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Accumulation and Health Risk of Heavy Metals in Cereals Vegetables and Fa‘ults of

Intensive Plantations in Hainan Provmce A"
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Abstra t: The accumulation of some harmful elements in plants fropf intelive plOdllLthIl systems pose a serious threat to human health. In this study, seven heavy metals
(Cay Pb, Zn Cr} Cdy As; and Hg)and their distribution characteq,stlc% in-the cigps, vegetables, and fruits were analyzed alongmde single factor evaluation and Nemero
index gnalysis:* “Conibined with dietary recommended constimption data frometlie Cﬁ-ne%e Nutrition Society, the dietary exposure of heavy metals were further analyzed, and a
consequent safety risk assessment was conducted. A total of 673 crop, vegetable, and fruit samples were collected from typical intensive production systems in Hainan
Province.+The results showed that the content of Cu, As, and Hg in the 673 plant samples was below the value of the national food standard. The exceed rates of Ph, Zn, Cr,
and Cd were 2. 67%, 3.71%, 2.53%, and 3. 71%, respectively. The heavy metal comprehensive pollution degree of six species of plants showed the trend of leafy vegetables
> tuber crops > non-leafy vegetables > legume crops > fruits > cereals. In particular, Cr in leafy vegetables showed significantly higher hazard quotients( HQ) than that in other
types, and exceeded 1, suggesting a high potential health risk via the ingestion of heavy metals through leafy vegetables. The relatively lower hazard index(HI)) values of tuber
crops, non-leafy vegetables, legume crops, fruits, and cereals suggest that these types of plants are more suitable for intensive production systems.

Key words: heavy metals; crops, vegetables, and fruits; plantations; health risks; Hainan
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Fig. 1 Location of the sampling sites
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Table 1  Detection limits, relative error( RE) , and relative standard
deviation( RSD) for heavy metal elements
P @MEI WEHE(RE) RS2 (RSD)
/mg-kg”~ /% /%

Cd 0. 003 4.26 3.56
Hg 0. 001 6.33 4. 68
As 0.01 4.88 5.21
Pb 0.02 5.94 7.22
Cr 0. 05 8.67 4. 14
Cu 0. 05 2.47 6.15
Zn 0.5 6. 14 5.44

%2 AN, BROKRFESETEREDERE )
Table 2 Food sanitation standard limit of heavy metal‘f

elements in corps, vegetables, and fruits
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Table 3 Parameter values for the calculation of healthy risk
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Fig. 2 Heavy metals in the edible parts of different crops, vegetables, and fruits, and the corresponding Nemero index
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AT AN 2 TR B3R A% , S F 2 K A
BRU M B b e R DR R 4R S
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2.2 B H R A T R it

Sy S UL BRI 52 X A M o 4 I Ay it ik
BUZ AN TR Bk =0 | K = A R U 132 42
B R M IORT L, 25 5 W36 4. 7T LU BT3¢
DA AP 7 R 4 8 A 08 T Bk = M DX K
=M. T Ph, Cd T Cr 52k = Ay b X 25 1
M. ZROTEESE R Cu, Pb Ml Zn & 8 5 W 50 A Lk
SRR | 1L R S e L) K S U £ 0L
P E 45 AT, T Cr, Cd, As Fl Hg & 8 A0 X}
BAIE. ARG Cu, Zn R Hg 5 HEHLIX 45
M5 Ph T As bt TR 5OA HLEE SR Al L4
TR = A DX L DR S A €
T T T SO WL SR Bl 1 PG K S A 2
i (RT3 Rt . K Sy As T Zn M 1 T3
A F i T S AT
LIS D Y o, D BT e 5 ik e e

R I AT B A N T

Rk, €y &

-

rad i R4BARENELRERSHTHRARER R (FE) )7

i =~ Table 4 Comparison oflc‘(.)ntbnts of heavy metals in crops from diffgrer;t studies ( flresh weight ) F

g - v I p p/mgskg ! - p/ g kg ! .

*ilo ‘;E " i Loca Ph Zn Cr Cd™  As Hg ik

] =T = 7 2 — 0.56 170 26 2.7 [35]

wHl RS 4.82~7.03 T <0.2  22.09 ~44.76 — 45~60  — <20 [36]
f 6 SR 2 AR A P 0. 844 0.022 8. 892 0.110 6.565 16.964 0.650  AMF5E

gk TR = X — 0.13 — 0.36 66 1.2 28 [35]
105 G2 2 AL AN A ] 6.077 0. 140 24.916 0.414 63.630 49.641 1.249 A5

o R =i IX — 0. 083 — 0.21 82 28 0.8 [35]
3 A Y LRI ] 2.221 0.217 4.907 0. 145 24. 114 42.332  1.063  AHIS

P A AL S A el 0.55 0.038 4.05 — 21.2 9.6 2.2 (6]

