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Abstract: Nandan County is famous for it§ mninng "of nohferrous metals. In order to “investigate the effects of mining activities on the
soil and ride and 'to ‘evaluate the health risk ‘of /the éxposure of jtypical local inhabitants™fo heavy metals via consumption of rice, a
conséz:uuvve 3-day_household=diet survey in four v1llages in N.andan. was conducted. Liuzhai is an uncontaminated contrast area, and
Chehe Dd(;hdng,’dnd Zhanglao are contaminated areas. The data for rice consumption rates were obtained. At the same time, 56 soil
samples from rice fields and 90 rice samples were collected for the analysis of As, Sb, Cd, Pb, Cu, and Zn. In addition, the potential
health risk of the exposure of local people to heavy metals via consumption of the rice was assessed using the pollution index method and
the data from the intake of heavy metals. Results showed that the mean contents of As, Sb, Cd, Pb, Cu, and Zn were 58.1, 16.4,
1.22,49.1, 52. 1, and 271 mg-kg ™' in the soil samples from contaminated areas, with higher pollution risks than from the control
area for soil heavy metal contents. The Nemero comprehensive contamination index (Py) was 3. 14, a heavy pollution grade. Cd
contents in rice in Liuzhai, Chehe, Dachang, and Zhanglao were 2. 23 times, 4. 40 times, 3. 81 times, and 3. 52 times higher than
those of GB 2762-2017. The content in rice exceeds the standard in all four areas. The daily intake (DI) of Cd in the four areas was
higher than the provisional tolerable daily intake (PTDI) established by FAO/WHO. This indicates that Cd and As are the major heavy
metal elements posing health risks to the health of the inhabitants in the mining areas and that the inhabitants in the mining areas are
facing severe risks of exposure to heavy metals.

Key words :soil pollution; rice; heavy metals; health risk; Nandan County
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Table 1  Contents of heavy metals in soils of the mining areas and the non-mining areas
R = I
/mg-kg /mg-kg /mg-kg /mg-kg /%
As 1.01 ~213 8.22 22.5+49.7 9.42(3.03) 0.164" 11.1 0. 31
Sh 1.05 ~47.1 1.99 6.13+11.3 2.99(2.76) 0.291" 11.1 0.30
X BRIX Cd 0.024 ~2.46 0. 634 0.85 +0. 636 0.623(2.80) 0. 090 93.3 2.08
n=18 Pb 6.00 ~238 33.1 64.2 +76. 1 34.0(3.29) 0. 148 28.6 0.43
Cu 4.22~97.0 19.2 38.1+33.8 25.4(2.63) 0.226 28.6 0.51
Zn 40.5 ~568 94.0 136 £128 108 (1. 88) 0.176 13.3 0.54
As 8.31 ~218 60.3 78.2 £55.6 58.1(2.35) 0.339 78.9 1.94
Sh 1. 04 ~381 19.0 32.7+£62.1 16.4(3.26) 0.223" 73.7 1.64
AKX Cd 0. 108 ~8. 81 1.11 1.77 £1.72 1.22(2.48) 0.13 91.2 4.07
n =38 Pb 6.00 ~ 1736 43.8 108 +293 49.1(2.65) 0.441" 23.5 0.61
Cu 12.1 ~ 146 53.7 57.5+25.8 52.1(1.60) 0.35 52.9 1.04
Zn 90. 8 ~1 055 315 312 177 271 (1.73) 0. 155 75.8 1.36
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o L-HESRBE AR (157T) ) (GB 1561872008 ) 5

Sh 0 43— bR, 45 4 o 4 A5 QR A
Nemdro 25 £ M HGHE T151 20 2 (1) (2 8 1t g
S 1), REBE B HE TR 4 8 o I R

h Gl LK | RIS 93.3% | Py 708, it/
KN e s T4 s % i b

VSRR N T, i IR IX 0 25 TS Y R
Py AL 55, J& TP RS YK, T A R IX 4
Cd & 54 A& Cd IR 588 S0A %16
U T HERR T T R N R, R LA
TSYFER P AN 0. 482, FEHA X IRIX 4 HERE 5,
TG YL ORI, N LS R A A A S 0 e L
JXF R PRI E. T, SRR RS
15 GLPEAN I S2 AR K

ZX LK ELSEITE T, Bk Pb LRI,
HMSELRITEMN P, HHI KT 1, Cd FE@ER
N (P, =4.07), HARRILE] 91.2% , 5 &
GRS YRR FEMK A . Cd > As > Sb > Zn > Cu > Pb,
Nemero ZE G550 Py N 3. 14, J& T EJET5 YLK,
FHIRZ 52 X FF 4 8 4 8 3 AL TR e K-F,
Ph Cd 159 & . A2 5 XA H - e & 4 )R
AR R ARG, PR LA A it 1F
(NREE e SRR

