2015,34(4):679-685 R oA IO R 2 % R

Journal of Agro-Environment Science

201544 H

RETEXNEFKBESEN S = RERRNEIEMR
T, A, BAAK, AL, R, T, KK
(R SRR 2222 B, Kt 300387)

= LIRS ORI A L B FERT G2  SRAR TS HE DA 24 S/ NAZ I 29 A KA ity S HGH I A9 L SR, T HE DX A 10 4>
INAERE AT 14 A IKRERE i SRS 9 3R A, 2351 5R T ICP-AES FIE 75/ ke dh i Cd (Cu \Pb Zn (Cr \As Fil Hg & &, 7EIL
SR E S BT TE HE IX S i 75 Y 0 LA BT DX /N2 MUK A P E 4 ] )™ AR OB XU, o TR 45 SRR, M5 9 3
F4 R A 3P R AR, L3 Cd Zn F Hg B 5253512 0.46,129.05,0.52 mg-kg™, B Kot H 3 it — bnife . 15iE X/
AKAEH P B2 5 523500 0.14,0.62 mg- ke, o TR G 2 A2 BREEBRIE , 0 A SAHRE ™ A XURS: , HoA =R DT 3R AR/ N2 FUK AR
HR 38 5 R [ 2 i 2 A BRI s RS AR Al P Hg  As 1P 235 0 5 T [ 5 R 28 e BRAERME S THR A5 R 278 Cd Al Zn
R R A RS = T A CER SO BAT S 6 Sl B3 5 SRR B/ NE FUK R 758 . FARKUSR B (THQ )AL 345
RN R THQ (IR T 1, W 21 M RO 15 DX A R A /KRS B INAZ BT SR SEA AN A A B IXUBS: 5 /N FIOK AR As THQ
(ELER A 1, W TE £ P TS DA A AR R R R/ INAZ IS As Al ox 22t fos B OB B ™ A XU

KGR BB TGU s H B s FARIXUS A8 20 (XU s RS

FESEKS X8204  TEAEREARD:A  XEHS:1672-2043(2015)04-0679-07  doi:10.11654/jaes.2015.04.011

Contents and Health Risk Assessment of Heavy Metals in Wheat and Rice Grown in Tianjin Sewage Irrigation
Area, China
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(College of Urban & Environment Science, Tianjin Normal University, Tianjin 300387, China)

Abstract : Sewage irrigation has caused soil heavy metal pollution. In this study, we collected 24 wheat samples and 29 rice samples and
corresponding soil samples from sewage—irrigated area and 10 wheat samples and 14 rice samples and corresponding soil samples from clean
water irrigation area in Tianjin sewage irrigation area. Concentrations of heavy metals such as Cd, Cu, Pb, Zn and Cr in both crops and soils
were determined by inductively coupled plasma atomic emission spectrometry. Concentrations of As and Hg were measured by atomic flores—
cence spectrometry. Results showed that continuous applications of wastewater had led to accumulation of heavy metals in soils. The concen—
trations of Cd, Zn and Hg in soils were 0.46 mg-kg™, 129.05 mg-kg™, 0.52 mg-kg™,respectively, which exceeded the allowable limits of the
second grade standards of soil environmental quality of Tianjin. The concentrations of Pb in wheat and rice were respectively 0.14 mg-kg™,
and 0.62 mg-kg™', being higher than the safe limits for human consumption and thus having human health risk. Transfer factors of Zn and Cd
were higher than those of other elements. Concentrations of heavy metals such as Cd, Zn, and As in some wheat samples and Hg and As in
some rice samples exceeded the safe limits of China National Food Standard, suggesting their potential ecological risks to human health.
Target hazard quotient( THQ ) of individual metal was below 1, implying that heavy metals through consumption of either wheat or rice
had little health risks. However, the sum of THQs of As for wheat and rice was above 1, indicating As health risk to the local residents via
consumption of wheat and rice.
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Figure 1 Tianjin sewage irrigation area and sampling sites
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Table 1 Concentrations of heavy metals in soils
oy e 5T RG] R HETS ] | £ilal)
WWI CWI WWI CWI WWI CWI
Cd JER 0.05~0.97 0.08~0.38 0.4~0.79 0.13~0.37 0.51~1.17 0.03~0.64
HE 0.40 0.24 0.58 0.17 0.75 0.16
FriEZE 0.12 0.105 0.11 0.08 0.18 0.42
Cu Biels | 10.9~49.8 9.94~31.06 24.11~61.3 28.95~31.0620.68  21.64~57.55 14.83~41.0
Ml 24.98 21.05 37.38 30.31 36.89 32.00
PR 9.22 5.897 8.11 0.02 10.52 11.2
Pb YL 3.8~49.77 2.81~36.95 10.29~33.5 14.13~17.95 10.19~55.5 17.5~29.0
I 27.10 17.21 17.66 14.51 21.30 23.20
FruE2E 8.31 3.575 4.69 2.40 13.29 347
Zn BNk 62.2~333 60.0~213.8 72.87~307.2 81.02~152.2 83.96~233.9 46~98.33
Bl 119.87 87.11 171.20 92.31 163.17 85.30
FRiER: 43.08 28.98 66.59 18.5 50.4 26.4
Cr JLE 40.16~104 36.2~56.6 61.32~108 41.6~54.55 62.23~89.26 51.67~76.33
i 64.67 5191 74.88 52.92 75.33 65.92
FriE2E 16.75 6.47 12.54 3.47 7.39 54
As YE I 7.04~16.8 4.56~9.32 8.04~17.7 6.37~14.89 8.76~17.35 5.14~13.55
Ml 11.10 7.57 12.11 11.31 10.65 9.44
bRz 2.87 1.89 2.87 3.24 2.96 2.75
Hg S 0.035~1.72 0.026~0.30 0.037~1.52 0.025~0.433 0.096~1.21 0.01~0.49
i 0.534 0.21 0.492 0.24 0.49 0.21
i 0.45 0.01 0.37 0.08 0.26 0.08

