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Transfer Factor and Health R;s’kxAssessment of Heavy Metals in a Soil- Cropj

System in a 'High Incidence Area of Nasopharyngea_l‘ Carcinoma, Guangdong

YE-Mai',, ZHANG ]mg ru'” ZHANG LTy 'LI Zhao-hui' , LI Xing- yuan ZHOU Yong-zhang’
(1. Quangdong Provfn( ial Academy of Enwronmental Smen( es Guangzhou 510045, Chma 2. Guangdong Provincial Key Laboratory
of Geologlcal Pro¢ess and ‘Mineral Resources Exploration, Sun Y—dt sen University, Guangzhou 510275, China)

Abstract In order totreveal the transfer factor and perform health risk assessments of heavy metals in soil-crop systems in the high
incidenge area of nasopharyngeal carcinoma (NPC) in Guangdong province of China, the farmland system of Sihui City in the high
incidence area of NPC was selected as the research object, and rice, lettuce, and corresponding soil samples were collected. As, Cu,
Hg, Mn, Ni, Pb, and Cd in the soil and crop samples were analyzed. Based on the contents and chemical forms of seven heavy
metals, the environmental pollution, bioavailability, and transfer factors of heavy metals in the soil-crop system were assessed using
statistical analyses, pollution index evaluations, and transfer factor methods, and the health risks of adults and children in the study
area were assessed using the health risk assessment model recommended by the U. S. Environmental Protection Agency. The results
showed that the farmland soil in the study area was basically clean (P =0.43); Cd and Mn mainly existed in a bioavailable state, Hg
mainly existed in a potentially available state, and As Cu, Ni, and Pb mainly existed in a residual state. The lettuce was safe (P =
0.48) , while the pollution index of rice (P =7.66) was higher than that of lettuce, and the main polluting element was Pb (PI =
10.25). The results of soil pollution assessments are not completely consistent with those of crop pollution assessments, so they should
be combined with the bioavailability of heavy metals and crop effects for correlation analyses. Cd and Cu are more easily absorbed by
lettuce, while Cd, Cu, and As are more easily enriched by rice. Special attention should be paid to Cd and Cu pollution in farmland
soils, and As pollution should be of focus in paddy fields. In the study area, the non-carcinogenic risk index (HI) value of edible
lettuce for adults and children was less than 1 and the average value of the total carcinogenic risk index (Risk) of edible lettuce was
less than 1 x 10 ™*. Therefore, the health risk of edible local lettuce was within the acceptable range. The average HI index of rice for
adults and children was more than 1 and the main non-carcinogenic factor was Pb; the risk index of rice was more than 1 x 10~ and
the main carcinogenic factor was As. Rice consumption in the study area will cause certain health risks, and the threat to adults is
greater than that to children. Therefore, As in rice may be related to the high incidence of NPC in Sihui City. It is suggested that the
remediation of heavy metals in farmland soils be strengthened or that residents be forbidden to plant or eat local rice and other crops
with greater health risks.

Key words : high incidence area of nasopharyngeal carcinoma; heavy metals; soil crop system; transfer factor; health risk assessment
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5T IX L1 M (pH B OM) A H 4 & %
LZe 2, pH (HFEHI{E M 5.87 (3.35 ~8.83), Hirp
90% I T3 FE 5 pH <7 A — M HE 5L pH > 8, BF5E
IX A SRR R T , A A RE R S R, 3 1 a5
H AR SRR AR R, T RE A5 X 4 HA) A ]
%ﬂﬁﬁ],ﬁ@ﬂ[ﬂfﬂ?@m T N 1 pH (E A8k,
AR A o e R0 A s A =8 pH (B R SE T B, it
FHA HUIE AT RRAR L 3EmR L. AL & & (i)
BOSIME N 1.31% (0. 12% ~3.54% ). MF2 7]
U, e Mo B e, PRI 386 mgekg
(148 ~825 mg-kg ') , X FE S HAEM TN FEES
K. HAbE 48 & s Pb [(31.2 £10.8)
mg-kg™'] > Cu [(16.6 +8.52) mg-kg™' ] > Ni

