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Pollution Characteristics and Health Risk Assessment of Heavy Metals 1n Wheat

|‘

Grains Cultivated in Ka1feng Irrigation Area of the Yellow River

KANG Guo-hua, ZHANG Peng- -yan |, LI Yan- -Yans YANG Dan, PANG Bo HE Jianj J]1om YAN Yu= hang

( College of Env1r0nment and Planning, Henan Umversn.y, _K«ﬁn“eng 475004, Chma) . )
Abstract In ordel; t@ monitor heavy metal poﬁu.tmn. n agncultural soils and assess the correspondlng health risk in the “Yellow R1ve1:m-‘
1IT1gat10n area, tﬁl% study applied the Neémero mdex and the health risk index to evalu?e heavy rnélial pollution in wheat.grains and the

health|risks for residents in the lower reaches of the Yel_llpw River. Four towns in Kaifeng | which are within the lower reaches of the
Yellow River, were selected as the study areal The examination of wheat samples revealed that the average contents of Cd, Cr, Ph,
Cu,/Zn, Nl and Hgiin the wheat grains 'were 0. 034 0.428, 0. 279, 5.363, 29.605, 0.305, and-0. 003 mg-kg" ', respectively.
Among the heavy ‘mnetals, Pb and Zn exceededithe national” food_-hygwne standards. The pollution indices of Pb and Zn in the wheat
graing dontributed significantly to the comprehensive polltition index, as each was greater than 1 (1.985), although the pollution
indices of the other heavy metals were less than 1. The comprehensive pollution index of wheat in each town ranged from 1. 116 to
1. 847."The health risk indices of non-carcinogenic heavy metals (Pb, Cu, Zn, and Hg) for adults and children were 1.055 8 and
0. 5450, respectively. The health risk indices of carcinogenic heavy metals (Cd, Cr, and Ni) for adults and children were higher than
the maximum acceptable risk level (1 x 10™*) recommended by the USEPA, which suggests that residents of the study area have a
high risk of developing various forms of cancer.

Key words: wheat; heavy metal; pollution characteristics; health risk; Yellow River irrigation area
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far (E2), mE 2 /5, ERmr 1 FELR/NERT
i Zn, Cu A1 Pb BYRIE, =3 Z 18] A9 AH G 14
5, B —E B RIVEERE, 52 B Tl R /K Y
S, RS 2 EETTEOTE N Cd A He, fAEAR
R E AT5 Yy, Cd J2A40 % 3h (Wl 24 | it
FAPCAR S ) bR e 2 ), e TR [ R R L
BAR, 2970% kT A3 AKIRFIZ S He £
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Table 3 Variance analysis of the principal component analysis of heavy metals in wheat grains

P oI GERR I FRIF- 57 AR A eI R A

Hit T2/ % 2B % At F %/ % 2% A1t /% HE/%
1 2.054 29.339 29.339 2.054 29.339 29.339 1.789 25.558 25.558
2 1.283 18.327 47. 666 1.283 18.327 47. 666 1.324 18.920 44. 478
3 1.088 15.537 63.203 1.088 15.537 63.203 1.311 18.725 63.203
4 0. 875 12.507 75.710
5 0. 673 9.614 85.324
6 0. 660 9.422 94. 746
7 0. 368 5.254 100. 000

x4 NEFHESRBERHRSERE
Table 4 Rotated component matrix for heavy metal

contents in wheat grains

%
AN
wEEE n 5 3
cd 0. 089 0.735 0. 073
Cr 0.272 ~0. 004 0.750
Zn 0.716 0.462 0.040_
Ni ~0.137 ~0.028 0.833
Hg 0.016 0.671 ~0,100
Cu 0.769 0.221 | 0.183
Pb 0765 ~0.264 | -0.023./ -
Fa F 3 i P -~ “.l'
T 7
1.0
0.5
&
2
-0.5
=-1.0