2.2 WREEBERIISRMT T o

4 A MBI R R 5 o 4% T 5 L 20 S 1
5, BRI AR R R Ph & B AR g
SRAESE, Hflads T AMUG R B R RFRIE S5 A
(Py.>0.08)« TALAGIREAR 1 s RILCHRD) (O
TFRIKE PRI As B SER0A X K2 o5 T
SR IXSHECP <0. 05, B il th T K i de i 49
2N TA I KN, 5 SOK Pt 1) As
HHE PR A B S R IR ORRE i A
XX B X7 A S PG, X TR KR i o
Sh LR, 4 MHLIX ZF AR E (P >0.05); X T
FORBER Y Cd T E, MKW, KRk
ZREETHIIXNZE(P <0.05), XREH T2
SN DX AR B Cd A f g, BV % R X
KAE RN — RS R TEAR BT A SR, H ISR
FEOK TR 11 IR B, L7 7 52 35 e ) LR
EFRERAES 0 Ph TR, 32 B X133 2 Ful
HRIX.(P <0.05), ATfEHI T Pb Al Cd ST H3LA:T0
., PR AFAEMIE; X FROREES 1Y Cu
I Zn TEE , ZRNA K KL B350 T X IR IX N (P
<0.05), ATAEH FHIS KA SR X, § 7%
VAR, UHRANES, TR R, A
LT R B A T e LT3 A T i ) 30 K o
i, WAlfEEA AR R, B 3 Pb A Zn Fe RS
FKRERIRT, ETIFERGK &AL, LA Pb A
Zn FLATIRVRME , T LAZE AR A 5 S 0.

e [ (£ ih 2 4 [ G AR ME i s e R
(GB 2762-2017) b HLE BOAE K TCHL As % B FR
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Table 2 Heavy metal contents of rice in different regions from Nandan County/mg-kg ™"
X geita As sh Cd Pb Cu Zn
I Eienil 0.030 ~0.214 0.012 ~0. 134 0.111 ~7.30 0.104 ~7.84 0.225 ~1.25 6.20 ~15.7
N2
e 0.120 0. 040 b 0.028 +£0.029 a 1.53+2.50 b 1.15+2.60 b 0.825+0.414 b 10.4£2.40 b
g Eienil 0.071 ~0.293 0.012 ~0. 581 0.101 ~8.47 0.109 ~9. 11 0.487 ~2.17 5.95~16.7
e 0.126 £0.053 ab ~ 0.057 =0. 140 a 2.65+2.94 a 1.87 £3.39 a 1.34+£0.578 b 11.3 £2.78 ab
S E Eienil 0. 090 ~0.267 0.005 ~0. 153 0.104 ~9. 14 0. 105 ~7.87 0.398 ~4.40 6.35~15.8
e 0.149 £0.043 ab  0.029 +0.037 a 2.56 +£3.62 a 3.08+3.02 a 1.45 +1.16 ab 10.7 £2. 68 ab
K- Eienil 0. 005 ~0.451 0.001 ~0. 101 0. 155 ~9.89 0.116 ~19.9 0.275 ~3.48 7.28 ~19.5
<
e 0.160 0. 074 a 0.021 +0.016 a 1.13+1.66 b 1.71 £3.43 a 2.03 +£0.769 a 12.2£2.93 a

1) [/ =3 P8 fe /NS ST REARTR] , FR KBIZIRPRCR 22 57 3 (P <0.05)

{6} 0.20 mg-kg™"', LATCHL As 11, #RIERT AN AF
e As FITEHL As A ik BRI 5E B4 BT 485 20
KATEHL As 29155 3 As 19 90% , $itBRiZ HL 9], K0
FE DK R K B As S BHEEH O TEL As A Ik T
T (43 30 - 7S € (0. 101 mgekg™) | 23]
(0.106 mg-kg™") . KJ(0.130 mg-kg™" ), K&
(0.126 mg-kg ™). BFFEXIREAKFTCHL As Syt F-
BN TR A, BB X A8 K As, R
ZGY. (R A E AR £ S R IR )
wgyaamﬂﬁ@$%%cwﬁiﬁﬁﬁ@%“
melke 1, AL A | RS ERDRAY Ca it
IR bR BRI A RO Rk 2058 440
38513, 5 fif. A% AN KK ko

Pl g 15 Bl Rb (R (002 mg-ke ™)/

HILY, gk RO IR E 150 . 2. 414 6.35 FiL361F
5. BEFEIX B R 4 DR K it Cd Al Ph 2y bk 1y
t, FLSZR2MA X AR A 5505 o B IX ™ 5, fid /SR
FEDCIRPREE tP AT BE T I A B AR 7 i R v e A 1Y
W ILUEIK, By R A5 R 36 ™ T ) 38 J] 20 A4 A
YoKkAEhE SR O, P S S Y. 7RSI A
R RBoIFEA R T I SE, F Cd FPh
i LR R iy, T DA A ) g
BHRAA ATRER A RS g X, B A Xk
A BRKAE R,
2.3 FKXE SR AP e R

K v o 4 Ja 1 i K SO R R A e
SERE I HEC R B A P 2 4. BF9E XA
KXo o4 R Y AR R B R (KR 3), FORXAN ] E
BIRICR M EEBESIAR B, Z 50 DRI B X
A AN A ] T 4 s ) & B R BB A AN, (H AR
B, 2R Cd 1w SERE D ok, HER
ks 0.777, HK K Zn 1 Cu, Sb F5, X 55

NBFFEEE AR —32 . a0, 38 cd ) FAERK
PICEE S, 1 Sh fERDK s TRE£ILR. 3
WIREK 32 1 3Erh Cd 1sgne, BRI 3 Cd &
R, BK Cd BRI, Zo Al Cu fEy
&W%iﬁ%%ﬁ%%%ﬁ%,ﬁﬁﬁﬁfﬁ%%
RAIE . : =/ L
®3 EPMRINBREKESEEERY
Table 3| BCFs of Heavyl metals in rice of the-"ﬁlm;ﬁg
| ipenpfnd hpoymining areas | | e g
X A ¥ sl Lad Pb Cu 4 7n
XK 003 0. 001 0445  0.012  0.034 0.042.
ZRMX. 0,012 10.0057 0,777  0.019  07047=0. 0894