S PN e e S 0.5 0.26 1.84 6.1 30 130 — [37]

TV 2 Yl 3 AT [l 0.527 0.022 3.651 — 13 16 2 [38]
3 R Y AL R ] 0.586 0. 020 3.211 1.319 9.345 13.304 0.884  AHI

F B A B SR A el 1.01 0. 006 2.88 — 15.6 2.3 0.5 [6]

Bk = ffi X — 0.16 — 0.27 85 28 0.9 [35]

B30 it & SITEDNG e TS 0. 66 0.26 1.84 2.83 20 70 — [37]

o) IEAES] 2.254 ~9.718 0.006 ~0.057 0.074~4.75 0.296~1.110 8~56 4~18 — [39]
T A 2 AL Rl A ] 1. 692 0.023 4.484 0. 131 41.476 18.690 0.340  ABIG

Bk = ffi X — 0.17 — 0. 46 60 11 0.8 [35]

KR oy IEAES] 0.946 ~11.78 0.003 ~0. 642 0.235 ~1.194 0.317 ~0.893 <37 <13 — [39]
3 AR 2 AL Rl ] 0.922 0.034 2.166 0. 068 3.385 14.533  0.383  AHFSE

1) “—" TR TR

2.3 39 FhRVEY 4 Ja bR i

SHERMEYE SRR (R 2) , BEELN L
Fif el v 673 (RARVEMEFRIEHLILER 5. AT LA
JIrAE S Cu., As Fll Hg YA R, Pb | Zn, Cr A1 Cd
WE A BAR A EAS3, 530H 2.67%, 3.71%,

2.53% F13.71% . Hoh Zn #BER RE 5 438 R K 5
KW, TSR Zn WREMNR S
mg-kg ' AR T ERARAEY) , X —FRELE 2011
AEE R IE. B ARG R B R MR 5,
R KRB REAE N B G AN T . A K
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WK BRI RAELE Ph MR, X AT S Rk B+
HERY Ph i D Bl XA O U O RS Cd WO
B BAEER S AR SR B0 2 (BRI, k%) FIOK R (%
) R AE Cd FJE 4 JE 5 A I e A0 47 i g
(g FEZ Tl D R 7R SRR MR AR B i
o B R LTS Y B

Cr AR 3 BAE R AR LRI 55 5226, Fan 277038
T AFFE MR FPAE () 2R 0 8% 28 & 30, FLRh Al e HL A
BARAY Cr WeBE I BT PSR 210 Cr & X8 i [
Fhpife NSO SE Cr AR 5 H A 5 BA R
[R5 S Cr IIRE T A DG, IEAT , A YR S i S R i 42

e LR PE R AR B 3 o B0 ]
e T BROR IR 2 —. A A Tkt g e
Cr BFRIHGER L | ek = M IX S 538 Cr MR
RN 17% 5 P IHIEE SRR I b 2 i 55 o
CrVP¥&EiA5 6.1 mg-kg™ [57] , T HE R v PR S
0.5 mg-kg ™5 [T 116 7417 B 5% S AL i R 2%
BRSSO & i, 8RR Cr AR Rk
91.67% " A UL, LRIV S Cr B AR Rt , B
T EBOK | AAE RN 25 SR Cr JTUER I AE
R PRI R DG 1T 7 ek o 8 0 1) 2 4 i 75
IR AE 1 E | BEARAA Y G s .

R5 KRIEMERESEBRGIT

Table 5 Heavy metal proportions in crop samples exceeding the acceptable limits

AW 2 Bk B B Cu Pb Zn

Cr Cd As Hg

A (n=14) — 5(35.7) —
A (n=4) — 4(100) —
AR (n=1) — — _—
ﬁ%(n:‘t) — — ] | —
/A (n=5) — — # —
N (n=2) — — _
BHH(n=2) — S
BRML(n =23) . AN — - ‘ ,.r".,,?'":’
MEn=19) 7 & — Aol —
%f[j\(,n:iZ) i~ — o & f/ i g
BERG=13) /T — o Y.
KIEFe(n'=49) - — '
FIE(n =130) — 160.8) /
TR (n233)) — ' 3901)
el (n =17 4" v - 4(23.5) 1S
R (n=10) — 1(10) -
n=673 I — 18(2.67)

1(0.8)

'11,;:’8‘4. 6)
J11(22.4)

1(3:0).