10 05
L2

B2 HMIRRNEFHNESERFHE

Fig. 2 Factor loading of heavy metals in wheat

0
0 s 0.5
05 1.0 1.0 77 w3

grains in the study area

2.3 /NERPRIHE R TS YRR PR

RIGAZ (1) | (2) BHHFR XX ESETE
PAFMEE IR (K5, 6) , IR FI5 4850 45 21
KF(FS), PR/ FR T EEE SR 5 R
K Pb Ml Zn, 15 Q8B R T 1, %1% X Pb Fl Zn
TGRS0 e s, MR X428 T
Pb Fl Zn 897544 ; Cd ., Cr, Cu. Ni Fl Hg f975 44485
BI/NF 1, R X A Z B X R LSEITEN
5y Hid, He MR/, R 0.162, 744 S X

T TG YTy 100% , R BFFE X 1 BE /1N
FERIRITE. IS | W02 LS
WL ANL TS ERREE YRR, EENS TR
¥ Pb Ml Zn. AHELHL Ni, Cr Al Hg, Cd FlLGa Y75
YRR, Rtk PE A Zn 2R, T RS St
GRNESIBILE. IEATS RIS EORH A5 T
(%6), BIFERE/INELEIG IR HO0 19855 T, J@
TREETEEE  Ji G DN E 0% B TS g
WCHEFF Ik RS 05 b 2 > N 1 5 #0515
YRS BN A L. 106 3 1. 847 2 I, S T A
Wh. i TR 2 B i W SR R I, L2 e
REACT Ry Wk e FE 2253, % 2 Kb A
PRI Y RDLA 7622 5. KA & 2 R AR BRI A B

FRTEHEM, HAOI IR, % S AT R

AR DX A O M, S R, AR &
&, TOlEK K385 | ARZGAE | ARV HERE | 1%
FRAHERESIR ETORIE,; VER8 S A& iH
WX SHI X 4G, RN IE NS R RIS,
EIT TR R &M, Tl R K RO sh x4
HH 3 (S M ARG S8 A, SRR 9E X N /N S BT
BB/ DX M 1 2 FAEAE £ 467 F BTk X
FEE B RERTR S, B TR R M, AR 14
IR, AR, B WM e B AR IZIX S A,
Z AR S I ETTASCR ) B R, KR
FAETRITEREDX., V57K HEE | 228 2 i A Tl A= = 46
s Al e e U S
2.4 AAEPIHREA R R KU EA

HRIEA(3) ~ (7) AT BT XN KR
Hh e <5 (S0 AR SO ) X B R LEE 1 £ B XL
Br(#7.8).
2.4.1  AEBUE I

WG 7 vIHT, AFLEXS Ph, Cu, Zn, Hg
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Table 5  Single factor pollution index and the proportion of the pollution grade for each heavy metal, in each district of the study area
B 5 YL AR 5 AFETGYAEY S e %
[X 35 TR
PN FHME /M RS BTG Y G Y BRI
cd 1.433 0. 625 0.189 96. 83 3.17
Cr 0.775 0.394 0.262 100
Pb 7.176 1.428 0. 541 63.49 12.70 11. 11 12.70
KFE % Cu 0. 909 0.534 0. 360 100
Zn 2.142 1.485 0.928 6.35 92.06 1.59
Ni 4,237 0. 501 0.126 88. 89 7.94 1.59 1.59
Hg 0. 584 0. 181 0.015 100
cd 1.507 0. 744 0.290 88 12
Cr 0.725 0.429 0.267 100
Pb 4.014 1.553 0.558 56 16 12 16
ik H % Cu 0. 667 0.507 0.327 100
Zn 2.121 1.529 0.981 4 92 4
Ni 2.830 0. 547 0. 168 92 4 4
Hg 0.289 0.113 0.172 100
cd 1.975 0.798 0.263 78.95 21.05
Cr 1. 640 0. 542 0.278 94. 74 5.26 -~
Pb 4. 468 1.276 0. 699 52.63 36784 5.26 7 i 5 26
JLxs2 Cu 0.735 0.560 0.396 100 o R
Zn 2.177 1.522 0.936 5.26 L8421 10. 53
Ni 1.248 0. 4285 0.204 89. 47“" 10,53 \ “ ),x' i
Hg 0. 267 0. 128 0. 050 100 | 2 4
ad 1.107 | 0.594 __ 0.331 90 | 10 - F
e 0.540 | 0422/ _=0.334 100/ & . W
i Ph 2,933 ) g "'_,,‘-’f 0. 655 804 3 20
P £ pu 0.708 4 00544~ 0.392 100 ‘
=4 Fin 1595, | w8317 T Lo “ 7 100_%,
~Ni 2617, |+ 10.696 0.091 80 & 10 10 =
. Hg 0.239/ W [0.133 0. 050 100
7 | “ S ‘
; # u‘.‘l — a ___-"’ . s
i = ®6 MAXSREEFERETREBREETRER
u Table 6° Single factor and comprehensive pollution indices, and the comprehensive pollution grade in the study area
—oh
b — = _ FRTTRER _ e A TR
KIES 0. 625 0.394 1.428 0.534 1.485 0.501 0.181 1. 847 TR TG Y
Wil B % 0. 744 0. 429 1.553 0.507 1.529 0. 547 0.113 1.361 BREE S Y
B 7 0.798 0.542 1.276 0. 560 1.522 0. 428 0.128 1.384 TRRETG Ye
B 0. 594 0.422 1.171 0. 544 1.331 0. 696 0.133 1.116 BRI
£IX 0.671 0. 428 1.394 0.536 1.480 0.508 0.162 1.985 BRI Y