0.020, 0.0003 #1 0.0003
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[(14.7 £7.96) mg-kg™' ] > As[(12.0 +10.6)
mg-kg™'] > Hg [(0.13 +0.07) mg-kg™'] > Cd
(0.12+0.04) mg-kg™']. 5 EE L ORE
HAHE (2 2) , Hod 7 FOT R BARR AN 52. 9%,
41.2%. 82.4%. 79.4%. 44.1%. 30.9% F1 73. 5%,
MH As, Hg, Mn, Ni 1 Cd FREY ST A
TR, TR X A A3 4R BB ™
AP, Hoh Hg, Mn #l Cd 5 HA T E E

il

4.
D - PR R A P M 475 e XU B P b e
(i47) (GB 15618-2018) " HIFM 474, He. Cu
I Cd 31X 3 FOCEIICAE 1 AR I KU i e
P08 it KU A I {8, As . Cu, Hg, Ni, Pb il Cd
X 6 FpoCE 1Y 5 YR B /N T 1,05
FHCNTE, 6 FICR WS L5415 e da B E A
0. 43, J& T IE G, AR LT XA A 47 7.

®2 I1EEMREESEEEMRMESIT (n=68,TE)

Table 2 Descriptive statistics of selected physico-chemical properties and heavy metal contents in soils (n =68, dry weight)

¥ T ke H AR Al MR A i e
BH NG ORKR iy P il mwme man wsw e s
pH 3.35  8.83 58 58 0.8 / / / / / / /
OM/% 0.12 354 131  L13  0.67 / / / / / / /
As/mg-kg! 3.3 831 120 9.9  10.60  8.90 40 150 52.9 1.47 0.0 0.30
Cw/mgkg”! 4.6 623 16,6 151 852  17.0 50 / 41.2 1.47 /0
He/mg-kg™'  0.03  0.35 0.13  0.11  0.07  0.08 1.8 2.5 66.2 0.0 0.0-" 0:07
Mn/mg-kg™' 148 825 386 36l 141 279 / / 79.[4 / . N
Ni/mg-kg™! 4.8 6.7 147  13.2  7.96.. 14.4 70 / 44.1 0.0 Y
Pbh/mg-kg~!  13.3 713 31.2  29.4  10.8) =36.0 90 500 (730,09 0.0 00 0. 35
Cd/mg-kg™'  0.03  0.38 0.12 011  0.04  0.097 0.3 20 4 735 0 147 o;_)-’x 0.42
/ 4 7 ./ T

Py 0.13 1.51 0.43 0.39 0.13 /
1)/ FoR A, T |

i
-._.“

202 [wlemp st | /P2
0 AL T 55 T R O B A 1 R
A SR A T R e 1 P M

TR U7 v IR 126 ) TRk i 7 ik
B KA AR () VB T 5 s (F, ) i ks 5

(Fy) JEHIFRLS 545 (F,) BRER A B 745 (F,) |
A LRSS B2 (F,) FUERIEZS (F,) >, Hrhfi 4
JBICEM T, | F, AIF, WAV RIS, 455 gt
PRI ; F, Fs Bl R, 2080 RS, R AR
(AR T A 0 B3 4 W IABE 2500 A 0T LA A= 9
ARA; F, RS, SO b AR nl R A
— Bk UL, AR AR AR TS Yy T EE LA ]
FIFSAAAE  MiAETs e i) H 30 h i 4 R 2 5 0T R H
SHAERT AL G, B TR &£ 2 Ik
EF’BM.

AW R H R E S RIS R 3
FiR , WF5E X 3 e Cd 3558 LA ] 1) S A7 7
(56.87% ) , Hok & Mn (47.2% ) ,Hg H£EH Al Fi
BHBAR ALY 1. 66%, T8 LA AE ] A FHASTEAE
(62.3% ). As.Cu.,Ni Fl Pb FELELE T 5k & p
(F,), 703 5 H 74. 0%, 54. 8%, 74.2% F153. 4% .
REAIAH SRR (0 T 4 B ak il A L i o ), 3%
HAWF ST X 13 As Cu Ni F1 Pb 55 8 43 )8 1 Z ORI
FHb AR HBEA 1 A SR KA B e ml UL, As |
Cu Ni 1 Pb (1 2E W) Ts PERAK, He 09 2E 0306 1 — i