WIRFCCE R B R K T 4R A i
Fersm, X+ 4R ekt 53N K E 4R &
1= 4T Pearson FHPE AT, 45K B X HRIX £
HEFAGE K P Cd(R =0.967, P =0.000) & & 78
0.01 KV EREBFIEMEKX, Ca(R=0.772, P=
0.042) & EAE 0. 05 /K P b5 1 3 EAHOG, I H:
b %k B T 4 J A OGP R IR B B E K. 2R
Wi X+ R R K P Cd(R =0.371, P=0.074) %
HAE 0. 1 K ERIEA I, XN HALE 4 )8 & &
AHCPE S AR R B 0 K. Ul 3 i
Cd 1 Cu T ZE 7£ — & B JE L o] GB A2 F T &% K Xt
e AR T R I, B AU X S T R AR AT
KR AR 5 S A RS A cd i
M, REOK Cd & ot 23 e N BG i 25 A —
. FARARFAKESR G REZ I E SR
M Ah i 5 HAB IR R A XK.

2.4 EIEFERERA A R RS P

I A K 52 A el i P AN B H v Y T A R
i, IRKh N ESE S &S5 AMEBRARKESE
(A A, PR ST XS A BEH 3 > 325 X (4
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Bt 2% 39 #

W KT R E) FI— D XFHR X (NF) , A XIS
ARISSE IR . B 0 S R R IS4 A AR S T
CEATHAT G RS, 325 XRG4 A F-3
IRF A3 M 55. 4 kg F151. 6 kg, AP fE R AYREE
LEMAFERIE S A, 5 NZE . EW . KT M
K& m Ry NIFE KT 2 540 ) 250, 282 224
278 g-(N-d) 7', BRTrhEEREEE S IEHE
1300 ~500 g- (A -d) "B O TR ERE K 2
AT, AT E RS RKRER A TSR

*4

() AR 5E.

4 R A 5 3 R B AOR T AATT E  i
HERA G, P CUE s KR 2 g H 3 A 4
J& As, Sb, Cd., Pb, Cu fll Zn & W4, 4 PHLIXE
FOXT Cd HER A R THCA R B SR (FAO)
A TAEZHZU(WHO) 46 1 Y H 4 8 A H A& AAT
Fe PR AR E (PTDL) P 32 5 01X e 3 3k e oK 45
NGO s i L= D O W N N E B e YN
B EGEARTE, 2R XMW EER] Cd TR,

HEREEREIBREBANESEEREERNKE

Table 4  Estimated daily intake of heavy metals through rice consumption by adults in the different regions of Nandan County

T ZHH & RDZ -] A%E}%Aﬂﬁi@ﬁﬁ% A HABEAR DI/ pg-d ! ARG E R4 THQ

/pge (kg-d) 7! it PTDL pg-d ™! AN EE KT K#EOARE EWM KT K%
As 0.3 128 28. 1 33.2 32.3 39.0 1. 81 1.99 1.94 2.35
Sh 0.4 360 5.33 7.18 4.42 4.59 0.258 0.324 0.200 0.207
Cd 1 72 114 248 171 196 2.21 4.48 3.08 3.53
Pb 4 200 75.0 120 285 201 0. 364 0. 544 1.29 0. 906
Cu 40 6500 172 341 250 511 0.083 0.154 0. 113,.-""0.' 231
Zn 300 33.000 253 310 234 329 (740163 0.186/ 0014047 01108

AR 1 2 9 2% 45 T B X4 3 (R D,
FEET 4 A H I TR £ HROR 19 TR 6 (BRI
THQ fi, A%, W KK & As fi BE XU
THQAR 4 HI5E] 1. 81, 199 1.94 12,35 (%
PR B AR A, I R 1
KRR A fHHE AU 5 K BRI
R K e 10K 10 -8 22 P Al A 5 . 4
AHIX G fHE A THO 39K F 1,0H THQ ik

INEI R AT > K > KT > N0, I I

Jib A £ R 23 72 A B R 1 Cd i RE L
XU $5 25 1 2 79T, HE THOQ {4 4. 48, 5% 423
R R E MR ER Cdi55. K Ph g
FREXUES: THQ {ELA 1,29, i B 24 M i R & FH A0 ok
TEAE—E BfE B UK. HCA R 5 IX 40 1 ok B A
FAJR M THQ HE/NF 1, EVLE AR R A
(A 2K T 4 % 1 i P At LR A .

3 g

T IEAEY- R R G 4w 1R R
I NMR{EERRE, W9 X 0N 2 & @0 o0 Htly, T
MR MR VET I K JE, SET R N Tad
TSR ITR R, 2B BT KA AT X
Jilih 3, AR E SR TT . WEE A R R,
WO B RS B 3o As Bt TR E
CE R AR = 7 Hb 3R 58 I VE M bR ) (HI 332-
2006) "HELE AR HERR(E, HARZIK 78.9% , X

MEPRRE ORI M AABRT | K T CE He
& LIS It S 2 PRSI EN 8 S P
FRRAIG T [ S AR R0 17 e R R ke
i, BRI 1% , EBEBRAE R B )
fite KB, ik B K A RER R R ¥k 8157
SRARE S SRR T K TR0 P E MK
froE K S B 5 4 A T3, i T R

R AR S R IR KR IR AR IR A SR As

(AR RR XUBS: THQ R A, 7528, 4, K iK%
X 4 MK As fEERE XU THQ (2K T 1. g H 44
Hr As BRERR SRR K, MAREE K, 150 i
JEEE, AR As BOPE & EIEAN S, R
B, R AR R RS T ZA X AR, X AT B R K
FEX 4 i As TR MO SERE 1R K, A
PRI AR AT LA SRS 2 1 As BT 3L, aRali i T
-4 i 4 TR LA Rk e AN e e R, R
TWESE As DR S5EY TR RERIFAEAR
SREIEARSEPE BT, X 5 57 VK 2 (I 9% 45
HH—2L.

