 1.23 1.60 0.00 1.05 0.10
R-5 29.73 4.44 15.46 0.94 1.10 0.00 0.32 0.19
R-6 39.19 10.14 22.99 0.25 0.30 0.14 0.52 0.17
R-7 29.07 5.42 25.41 1.15 1.84 0.17 2.83 0.06
R-8 31.64 4.97 20.26 0.42 0.45 0.17 1.10 0.11
R-9 34.44 12.55 24.40 0.57 1.35 0.26 2.96 0.14
R-10 42.49 15.34 22.28 1.82 1.85 0.27 0.92 0.17
R-11 40.26 10.17 21.98 0.35 2.14 0.33 0.53 0.13
R-12 39.04 14.95 17.51 0.30 2.56 0.77 1.29 0.15
R-13 36.44 4.39 19.97 0.09 0.05 0.31 1.11 0.08
R-14 49.00 15.78 22.11 0.27 0.55 0.28 0.89 0.13
R-15 31.85 4.50 16.22 0.21 0.98 0.10 0.65 0.09
S Y 36.72 8.06 20.90 0.64 1.37 0.25 1.21 0.11
B/ME® 29.07 4.00 15.46 0.09 0.05 0.00 0.32 0.05
BARME® 49.00 15.78 25.41 1.82 2.56 0.77 2.96 0.19
FrifEz® 5.57 4.43 2.69 0.47 0.76 0.18 0.76 0.04
ALSEREL (%) © 15.17 54.92 12.86 73.92 55.77 73.13 62.84 38.35
HbRER (%) © — 40.00 0.00 — 86.67 0.00 100.0 0.00

T RKESERESBE L 2EEZ bR (GB2762-2012 ) Note: Safety threshold values for heavy metals in brown rice in the
Standards for Food Safety of China ( GB2762-2012 ) .MMean, @Minima, @Maxima, @Standard deviation, G Coefficient of variation
(%) , ©®Over standard rate ( %)
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Accumulation of Heavy Metals in the Soil-Rice System and Assessment of
Dietary Safety of the Rice Produced in the Paddy Fields — A Case Study of a
Town in the Northern Part of Hunan Province, China

JIANG Yijun HU Xuefeng’ SHU Ying JIANG Ying TENG Qing
( School of Environmental and Chemical Engineering, Shanghai University, Shanghai 200444, China )

Abstract [ Objective] Hunan Province in Central South China, is a well known nonferrous metal
mining base in China. The activities of mining and smelting, however, pose great threat to the cultivated land
in the province. This study is to investigate the influences of mining and smelting on heavy metal pollution
of soils and rice plants, and to assess its potential risks on human health. [ Method] An investigation was
carried out in a town in the northern part of Hunan Province rich in mineral resources, and found that a pyrite
smelting factory located at Y Town discharged wastewater, severely polluting a creek and the paddy fields
around. Contents of Mn, Cu, Zn, Co, Ni, Cr, Cd and Pb in the soil-rice system of the paddy field on the
two sides of the polluted creek nearby the pyrite mine at the town were monitored. [ Result] Results show that
the soils were heavily polluted by Cd, with an over-standard rate being 100%, and by Cu, Zn, Co and Ni,
too, with an over-standard rate being 86.7%, 60%, 80% and 60%, respectively. The single-factor pollution
index of Cd in the soils reached 12.85, indicating a heavy pollution level, and that of Cu, Zn, Co and Ni
was 1.54, 1.26, 1.15 and 1.13, respectively, indicating a light pollution level. The comprehensive pollution
index of the eight heavy metal elements in the soils was 9.39, also indicating that the soils as a whole, were
heavily polluted. Analysis of heavy metals bio-accumulation factors indicates that Cd and Mn in the soils were
easily taken up by rice roots, especially, Cd, of which the availability to rice was much higher than that of
all the others, with bio-accumulating factor being 11.84 on average, but Cu, Pb, Co, Cr, Zn and Ni were
relatively hard. Pb, Co, Cu, Cd and Cr was mainly accumulated in rice roots, making up 82.5%, 70.6%,
64.8%, 59.4% and 57.5%, respectively, of the total in the plant. Mn, Zn and Ni, however, was rapidly
translocated to the shoots of rice plants after being taken up by roots, with only 16.3%, 29.9% and 49.9%,
respectively, left in the roots. The brown rice produced in the studied paddy fields was commonly heavily
polluted by Cd. The brown rice produced in the fields was found with Cd exceeding the allowable limit ( 0.2
mg kg™') by 100%, and about 53.5% of the brown rice was called “Cadium rice” with Cd concentration
over 1 mg kg™'. In addition, the brown rice also contained Cu and Ni exceeding the allowable limits by 40%
and 86.7%, respectively. The per capita daily ingestion ( PDI) of Cu, Zn, Ni, Cr, Cd and Pb through
consumption of the rice grain reached 2 732, 7 085, 464, 85, 410 and 37 pg, respectively. The PDI of
Cu, Zn, Ni, Cr and Pb was lower than their respective safe levels, but that of Cd reached 5.9 times the safe
level set by FAO/WHO. [ Conclusion] All the findings in this study demonstrate that the rice produced in the
studied area has posed a serious health risk to the local residents.
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