WWI/CWI

Cd Cu Pb Zn Cr As Hg
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Figure 2 Ratios of soil heavy metal concentrations in waste water
irrigation(WWTI) to clean water irrigation(CWT )
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Figure 3 Means of heavy metal concentrations in wheat and rice

soils at waste water irrigation site
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Table 2 Safe limits of heavy metals(mg-kg™)
Fnifi Cd Cu Pb Zn Cr As Hg
+iE EE HE(GB15618—1995) 0.6 100 350 300 250,/350; 25,/20, 1.0
R brife * 0.159 43.71 32.83 115 107,/124,  16.64,/14.64,  0.258
R bR fE(EU2002 ) 3.0 140 300 300 150 — —
WHO/FAO — — — — — — —
bi-t7] [ % F51E(GB 2762—2005) INGZ 0.1 10 0.2 50 20 0.15 0.02
TG 0.2 10 0.2 50 — 0.15 0.02
B FRE(EC: No 629/2008 ) 0.2 — 0.2 — — 0.1 0.02
WHO/FAO 0.2 40 5 60 — 0.15 0.02
D R A8 P K A3 5 R WEI rfus K AT 1 Se (A4S, 1990,
R3 REWHTERKBINZEFEIHHNEEESE(ng-kg)
Table 3 Concentrations of heavy metals in rice and wheat in Tianjin sewage irrigation area
TiH Cd Cu Pb Zn Cr As Hg
INFEFEE S 0.025~0.176 2.15~4.16 0.06~0.24 16.21~53.0 0.28~0.62 0.096~0.20 0.001~0.015
BTl 0.062 2.99 0.14 27.67 0.49 0.128 0.013
FrifE2s 0.020 051 0.05 733 0.10 0.059 0.006
IKAE T3¢ S 0.013~0.215 2.62~6.67 0.26~1.73 14.0~44.3 2.56~5.47 0.046~0.38 0.001~0.257
I 0.07 4.45 0.62 22.73 3.91 0.166 0.022
FrifE2 0.025 0.59 0.104 2.14 0.64 0.079 0.005
- _ 1001
T 100 ;
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41 E HE g}
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Figure 4 Concentrations of heavy metals in wheat seeds grown in
WWI and CWI areas
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Figure 5 Concentration of heavy metals in rice grown in

WWI and CWI areas

224 H#AH(DIR)

T4 S AT AR I B TR AR T AT T H A
AR T HE DGl R N UK R AR Y
HEEARMZEAK, il FAO/WHO it NS4
(R 4), R ARG HE X 2P R,
3.2.5 HirAEFEE(THQ)

H A IRUBSFi8 50178 At B 245 R /s /N 22 K R Hp e
A JE X 2 R RIS = A R XU (R 4) 0 IR
EHR—WELSE THQ<I, FEUWHE HI /N sk
it RS A, (HJR KRG AN ZZ P — T 4 R B
THQs AT HER T 1, DRI o XU o o5

IKFERUNZ B4R As 1) THQs (KT 1, B
/INZE TR R BT B T X 24 i Jar B 7= A ekt B RURS: (3%



684 YR S ity 34 EFE 4
x4 SERNEFKBHEBET BEANENBRKRIENE

Table 4 Transfer factors(TF ), estimated daily intake rates( DIR ) and target hazard quotient( THQ ) values of heavy metals in wheat and rice

I H Cd Cu Pb Zn Cr As Hg
TF INFE 0.111 0.099 0.008 0214 0.007 0.012 0.087
TKFF 0.242 0.105 0.015 0.181 0.095 0.011 0.100
DIR INEE 0.0002 0.0115 0.0011 0.1068 0.0019 0.0005 0.00005
IKAE 0.0003 0.0187 0.0018 0.0956 0.0164 0.0005 0.00003
PTDI* 60 300 214 60 --
THQ INFE 0.0980 0.1181 0.0111 0.1457 0.0005 0.6742 0.0411
KA 0.1074 0.1707 0.1650 0.1163 0.0040 0.5626 0.0215
by 0.2054 0.2888 0.1761 0.2620 0.0045 1.2368 0.0627

4+ * PTDI(Potential tolerable daily intake ); Joint FAO/WHO Expert Committee on Food Additives, 1999.
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