A2 H 8% A B (ADD) R T2 % R 8 ) &=
(RID) , IR IEEIS/NT 1, 3 P, Cu,
Zn ., Hg 1 A XF A AR 2 B A B XURSE . 4t %o % B30
GI@, NSO LEE By A 1 Al fekt B XU )
HERFEYIh Cu > Zn > Pb > Hg, X THEESEE,
Cu AN [ ATRE 14 e o DR 359 Sy e .
DRI ICER , g mAnEA K ME RS &N
SYWAETIRE A EEMEM, (HKR BT EEA Cu,
S FHOCE RN R I E R AE R, A5
T, NERIMTEH Cu & & 5RER & R 2 BAF7E

Cu 1EM A

IR .

filt FRE i AT fi]

B
o

X} HCAIE 9% X /N 22 B350 B 4 i 1 Y
WM R, XT Hg BT as e e —5, MR
5 XN He 15 Q48505 i/, K325 He 1Y
154 MAFSE XA FLEE T He (6 £l BE XU 75
BN 0.1, BIAFST X 1) He B4 X X P JE R
M. AR A EE 4 fat R XU 48 25T
MaE RIS, BN A B XU {EL(HT) A1, 0558 >
1, VAT IR X /N2 i 43 A 9 B 4 B AR KT fig
£ 28 0 N T i R XU 5 L B Y it R XL I 1B
(HI)40.5450 <1, HEBALF BN REE, 3
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Table 7 Intake and non-carcinogenic risk of heavy metals calculated
by the amount of wheat consumed in the study area
ADD HQ
A JLE LN JLEE

Pb 8.54 x107* 4.41x107* 2.44x107" 1.26x10°~
Cu 1.64x107% 8.48x1073 4.10x10°" 2.12x10"
Zn 9.06x1072 4.68x107% 3.02x10°" 1.56x10"
Hg 9.92x10°° 5.13x107% 9.93x107> 5.13x10°
HI 1.0558 5.45%x10"

Hm

o M W R

— o = = =

2.4.2  BUm RS ITHAN

HR A 4 Jm A B XU PE M 25 R aT A (R 8) , I
ANFJLESS Cd, Cr, Ni f9°F3# H A (ADD) ¥
RTZ% R0 & (RD) , WIS E M H 4%
A‘EIMF, Cd, Cr, Ni AR XA AR T B B XU
Cd ., Cr, Ni XA gt R XU 8 B8 (E 53 518 6. 26

x107* 1.83 x107%, 7.85 x 10~*; JL & i il JE XL
6 KA ] 3.23 x 107*, 9.46 x 10 7° | 4.05 x
107*, #8F USEPA H#EFEM f KT #5232 KU K- 1
x 107", W REAFTE 51 &0 1 = KU, o, N
Cd 1A 552 IXUISS: (AL N A T 22 52 118 RS 3 161 1) 341
%, XTI T Cr KU, B0 XS AR Cr Y fadtRR
KBS FEEK T USEPA HEFE (1 55 K AT 4552 KBS 7K F-
SRS IX. 3 Tl o 45 S o flt B I 7 B A v P EE
SIEICE. X GWIE XN BT 4 w15 YT A
R —ERE N MZE. fFERHEFIE Y, Cr
Bl s Tois gy, e g R AU T3 45 2 i XU 45 55
S, X RS E AR RS S K EUE
ARG SEAE . Cr R ARLTFE R EITE,
XA e 5 SRR, Had it Cr seR AN
I, S REOFGE | HmEgE . R A,
TN, SO S B A B n 3