X Ph ez, BMLIE S5 e X RS H 411
Pb & AR TR B A ™ i ™ M A8 T AN A
#EY (HJ 332-2006) H R FBRIERRE, {HAT5H #85
IKFE AR, Ph & AR, HFRRIK 23.5% , 17
TE—E TG, MRZE, i, KT HRKEZEX 4 4
XK G Ph i B E AR IS, AR R
IKF) 70. 2% , FANHLIX Ph XS THQ (IR
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WX KT 1, F77E— 2 MR AL, Hofl 3 3
IX. P fil XS THQ {3/ T 1. UhWIBR KT Hb X
Bh, NTE AERIRTK I 3 AN Hl DR R o R OK i
TEBEA Ph RO HE U A B, 33T R /K A X 1
W i1 Ph G E BRSO, T (i i
ORI R Ph A B BF S8, JREh Fi7
R - SRR 17 Ph £ 75 AR LI R TR —
ST EL.

BIF5E B350 ol I8 P 538 Cd AP AE TS 3, 32
WX Cd XS HIRBEAT e TS i, LR K
L. BTG B X (K %) JR Tl
R B K S AR TR 26 L VIR, Kk
AT AL R B, SEORT I L 4
FrEORWTRR T KR O 2R 1 R
e, FHX NI RERE . S T X U
THUF R TS, R R A AR
B BOK T, A BT B DR SZ B0 DRE T 43
Cd ARG A5, LN AE ) IR A R
SR DX KRR R 428 o i, R BUREK  PHARIT Cd
BRI, Pb (AR R IL 28. 4% . S T X 5
H SR DX RS - ALK R TR 4
13 g, R KRS + 5095 e R/ U Calle
Mg, B8 9, R U e 4 TR AR
. AT UL DA L 9 i V5 T A IR
SR LSRR . 4 A W K SRk

G A B B, LS R D R

X DS e
F AR TR X 0 M X R o 7
&It FL P R AR, R A X R 2
FEORFEAE Cd | As Fl Pb ROMEFEIXU: , BR T ROKE 4
Ja i, T R A R XU, 5 R oK i 2 a S i
B (B . IS ) A OC. RASHT A MR 9E 45
R SRR R G RA BT A 1, s kG 3h
SR X 3 RGE S B R KA E 2R As,
Cd F1 Pb 42 il 2% 58 XU 5 T ) AR AL AR S A i ]
P (As, Cd F Pb XF R ) THQ 435 4 0. 894 | 2. 74
F10.334) . KEFIGHE X (As, Cd Al Pb Xt 1 A9
THQ 435124 0. 563 . 0. 107 F10. 165 ) i BT (As
Cd A1 Pb X B 5 THQ 43 %% 1.00, 1.30 Al
0.26) '3 SRR LIS S X R A K
FETE As, Cd F1 Pb Af@ R XURS:. Sy B e R 3 o
KA S B XS, S UCRPGE M5, 7E25 5
Y | RO R 4 W AR AR ) 3
Bl b, Xhm X 4 TS e R R IR, [R] e Y

SZRER X S B D RE AR K, A A
4 ZHig

(1) mPHO 3% Bh 52 M X A 4857 31 42
ANRIRRBERIE Y, DL Cd, As {544 ™, J& T E
BEVS YLK FOKRFES T Cd F1 Pb F i ¥lss, H
2 FEMA X R OK 4 A 1 i ol v TR IR, R RR X
iz s XA KX Cd s FERE T o, B4 R
k3 0.777.

(2) A KSR As T Cd LRI THO
(HIIRT 1, SRR Y il T A R XU, B8,
R/ SRR
SE K
(1] skHER, RAKHE, A, SR - e 5 i A o H A S 3R 5
B[], A%, 2003, 23(3) : 539-546. §

Zhang G L, Zhu Y G, Fu B J. Quality changes of-s0ils in urban
and suburban areas and its eco-environmental iqlpaé:ts'—a.reviewv
[J]. ActaiEcologica Sinica, 2003, 23(3) . 539—5Il4l';. -

Chen T B, Zhgng. Y M, Lei M, et al. Assessmer_}l.t-“uof heavyymetal
pollution in Strface soils 4I]f urban parks in Be‘ljllingj..-;"(:hinalﬁ iy

Chemosp‘iﬂere, 2995 760(4) :542-551. 4 ry
Banat K M, Howari EM, All-Hamad A A. Heavymetals m urban
soils (;‘f“qén}ral ,lgrdan; shoullldl.‘we worry about their envi;grimentall
risks? [J‘] Envimnijenta’f" Research, 2005,_97 ( 3): .258.;‘-..
273, f ! o “ o4
Razo 1, Cdﬁizales L,#Castro J, et al. Arsenic ahdsheavy nietal
pollution® of 'soil, water 'and sediments in a semi-arid elimate
mining/area in" Mexico [ J ]. Water, Air, and Soil Pollution,
2004, 152(1-4) : 129-152. °

B A, BMZeHEgampla ], gl
REHH[T]. & TR, 2007, 28(6) ; 11.
RICE, D, Bk, TLIRE PREE T 5 ol % 4 ) iR
517, 13, 2002, 34(1): 1-8.