25(3.71)

1(7.1) — — ~
1(100) | — — " A |
4(100) = — S =
a8 [ 4 —1 — gy -
2(100) | - . — '
2(100) [ ¢ LS — —

— (s @ VA —
15.3) %/ 11’(57‘9} & L
209.1) ¥ — e =

17(2.53) 25(3.71) — —

1) “—" FoRARSEIRBTCA AR , 45 5 SMEE A AR B, 455 R R % (% )
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Xt 39 B 7 R E &R AT R R TR B
(F6) MNME LG40 2) PP, SR 15 4
RSB R, Cu, As Fil Hg o0 R ¥ 78 2 21
L1LOLT; BFREPN Zn 5SHMHP M Cd 2T
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oo B3R SR ANESERUNAE R Cr AR 2
) Ph R BEIS Y. AT YA A R Bon ek |
A AR T BN BERRA T3 5 4
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FRAE v [ R B 4R R (2016) HEFE 1Y 45 284k
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(FE3). BRERMFERSE Cr 19 EDL ) RID {H4F, H
AIOCRWIE/NT RID {H, 48 H AR R /ME IR
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RS B KRB R, S ERSE Cr JGE HQ
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B G B A SR 85 0 4 8 Cr B ER il
FEA AR SUE AR AL E R RIEY AR & A 4R S
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Table 6 Single factor evaluation of heavy metals in crops
] AAEW £ B5 A FEEL P,
KKk Cu Pb Zn Cr Cd As Hg
P KHE(n=16) 0. 067 0.070 0. 131 0. 108 0. 038 0. 044 0. 043
- FK(n=8) 0.123 0. 190 0.278 0.129 0. 051 0.013 0.019
F(n=6) 0. 040 0. 065 0. 054 0. 476 0.010 0.010 0. 027
[FES £ (n=2) 0.328 0.170 0.225 0.398 0. 046 0. 007 0.038
W (n=15) 0. 796 0.319 0.392 0. 860 0. 141 0.249
HiJK (n=23) 0.270 0.123 0.342 0.354 0. 149 0. 164
ok K (n=5) 0. 089 0.070 0.114 0. 260 0. 006 0. 066
h#5(n=16) 0. 190 0.075 0.284 0. 099 0. 023 0. 047
LB =3) 0. 209 0. 054 0. 090 0. 023 0. 003 0. 000
iRt (n=6) 0. 097 0. 090 0.676 0.011 0.018 0. 062
e (n=2) 0. 062 0. 142 6.116 0. 025 0. 025 0.078
S ek B (n=5) 0.070 0.233 3.024 0. 059 0.034 0.035
/NAZE(n=6) 0. 027 0.111 3.090 0. 039 0.026 0. 191
INAL(n=3) 0. 040 0.319 4.104 0. 140 0. 038 0.068
ZHH(n=3) 0.037 0.167 2.442 0.046 0.025 .~ 0031
UK (n=17) 0. 037 0. 048 0.086 | 0./055 0.012 “0/008
HN(n=4) 0. 166 0.398 0.104 | =t 0,233 0.117 o 023
IR (n=12) 0. 045 0. 108 0.148/ . 0. “035.| 0. 033 . 9;01‘6'
JeapnpgEseg R(n=24) 0.381 . 0.373 0.430 1 1ot 0. 054 o (1)2.,4:'.‘ 7
T (n=42) 0.112 | 0. 102 0. 094 J0.414 0.023 0703117
= I = 20) 0.166 | . =0. 368 0. 400" T 20000 ¥ o 0.053 0033
S e =23 0.155 |/ Ao 0.208 0.394/ o 30 & 0.037 0.020 "~
- MG =3) 0.099 10, . 0.295 0. 164 0.033 0.035 0011
| THER(n=14) 0. 139" ’ iy 1. 090 0,086 0.165 0.012 “%0.059 o
JIeH(n=50)  0.070, / fo. 0.728 0,076 0.037 0.036 0.035
s |/ HEMET) 0.035, 0. 0.162 0. 094 © 0040 0. 008 0. 006
p P BEG =13 0.092 . 0l200 |~ * 0i453 0. 142 0. 028 0. 024 0. 082
%Ei%(n:m 0.176 " o 3?2 - ~"’£12 0.210 0. 448 0.076 0.028
TS (n=3) 0. 098 0. 120 0. 563 0. 100 0. 143 0. 006 0. 029
W (n=11) 0. 057 0.270 0. 305 0.192 0. 068 0. 036 0. 026
KLk #i(n=34) 0.122 0. 140 0.325 0. 100 0. 054 0.011 0.015
JEMR (n=18) 0.278 0.730 0. 549 0. 120 0. 127 0. 060 0.038
G (n=11) 0. 067 0.50 0.277 0.142 0. 009 0.014 0. 020
R (n=11) 0. 079 0. 560 0.242 0.236 0.015 0. 043 0. 025
A (n =88) 0. 035 0. 120 0.218 0.136 0.011 0. 021 0.024
i (n=7) 0. 038 0.270 0. 260 0.084 0.014 0. 062 0. 022
A1 (n=14) 0. 143 0. 200 0.534 0.128 0. 037 0. 030 0.013
B (n=4) 0.294 0. 490 0.701 0. 146 0. 369 0. 009 0. 068
PiJR(n=21) 0. 029 0. 160 0.290 0. 162 0.104 0.028 0.015
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