Y

L

LI T R, 07 €l 1 1 9 0 o — e
FE. X R g L ) P R R A AT
BRI FESE SR F

P4 T ) FH 2SR e aT ) F S A iF 5 IX A
hHEERITR RS TIEBMIT A Cd (88.2% ) >
Hg (64%) > Mn (61.5%) > Pb (46.6% ) > Cu
(45.2% ) >As (36.0% ) >Ni (35.8% ). Mn A9 k&
Fr I (386 mg-kg ™) R AE AR Y TR A o LR
5,2 Mn TR G TEEEREY . R4 Cd
1 Heg R FH 285 F0 s 6 mT R R 28 L0 491 e =, L ER
F A3 Cd M Hg /98 B B BAK (430008 0. 12 1
0.13 mg-kg_l) , 13 Cd 1 He 2B 2 RAIEY 975
YA, AL, 2EXT IR T5 YA i, R
B S A R N R, A8 1 AR TR R IROR
A Z AR,
2.1.3 RIEYHESE W& 8 K5 YT

WFFE X AAE S (22 32 ARG K ) Hn & F 3B 43
AERERMEA4TL. BRI ESRESREES
T E AR &, M MK Mn il Cu
GRpERTHMS HFELEICR, XEHT Mo
I Cu JEAEY A K A5 o0 R ™, 5 i ik K Y
Mn FZLAY T LS EX — 2w E. %
TEMLAEFRME(GB 2762-2017 ) R4 H A K
FIBESE H Cu Mn F1 Ni 55 3 FPoC R 19 BR =45,
AT FALT R AE Y As Hg Pb I Cd JCEK 75
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Table 3 Metal concentrations in the sequential extraction fractions of soil samples (n =68, dry weight)
oy KIED (F)) BT (Fy) WRERLE (Fy) JEHMRA A (F,)
Git/mg-kg™! MU %  HE/mgkg™! RSB/ %  HE/mg-kgT! TESEU/%  Gi/mg-kg! RV %
As 0.03 +0. 01 0.35 0.01 +0.00 0.12 0. 06 +0. 02 0.70 1.31 £1.31 15.2
Cu 0. 06 +0. 04 0.35 0.22 £0.23 1.17 0.81£5.36 4.42 3.32£7.28 18.0
Hg 0.00082+0.00012  0.65  0.00058£0.00018  0.46  0.00068 £0000.07  0.54  0.00563 £0.00369  4.49
Mn 5.94+5.42 1.71 128 +55.3 36.8 36.0 £36. 6 10. 4 10.2 +11.1 2.93
Ni 0.03 +0.04 0.21 0.55 +0.34 3.80 0.54 +0.36 3.76 0.45 +0.30 3.13
Pb 0.01 £0. 01 0.02 1.04+1.87 3.05 3.53£2.79 10.2 2.47 +£1.30 7.13
cd 0.002 +0. 001 1.47 0. 044 +0. 027 32.5 0.031 +0.018 22.9 0.018 +0. 008 13.4
R BRI EE(TS) SRAAPUREE G (F) FRIEA(F,)
R HH/mg-kg! 4 % & /mg-kg ™! i 538U % FHE/mg-kg ! Ft 534U %
As 0.77 £0.54 8.93 0. 06 £0. 05 0.70 6.38 £4.33 74.0
Cu 3.08 £6.08 16.7 0.84 +0.83 4.56 10.1+5.23 54.8
Hg 0.001 32 +0. 001 45 1.05 0.0712%0.053 1 56.8 0.0452 +0.051 2 36.0
Mn 26.9 £24.2 7.74 6.54 £5.38 1.88 134 £82.8 38.5
Ni 1.16 +0.71 8.07 0.54 +0.31 3.76 11.1+8.11 74.2
Pb 8.48 £4.02 24.5 0.59 +0.32 1.7 18.5+7.78 53,4
cd 0.018 0. 009 13.2 0. 008 +0. 002 6.00 0.016 £0. 006 =y
1) Fr iR R M = SD | =/ T
|- j i ,.u"‘.l e |
®4 RUEMHELEAR (BEF)/mgkg )0 1 W iy 4
Table 4 Hea¥y metal confents in vegetables and rice (fresh weight ) /mg- kg T "'r ] F
Fh R SEME O ROk BARTHA JURTFYE il 'éﬂ%ii?ﬁ?ﬁ HBRIELLEL/ 9% | Pl
- As/ .01 0.19 F0.04 £ F 70.03 0.05 0+ =05 “ 0 0709
# # - ¥ i - 5
e | Jo.29 128 | YO/ 0.50 0.18 AT VR S Ve
” e | /0.00040 0.00183 70.0009% * %0090  0.00027 0. 0 0 05,09
wzzel M [ osa 2717 | /5003 3,41 5.97 -"J e / 7
(a=35), AN 0.06 0.27 | |/ 012 0.12 0.04 / / i
2 /| i 0. 09 0.43 | 10.20 018 0.08" 0.3 14.3 0.65
| ‘cq},. 0./004 0.04 : 0. 0244 _---"'__(1.,9{ 0.01 0.2 0 0.09
=~ Pl 0.21 1.06 0.48 =70.45 0.15
As 0.05 0.20 0.09 0. 08 0. 04 0.2 0 0. 45
Cu 1.71 3.60 2.53 2.49 0.50 / / /
Hg 0.00131 0.01833  0.003 32 0.002 53 0. 003 38 0.02 0 0.17
ik Mn 5.59 24.35 10. 04 9.63 3.36 / / /
(n=31) Ni 0.08 0.77 0.26 0. 20 0.21 / / /
Ph 0.03 26. 09 2.05 0.52 4.67 0.2 64.5 10.25
Cd 0. 041 1.17 0.18 0. 14 0.20 0.2 29.0 0.91
Py 0.28 95.4 7. 66 2.63 7.99 / / /