N, WH . TSR B2 R H A ET].
JUPEHLT, 1994, 7(4) : 85-94.

Ye X S, Pan Q Y. Discovery history of Dachang Tin-polymetalic

[3]

[4]

[5] Pl

[6]

orefield, Nandan county, Guangxi[J]. Guangxi Geology, 1994,
7(4): 85-94.

Wrhss, B, AR, & ORIE SRR Je 3kl A 1
AE X R W RAREL )], R EUKAERR, 2010,
24(2): 183-188.

Fan Z L, Ji H, Yang F, et al. Accumulation Characteristics of

[8]

Cadmium and Lead in aboveground organs of indica hybrid rice as
affected by different soil types [ J].
Science, 2010, 24(2) : 183-188.
Rahman A K M R, Hossain S M, Akramuzzaman M M.
Distribution of heavy metals in rice plant cultivated in industrial
effluent receiving soil[ J]. EnvironmentAsia, 2010, 3(2): 15-
19.
[10] 30, W, DK, 5 A EIFOAR S S H 4 g s
S e A L REAER RS ()], R, 2011, 37
(8): 1457-1464.
Tang W G, Tang H M, Luo Z C, et al. Impacts of winter

Chinese Journal of Rice

(9]



2926 woom B ¥ 39 %
planting patterns on soil heavy metal content and grain quality in assessment of metals from consuming vegetables, fruits and rice
late rice in double cropping rice area[J]. Acta Agronomica grown on soils irrigated with waters of the Ebro River in
Sinica, 2011, 37(8) : 1457-1464. Catalonia, Spain[ J]. Biological Trace Element Research, 2008 ,

[11] Bennett J P, Chiriboga E, Coleman J, et al. Heavy metals in 123(1-3) : 66-79.
wild rice from northern Wisconsin [ J ]. Science of the Total [26] 47, KITF, BX2Y, F R HIRAKEKESEG
Environment, 2000, 246(2-3) : 261-269. BRSSO RT 2 DA [ )] FRBERLE, 2004, 25(2) : 47-

[12]  fomm, B3CHE. 120 BEETEAE AR SR )]. EAME 50.

P A2, 2003, 30(6) : 368-371. Gao J J, Zhang L. P, Huang S B, et al. Preliminary health risk

[13] Y, i%iﬁﬂ’ﬂﬂ%ﬁf’iﬁﬁ(ﬁ[ M]. dbat. i [ b B assessment of heavy metals in drinking waters in Beijing [ J ].
H AL, 2000. 638. Environmental Science, 2004, 25(2) : 47-50.

[14] Cheng J L, Shi Z, Zhu Y W. Assessment and mapping of [27] ZEll, Wk, tRibd, & WA O &R TS 2
environmental quality in agricultural soils of Zhejiang province, S MBS T A R S e AR XU AL [ D], BREERRAE, 2013,
China[ J]. Journal of Environmental Sciences, 2007, 19(1): 34(3) . 1076-1085.

50-54. LiRZ, Pan C R, XuJ J, et al. Contamination and health risk

[15] Han B C, Jeng W L, Chen R Y, et al. Estimation of target for heavy metals via consumption of vegetables grown in
hazard quotients and potential health risks for metals by fragmentary vegetable plots from a typical nonferrous metals mine
consumption of seafood in Taiwan[ J]. Archives of Environmental city[J]. Environmental Science, 2013, 34(3) . 1076-1085.
Contamination and Toxicology, 1998, 35(4) . 711-720. [28] SYMEVK, ¥br, #pEWE, 5. TR0 T AS[R] X 38K R R kL 52 4

[16] HHEMH. T3EKRERGE IR TR S KIS g KU PP JETRBRE S B RATA []. AL FRERL 223, 2010,
HrD]. Kb sl R R, 2013, 29(4): 659-665.

[17] 4RJCJC, BT, Rk, 55 R0 XE 8 85 4™ 5 Qi Y B, Huang B, Yang Y F, et al. Heavy metal “e_a,ocﬁ'rfl.ulalion
R R ARSI ()], ik, 2015, 34 characteristics and rf;k assessment of rice grairi}xy (“iifférent
(11); 2133-2135. regions of Suzhou city, China[ J]. Journalsof Agro—.E'nVirgnment

(18] RIEFRESUEI G, b EHOC RIS M. LA o Science, 20105729 (4) ; 659-665.
PRETRL A AL, 1990. v [29] ﬁ/ (NI'B H{@E FJH. | i XU Dﬂa&ﬁﬁéﬂﬁ

[19] %‘U” MR, BRIADG, 45, 36T SO A 197 Pt Ay + 3 ””ﬁ@?&ﬂ:ff‘ul E’Jll‘slﬂftﬂ ¥, 2009 _?9(2)

EME&EFLFWH?E[J]. j:f%%éf& 12017, '54“'(1) : 92- 135.
107. | - Hang HX S, Zhou I™, deg H Y. Heavy metdl "'pqllutlon
Song B, llan M L) Chen T B, et al. Charact fizal characterlstlcs and asse smeu-t of rice grain from a lypl(,al *high™
cohtents i lxpwﬁl smls of Guangxi and psk a,s_sess based on risk dre.i of Changshu city, Jiangsu Provifce FFT Ch};_l_af“
 literature .dgte[.” " Acta Pedologica Slmgd 20].7 54(1') 92— Envm)nme al SuenLe %009 29(2): 130-135.4 .
Jor. [ & /i [30] S, W R )llﬂﬂi%ﬁﬁ%ﬂ:/k%aiﬁé%ﬂ

[20] Roychowdhury TeImpact of sedimentary arsg”'nic,'lhrolygh il",‘r“igated [

[22]

[23]

[24]

[25]

"‘ gr()li\'ndwater on s01l .
Bengal deltall special reference to raw and oopked rlc(fﬂl Fao_d..f
" dnd C-hemlcal Toxicology, 2008, 46(8) : 2856-2864. —

pldnt

ﬁ'ﬁ}@ BT, B, S5 TR X LK RS
0 @ A A AR S AR XU PPN [T]. PREERL2:, 2018, 39
(2):916-926.