*8 NMNEBNEENELEEBNERBERNE | =
Table 8 Intake and carcinogenic risk of heavy metals calculated by the amount of wheat consumed in the study area”
ADD = RI P

M Cd Cr Ni Cd P Cr | Ni ' 2y

A 1.03 x10 4 1.31 x10-3 934 x10* 6.26x107* | 1.83 x10° 7:85 x10 4 1.97 x10 -3

JL#E 5.30 x10 ° 6.76 x 10 4 4.82.x 107 3.23x107* | 9.46%107% | 4.05x107* 1702/x.40 2

—_— 5 I 7 ..- .r.' o e ] ‘ T

F g J - .-"‘i \“l pr ' .-‘F'. F o
, i Irey - . ﬁ : A
3 Bl ‘&P ) S, FREAT 9 94. 26% M 37, T1% , & TORWITK ™) ™
Wit =~ LV g ‘ “

A B - e 2 P

VYRR B A AN i, fEXd 4 630 J km®
! # g N & - L
R A | S 1 5 B RRR Y 16,45

291008 71 km*, Hor ) 524 BREE | hEERIER RS
Yo D HE 4 R 11.2% . 2.3% . 1.5% A
119%™, 2016 45 A 28 H, FE4BE k(1 1ET
YeBRIR T oKLY, BRGER A R F b 1 3R
BN, NS YRy | A S0 2R
B MBS HRAE T AR F b SR A P T AR
BEACHE , LA P Ml 39835 e XURS: A B A 7
| o

AR SN BRI £ B % UL T /N AR R 4
JER ARG, T ELXE Y M /N T 4R AR R
R EERR XU AT T 408, B — 2 255 (A sk
PR . ARPEIFRZE R BN (R 2) , WFFIX/NFEAT
B A V3 & EARKHES N Zn > Cu > Cr
>Ni >Pb > Cd > Hg, X5 K HHE 5 X T
A IR N Rk T 4 R O B A R —
. Pb I Zn VBRI IE IX/INZE AR v 32 295 G ot
£, PHE e E RS DAEERGIE, 8

X 18. 1896 (#n) i1 4.55% ( Pb) 18 5 3647 LUKt
M3 B 4 1X.0% (Zn) 1 6.67% (Ph) (199 #5
RIS X AT RESZ T NSRS AR . AR A
(25 [B) 28 SRR, AN [R] /N2 i At 25 R HOAS [
ISR E 4R R T, SEUWEWRAR ThE 4 Jm & i
25, M ARMIJLESF Pb, Cu, Zn, Hg, Cd, Cr,
Ni B9 F¥ HEEA S (ADD) MK T2 % %N =
(RID) , BTG XU 48 B0 /N F 1, AR X AR
T A R XU A 1 A O KU 8 B (HT) >
JLEE, X5 5o R R XR AR W) 4 T i R XURG:
TP EEE 3 Hop HI(RA) H 1. 0558 > 1, #
AR 24 M /N 22 1T RE 2 2 X Rl o i gl 3 XU G
Cd, Cr, Ni %t AL () 20 KU 48 508 & T
USEPA #E72 1 fie K AT #2532 KUK K-, T RBAAAES | &
SR 0 = KUK, Her, Cr At XU (B e i, 2 BF
FRIX 3 FPEUEE S E P ER RS E RS N E S
JCE. S9N X B KBS AN 25 SRR L. AR
P25 (3R 5 ~8) o, 5l W HE X /N Ff b
& IRIG Y ERC IR BN TG YK, Cd, Cr, Ni X}
B AFLEE BY 250 RURS F2 B 88 H AR AT 2 22 193
B, PIBEAATE S| AT E 0 ey XURS: , I 1245 B AH &3
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