JURGLHEAT I, 5 &% 2 E bR ifE GB 2762-
20178 A b, i A2 SR P bR G R EEON Ph, BARR
14 3%, B = F 3 Ph AR, A Sk
As Hg Pb #l Cd HYFR I V5 G 48 B AR /N T 1,
SR E SRS RS G, NP 55
TS YARBEIME R 0. 48, B UL, BF 5% IX I 22 35 5%
A4, R EARICE E2N Pb Al Cd, bR %
3N 64. 5% F1 29%, 7R . 35 w5 T L P IR OT R
HEAR . FRh Ph 738 B K V5 e 48 204 ME
4 10. 25, HAth JUFP B 42 J& o0 R 19 B 115 e g 5k
BIEAES /N T 1, REK N 2 25 5 05 e 46 B 1
7. 66, FEKIG Yt B T A 3, 28— E R E 5
U, FEGYLITEIE Ph(PI=10.25).

DR — Al kT, Tl A AR R AR, 2R
R A TR WL B T Al =5 B kAR, S5 S
ARSI, LT Ph E LI A
TE  RIRT 1A RS 1 FARNAE R A5 71T
¥ R BIARAEY) b, ST XAEK P {5 YL AR B2 B
8 T4 Ph, — Ty TS T 5 SRR B B
HEFR Ph AUBREARRS SRR , O3 — 7 IR SR 1 B9 IX
IE 39 Pb RIEXTFEK Ph By E A B A9 Bk, L
T RS Pb XTREDK Pb A% AT REPEIR K.
(IISEZS SN DUHECE SRl VP23 P/ o MR/
JHE G PR RS R A AR Ph {5 QAT R E R K
Ph i — EL THAMME R, 2 S H A ARk TAE
A SR A IS5 R RFOK Ph 15 QAR B By
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O 1999 AETT M T AN [ X 38 A R S ER 450 1
AR BERFEA A & 1 LA 100% B4R , 5
PRATECH 6. 38 £, 3R L AR K 3277 X P B 1Y) 7 A
AR 8 R 7 R T A R R 2 4
AT IR A B, BTk Y 82 1 KK EE S % Ph SF-

TR 0.288 mg-kg ', B B T IO A ERDKER Y
IARBRIE.  SRAEYAE X R A R A T YR e i) 1A
VP &I 23. 3% BUFE AT S T E R bR
HEFP A S A BR M (0.2 mg-kg ™')™, Ty
SOV VU BR R R A X KRR AT S o I 4 A A R
R MR HAL R 4 J8 T K, KA KL Ph AR
R, ik 23.5%.

WFF DX A 3805 Y PPN 25 SR 5 VE TS YL PPN 245
IFRSEe—5, 1l f m?i%tﬁﬁﬁﬁﬁﬁﬁ’%ﬁﬁ’i
A e A, R A R SR S EY A B
/\E;T/Ejﬁﬂi*ﬁi PR &L, 3% & '? Zhang AT S