Yin Y M, Zhao W T, Huang T, e al.
characteristics and health risk assessment of heavy metals in a

area [ J ].

Distribution

soil-rice system in an e-waste dismantling

Environmental Science, 2018, 39(2) : 916-926.

REZRDY, R, IR, 55, BP0 S s 3 = 4
Eim AR [J]. A S SR I, 2016, 32

(3): 478-485.

LuS F, Song B, Fu F Y,

vegetable and its health risk as affected by mining activities in

et al. Heavy metal content in

Nandan county[ J]. Journal of Ecology and Rural Environment,
2016, 32(3) : 478-485.

hEE SR hEERE R ST w )], 8
FeEAf, 1998, 20(4) ; 5-15.
Ostapczuk P, Valenta P, Riitzel H,
differential stripping
determination of heavy metals in environmental samples [ J].
Science of the Total Environment, 1987, 60 1-16.
Ferré-Huguet N, Marti-Cid R, Schuhmacher M,

et al. Application of

pulse anodic voltammetry to the

et al. Risk

crops and human continuum from#

[31]

[33]

USERE = g&fﬁ’—‘%ﬂ BEr [J]. Aok 3R ﬂMM
i, 2013 , 32(10) ; 1992-1998.

Wu D, Yang X Z, Li C X, et al. Concentrations and health risk
assessments of heavy metals in soil and rice in zinc-lead mining
area in Guizhou province, China [ J ].
Environment Science, 2013, 32(10) ; 1992-1998.

AREEIE, okdE, FEAN, AF. SRETEET R X OROK R
TSP B £ 2 i MR AR [T]. T ARA&RL B2, 2015,
42(16) ; 64-70.

Zou MY, Zhang L., Zhou Y P, et al.

dietary exposure risk assessment of heavy metals in rice from a

Journal of Agro-

Pollution evaluation and

lead-zinc ore mine[ J]. Guangdong Agricultural Sciences, 2015,
42(16) : 64-70.

NS, EAHAM, wABIR, 5. KEEHE X/ NERUKTEE S
o B ek A B KU AT [ 1] RO PRI 224 4T, 2015,
34(4): 679-685.

Sun Y F, Wang Z W, Meng W Q, et al. Contents and health
risk assessment of heavy metals in wheat and rice grown in Tianjin
sewage irrigation area, Chinal[J].
Science, 2015, 34(4) : 679-685.
AR, I, BB, SF. MR T K R B TS e S
TR IEN )], B4, 2014, 35(4) ; 53-56.

Zhu L B, Sheng D, Qi X M,
health risk assessment of rice grain in Bengbu city[ J].

and Technology of Food Industry, 2014, 35(4) . 53-56.

Journal of Agro-Environment

et al. Heavy metal pollution and

Science



HUANJING KEXUE Vol.39  No.6

Environmental Science ( monthly) Jun 15, 2018

CONTENTS

Diurnal Variation of SOA Formation Potential from Ambient Air at an Urban Site in Beijing +++++++ LIU Jun, CHU Bi-wu, HE Hong (2505)
Characteristics of Key Size Spectrum of PM, 5 Affecting Winter Haze Pollution in Taiyuan - YANG Su-ying, YU Xin-yang, ZHAO Xiu-yong, et al. (2512)
Characteristics and Source Apportionment of Water-soluble lons in PM, 5 During Winter in Panjin «+eecreeeesssinn, ZHANG Lei, JI Ya-qin, WANG Shi-bao, et al. (2521)
Characteristics and Source Apportionment of Volatile Organic Compounds in the Rainy Season of Guangzhou City «++++++seseeseereeseseeres GU Ying-gang, YU Xiao-fang, YANG Wen-da, et al. (2528)
Emission Characteristics of Dehydrated Sugar and Acephenanthrylene in Particles from Tropical Forest Burning —+xeoveveeessessesesissenenennne JIN Cheng-miao, CUI Min, HAN Yong, et al. (2538)
Construction and Application of Vertical Diffusion Index for Analyzing Weather During Pollution Events in Tianjin - ++ CAl Zi-ying, HAN Su-qin, ZHANG Min, et al. (2548)
Comparison Between Atmospheric Wet-only and Bulk Nitrogen Depositions at Two Sites in Subtropical China -+ »+ ZHU Xiao, WANG Jie-fei, SHEN Jian-lin, et al. (2557)
Emission Reduction Benefits When Eliminating Yellow-label Vehicles in the Jing-jin-ji Region «eseeeeseervsesserenisimineneiinn. LU Ya-ling, ZHOU Jia, CHENG Xi, et al. (2566)
Health Assessment of the Stream Ecosystem in the North Canal River Basin, Beijing, China *+ -+ GU Xiao-yun, XU Zong-xue, LIU Lin-fei, et al. (2576)

Pollution Characteristics and Source Identification of Polyeyclic Aromatic Hydrocarbons and Phthalic Acid Esters During ngh Water Level Periods in the Wuhan Section of the Yangtze Rlver
QRN ++eeeeesersesemsesems et st et e b bbb DONG Lei, TANG Xian-giang, LIN Li, et al. (2588)
Characteristics of Antibiotic Resistance Genes in Downstream Areas of the Aojiang River, Fujian Province -+ ZHANG Dan-dan, CUO Ya-ping, REN Hong-yun, et al. (2600)
Distribution Characteristics and Risk Assessment of Heavy Metals in the Sediments of the Estuary of the Tributaries in the Three Gorges Reservoir, SW China «+:esseseeseeesesessenesenenenn
............................................................................................................................................................ FANG Zhi-ging, CHEN Qiu-yu, YIN De-liang, et al. (2607)
Assessment of Physico-chemical Properties and Phosphorus Fraction Distribution Characteristics in Sediments after Impounding of the Three Gorges Reservoir to 175 m — +xeseesreseresesneneenen
............................................................................................................................................................... PAN Chan-juan, LI Rui, TANG Xian-giang, et al. (2615)
Source of Nitrate in Surface Water and Shallow Groundwater Around Baiyangdian Lake Area Based on Hydrochemical and Stable Isotopes +««+sesseseressererseemenenenieninenennsininnennnens
KONG Xiao-le, WANG Shi-qin, DING fei, et al. (2624)
Thermal Stratification and lis Impacts on Water Quality in Shahe Reservoir, Liyang, China - SUN Xiang, ZHU Guang-wei, DA Wen-yi, et al. (2632)
Spatial and Temporal Variation Characteristics of Drip Water Hydrogeochemistry in the Xueyu Cave of Chongqing and Iis Implications for Environmental Research + -
.................................................................................................................................................................. ZENG Ze,, JIANG Yong-jun, LU Xian-fu, et al. (2641)
Distinguishing the Compositions and Sources of the Chromophoric Dissolved Organic Matter in a Typical Karst River During the Dry Season: A Case Study in Bitan River, Jinfo Mountain
....................................................................................................................................... «++ LIU Yue, HE Qiu-fang, LIU Ning-kun, et al. (2651)
Environmental Significance of the Stable Isotopes in Precipitation at Different Altitudes in the Tuolai River Basin LI Yong-ge, LI Zong-xing, FENG Ql et al. (2661)
Spatial-Temporal Variations of CO, and CH, Flux Through a Water-air Interface Under the Effect of Primary Productivity in Wulixia Reservoir -+ RERER
..................................................................................................................................................................... PENG Wen-jie, LI Qiang, SONG Ang, et al. (2673)
Spatiotemporal Succession Characteristics of Algal Functional Groups and Its Impact Factors for a Typical Channel-Type Reservoir in a Southwest Mountainous Area —+-«+sessesseeeressesnensenees
ZHANG Yao-wen, LI Hong, LI Jia, et al. (2680)
Seasonal Succession of Phytoplankton Functional Groups and Their Driving Factors in the Siminghu Reservoir ««++++++-- ZHENG Cheng, LU Kai-hong, XU Zhen, et al. (2688 )
Effects of Nutrient Addition on the Growth and Competition of Bloom Forming Cyanobacterium Chrysosporum ovalisporum; An In-situ Experiment -
................................................................................................................................ WANG Meng-meng, ZHANG Wei, ZHANG Jun-yi, et al. (2698)
Purification Effect of Submerged Macrophyte System with Different Plants Combinations and C/N Ratios ~«+seseereeeeresresessenseemenennsnininsnsinincnsnenees LIU Miao, CHEN Kai-ning ( 2706 )
Characteristics of Nitrogen and Phosphorus Concentration Dynamics in Natural Ditches Under an Irigation-Drainage Unit in the Jianghan Plain «+eseeeesersssnssinnin.
HUA Ling-ling, ZHANG Fu-lin, ZHAI Li-mei, et al. (2715)
Distribution and Treatment of Antibiotics in Typical WWTPs in Small Towns in China - + CHAI Yu-feng, ZHANG Yu-xiu, CHEN Mei-xue, et al. (2724)
Effects and Mechanism of the Combination of Ozone-PAC as a Pretreatment for the Reduction of Membrane Fouling — «+seseereeresvsesereeneeees DONG Bing-zhi, GAO Hao-yang, HU Meng-liu ( 2732)
Start-up and Process Characteristics of Simultaneous ANAMMOX and Denitrification (SAD) in a Pilot-scale Anaerobic Sequencing Batch Reactor (ASBR) «++esreressessrssisnunssinnnisniniannns
............................................................................................................................................................... YU De-shuang, TANG Jia-jia, ZHANG Jun, et al. (2740)
ZENG Xue-yang, LUO Hua-yong, ZHANG Yao-kun, et al.
LONG Bei-sheng, LIU Xun-lei, LIU Hong-ho, et al.