AR R L v o ) KU, S
‘Mﬂ%*‘ X X 15 A X, T e 1k 5 R 1B
(1075 2 R DXORE o o 0, i A (S A S o 49275 e XU
EERRIE(GB 1561842018 ) £ JRAR [1 11 1’15%/%
%Bﬁm ﬁﬁﬁﬁﬁﬁfﬂﬁ% = ﬁﬁ@%’%%
T?Fﬂﬁil rﬁﬂzv‘ﬁ%iﬂﬂaéﬂaéﬁrm
2.1.4 | EEJRIE LRI RS Eﬂﬂﬁ:ﬂz }ﬁ

gEs o ZM’E%%%@E’J&%%%WTF)I@@E

/‘E"fiiﬁ% :fgﬁa%%%mﬁmaﬁmm R

A B AN - v 5 4 e o jju&L“iE’ﬂ:
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PyCE A2 A3 RIS X R K R -3
F3%d As, Cu, Hg, Mn, Ni, Pb Ml Cd 3% 7 Fp 4>
JBICHR WITRE R A (TF) #4775, iH a5 R an &l
2 FitR. I 22 S0 4 T 1 WSC i AR 5 B U R < Cd
>Cu>Mn >Ni = Hg>Pb > As, FH T8 R 50071
$90.158 £0.078 . 0.042 £0.019, 0.014 +0.016,
0.011 +0.005, 0.011 +0.008, 0.008 + 0.003 #
0. 005 +0. 004 , FFAK % 1 58 v H 4 J& 1 W S0 4
FENF K : Cd > Cu > As > Pb > Hg > Mn > Ni, 41T
AR W N 1.863 + 1.170, 0.182 + 0.053 .,
0.010 + 0.003, 0.065 + 0.070, 0.038 + 0.032,
0.029 +0.009 #10.019 0. 010. A .7 FfE 48T
T REOERK R T &R, AR A S S
%E/ﬁ}%fc% EARSCRE KT YR FE R T 22 3 1)

WAHFF. Cd Fl Cu AL Wih 22 el s 46, Cd |
Cu ?F‘H As T2 5 BAE K WIS s 46 R TR oK A 22
5, Cd TR R B B X2l T Cd fE R 3
BUVE AT R R F e o) T ER & E 2R 1E

P, HR A Cu, X AT REVR T7E —E B0 F, Cd
M Cu HABMEMEHAY . 3K+ Hg Pb (1
TR R BT RAL, 3X vl e SAEY h He F1 Pb [k
A, A TR, K Hg F Ph 246 ) 1
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j ] o g ____l__..r"' .
ot ol . HQ Risk )
s T O s HI = Risk ()
K As Cu Hg Ni Pb Cd As Pb Cd
B/MHE  0.416 0.114 0.012 0.010 0.020 0.110 0.970 1.87E-04 4.17E -07 6.80E -07 1.88E -04
WA ROKMH 1.759  0.240  0.163  0.103 17.404 3.117 21.186 7.92E -04 1.18E -05 5.92E -04 1.40FE -03
[ 2P/S FHIE 0.801 0.169 0.030 0.035 1.368 0.486 2.888 3.61E-04 1.85E-06 4.65E -05 4.09E -04
(n=31) B/ME 0.323 0.088  0.009 0.008 0.016 0.085 0.752 1.45E-04 3.23E-07 5.27E-07 1.46E -04
JLE  HRORMH 1.363  0.186  0.126  0.080 13.488 2.415 16.419 6.14E -04 9.18E -06 4.59E —-04 1.08E -03
SEXIfE 0.621  0.131  0.023  0.027 1.060 0.376 2.238 2.80E -04 1.43E-06 3.60E -05 3.17E -04
Risk
e : HI - Risk ( 4)
As Cu Hg Ni Pb Cd As Pb Cd
F/MHE 0.045  0.010 0.002 0.005 0.031 0.006 0.127 2.05E-05 2.40E -08 1.05E -06 2.15E -05
W ROKME 0.932 0.047  0.009 0.020 0.155 0.059 1.169 4.19E -04 2.22F -07 5.28E -06 4.25F - 04
s SEXSfE 0.212 0 0.019  0.005 0.009 0.071 0.026 0.342 9.55E-05 9.98E —08 2.42E -06 9. 80E —05
(n=35) B/MHE  0.035 0.008 0.002 0.004 0.024 0.005 0.099 1.59E-05 1.86E -08 8.15E -07 1.67E —05
JLE KM 0.722  0.036 0.007 0.015 0.120 0.045 0.906 3.25E-04 1.72E -07 4.09E -06 3.29E —04
SEYSfE 0164 0.015  0.004 0.007 0.055 0.020 0.265 7.40E -05 7.73E -08 1.87E -06 7.60E -05
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W BBV G F IR EIIENT 1 x 107 7T W
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