2748
2756
2763

)
Shorteut Nitrification Rapid Start and Stability of Comn Starch Wastewater +-«+xesveveseees )
Nitrifying Bacteria Culture in Entrapment Immobilization B R LR LR YANG Hong, HU Yin-long )
Performance of the Removal of Nitrogen During Anaerobic Ammonia Oxidation Using Different Operational Strategies AN Fang-jiao, PENG Yong-zhen, DONG Zhi-long, et al. )
Transformation of Protein in Sludge During High Solids Anaerobic Digestion +-+ ZHAN Yu, SHI Wan-sheng, ZHAQ Ming-xing, et al. (2778)

)
)
)

~ e~~~

Changes in Heavy Metal Speciation and Release Behavior Before and After Sludge Composting Under a Phosphate-rich Atmosphere +-+++++xeseesees LI Yu, FANG Wen, QI Guang-xia, et al. (
Effect of Denitrification and Phosphorus Removal Microorganisms in Activated Sludge Bulking Caused by Filamentous Bacteria -+ GAO Chen-chen, YOU Jia, CHEN Yi, et al. (2794
Microbial Population Dynamics During Domestication and Cultivation of Biofilm to Remove and Enrich Phosphate *+ MENG Xuan, PAN Yang, ZHANG Hao, et al. (
Effects of Elevated Tetracycline Concentrations on Aerobic Composting of Human Feces: Composting Behavior and Microbial Community Succession - :
............................................................................................................................................................... SHI Hong-1
Effect of Long-term Organic Amendments on Nitric Oxide Emissions from the Summer Maize-Winter Wheat Cropping byslem in Guanzhong Plain
YUAN Meng-xuan, WANG Jin-feng, TAN Yue-hui, et al. (2819
QI Le, GAO Ming, ZHOU Peng, et al. (2827

WANG Xiao-chang, LI Qian, et al.

)
Effects of Mushroom Residue Application Rates on Net Greenhouse Gas Emissions in the Purple Paddy Soil -+ )
Estimation of Winter Wheat Photosynthesized Carbon Distribution and Allocation Belowground via 'C Pulse-labeling «++++++++essessessessesseene SUN Zhao-an, CHEN Qing, HAN Xiao, et al. (2837)
Effects of Vegetation Restoration on Soil Nitrogen Pathways in a Karst Region of Southwest China YANG Yi, OUYANG Yun-dong, CHEN Hao, et al. (2845)
)
)
)

Identifying the Origins and Spatial Distributions of Heavy Metals in the Soils of the Jiangsu Coast LU Jian-shu, HE Hua-chun (2853
Source Identification and Spatial Distribution of Heavy Metals in Soils in Typical Areas Around the Lower Yellow River ««+sessereereereeencnenees YU Yuan-he, LU Jian-shu, WANG Ya-meng (2865
Spatial Variation of Soil Heavy Metals in Lin'an City and Its Potential Risk Evaluation «+«+«teeeeeeereesresssenenennineninnnnne ZHENG Jing-zhi, WANG Chu-dong, WANG Shi-han, et al.

Principal Component Analysis and Ecological Risk Assessment of Heavy Metals in Farmland Soils around a Pb-Zn Mine in Southwestern China ««+s«sssssessesseserenssmmisnensnnineneennes

—~—~—

ZHOU Yan, CHEN Qiang, DENG Shao-po, et al. (2884 )
Spatial Variation of Heavy Metals in Soils and Its Ecological Risk Evaluation in a Typical Carya cathayensis Production Area  ++++++++ ZHANG Hong-ju, ZHAO Ke-li, YE Zheng-gian, et al. (2893)
Influence of Biochar Application on Growth and Antioxidative Responses of Macrophytes in Subsurface Flow Constructed Wetlands -+ HUANG Lei, CHEN Yu-cheng, ZHAO Ya-qi, et al. (2904)
Effect of Iron on the Release of Arsenic in Flooded Paddy Soils WANG Xin, ZHONG Song-xiong, CHEN Zhi-liang, et al. (2911)
Concentrations and Health Risk Assessments of Heavy Metal Contents in Soil and Rice of Mine Contaminated Areas ++= TIAN Mei-ling, ZHONG Xue-mei, ZHAGN Yun-xia, et al. (2919)
Effect of Calcium Silicate-biological Humus Fertilizer Composite on Uptake of Cd by Shallots from Contaminated Agricultural Soil +++* LIU De-ling, YIN Guang-cai, CHEN Zhi-liang, et al. (2927)
Accumulation Characteristics of Heavy Metals in Greenhouse Soil and Vegetables in Siping City, Jilin Provinge ««+eseereseeeeeesescneness LI Lian-fang, ZHU Chang-xiong, ZENG Xi-bai, et al. (2936)
Effect of Foliar Zinc Application on Bioaccessibility of Cadmium and Zine in Pakchoi «««-xeoveeererresenssmsenenenininiine WANG Lin, GU Peng-lei, LI Ran, et al. (2944)
Mercury Distribution of Benthonic Animals and Response to Mercury in Sediments in Caohai Wetland, Guizhou Province -+ XU Yi-yuan, ZENG Ling-xia, HE Tian-rong, et al. (2953 )
Discussion of Emissions and Health Risk of Polycyclic Aromatic Hydrocarbons (PAHs) from the Retreading Process of Waste Tires »+ FU Jian-ping, ZHAO Bo, LI Yu-qing, et al. (2963)
Spatiotemporal Dynamics of CO, Emissions in Chongqing: An Empirical Analysis at the County Level -+ +++ SUN Xiu-feng, SHI Kai-fang, WU Jian-ping (2971 )
Impact of Size on Environmental Behavior of Metal Oxide Nanoparticles —«+oveeeeessesrerssssemenensiniiiii YAN Yu-peng, TANG Ya-dong, WAN Biao, et al. (2982)
Fate and Toxicity of UV Filters in Marine Environments —+-«+«eseeeesresessesssnssneneninnnininsnnsnss s 7ZHU Xiao-shan, HUANG Jing-ying, LU Xiao-hui, et al. (2991)



	封面
	封面
	中文目录


