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ABSTRACT: Objective To evaluate the situation of pesticide residues and heavy metal contamination in
Eleocharis tuberosa from 2019 to 2020 in six provinces of Southern China, and conduct dietary exposure risk
assessment. Methods A total of 162 batches of Eleocharis tuberosa samples were randomly collected from primary
producing regions of six provinces Southern China in 2019—2020 to determine the content of 7 kinds of heavy
metals and 38 kinds of pesticide residues. The safety status of pesticide residues and heavy metals detected in the

samples was evaluated by the index of food safety (IFS) method. Results The total qualified rate of pesticide
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residues and heavy metal contamination in Eleocharis tuberosa was 96.9%. Among 38 kinds of pesticides, only

chlormequat was detected in the samples, the detection rate of chlormequat was 11.7%, the overstandard rate was

3.1%. Heavy metal contamination in Eleocharis tuberosa was generally in good condition, the qualified rate was

100%, the most detected heavy metals were Cu and As, which had 100% detection rates, the detection rates of Cd, Cr,
Pb, Hg and Ni were 58.6%, 45.1%, 17.9%, 12.3% and 3.1%, respectively. Meanwhile, the residual values of 7 kinds

of heavy metal were at a low level. The index of food safety evaluation results showed that IFS and IFS were all

less than 1, indicating that dietary exposure risk was at an acceptable level. Conclusion In general, the risk of

pesticide residues and heavy metals in six provinces of Southern China in this study are within an acceptable range,

indicating the quality and safety of Eleocharis tuberosa are relatively good.

KEY WORDS: aquatic vegetables; Eleocharis tuberosa; pesticide residues; heavy metal; pollution characteristic;

dietary exposure risk assessment

0 51 &
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FVLVE SR 54, Hod, TR E 2 E — K
X, FZEPIEHEMNT, 295 2EMARN 30%. Ak,
LRI RZEFE . WACFREETE | S5 ) 2258 A X 22 56 A
EEW ARG WAL R T, TEZESERFD
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AEWIL . WAL VLR IR TR R e M. TE
B EEZE R A 162 MR AgRES,, o, T
P§ 52 A4~ WIdE 40 4~ WYL 20 N R 20 A4S, VIR 1S
AL IR 15 Ao FERAETRAL T R, A RAE SR IR
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52, RRAIH, B T-18 CCUkA 1R,

38 FhARZIAFIEM[1000 pg/mL, Rk 4Rk ERFRES &
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*H: & (chlormequat, CCC),

EAE: WIS, Dok R S e
BB BRL M. ORAIERILTE 7 RS TR A .
132 RHAGME

PEHC PRIBURRR 4 h HIRSIMIZESFREN 10.0 g, 1 10 mL
I B — B ¥R T, 2500 r/min R S min, 1A
4 g TOAKBRIREE . 1 g FALEN. 1 g iPBEIREN KRG . 05 ¢
PR A 40, IZUHRY; S min, 4200 r/min &0 5 min, #F
A

Heib: BRI 6 mL FIETREREA 900 mg HRAREEFI
150 mg PSA 1 15 mL E5.045H, IR 2 min, 4200 r/min
B0 5 min, W 2 mL L3S 0.22 um fFLIERR, 1 mL
TS 3% - 5B B BT % 7 (gas  chromatography-tandem
mass spectrometry, GC-MS/MS)ll%E, 1 mL AT A G 15-
I T (liquid chromatography-tandem mass spectrometry,
LC-MS/MS)llE .
133 ZE£BSTMNE

FREUVR 4 h FLIRSTIZEFEREL 0.5 ¢ TIHARRE, Jm
A5 mLAHER, fInas i B R G B TRus A b e, %
HUFBUE, ZERHMR 100 °Chn# 30 min, FI/KERE
50 mL fFIAE o R H B A 55 3 ISR (inductively
coupled plasma mass spectrometry, ICP-MS)JM Z 4% | #% . & .
B BRI, RO THAI E TR

TE FIRHTAL IR AR 25T, 38 B2 7 R e 42
TR R PR . AR | R N A R S
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IFS=(EDIcxf)/(SIcxmy) (1)
EDI=RxFxExP 2)
IFS=>" TFS¢, /n 3)

A f: EDIc MALZEWR C MSChr H A B A,
mg/(kg-d); Sle A%, MR 2P A
[F P EE, AR 245 5% B2k 4 H AR 48 A (acceptable daily
intake, ADI), T4 JE%%k MR % & & 5 A (provisional
tolerable weekly intake, PTWI), #7HX 0.025 mg/kg. #BH
0.007 mg/kg!"” . #HL 0.0233 mg/kg. 5L 0.035 mg/kg. 4
Bt 3.5 mg/kg. RHL 0.004 mg/kg ., HEL 0.015 mg/kg!"™; f Ny
YR AREMRIERF, R SIcoRA ADI {HE HEA R
B, fBC1, WA PTWIE S A BRI, f 1 7; m,
NS Fi, ke, HEASET R 63 kg, R
FARTE R LRI R C BB EOKE, mg/kg; FORAR TS ALY
itk H AR, kg/d, Z R T A 4121 (World Health
Organization, WHO)ZE 15545 b [ & R 4 A 55 K 35l 19 TH
PRI, N 34.92 g% B AR AR IR AR AR
E=1; P A7 S AN T AL FEE 7, P=1; TFSq #5477 i Hh
YT C B RE2TE n IR B A2,

M IS B IFS < 1 i), REABMOREZ sk fb2=Y5i C
XA e A R 2 [ps B IFS = 1 B, MR
BAEZ A=Y T C XA ™ a4 5 i ) XU 7T 4232 5
Mps B IFS>1 B, RUPEOREA T EZ 8= C
Xof AR 7 i L A T P XGRS R 3l T R A2 A BRE
1.3.6 #EL e

K1 Excel 2010 24X B #k 47 Ak SR AN [ e 22

2 HER55H
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Ay, ORI, AURRAERLRIA 24 A R SIS, it
IR ANy A 2y e A B R B TR Sk 15
FAR T SR R PRI S B N e
A PARERE | FEELERAE | it 5 B4R A RE
e ORI SR R B, 2 AR 25k B I DU,
BARGHERIKE] 96.9%, 38 Fl Ay e 2 H AU Hh et 22,
HA 37 R 25 RAG . 2019—2020 4E&48 13 KRB 328
FEHRI R IR BB L 1, % 2019 5 2020 45RH:
R B LI PR B R 11.7%, Bk
HH 3.1%, HBAE R A OB R R B ARRRE . WFE
SRR EE, B8 XK R AR R E R K. BE P
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TEH B b e A DU AR 25 1 S BB A i 5 L2 A i
HEAT OB G B, AT R T IFS HokIFM 2255 h Rk 2
B B XTI B R AR S M e R, PPN 22551
AR . AWM 38 A ZirhA 37 FhAs i, Kt
AT IFS, &8 ke e R IFS W3k 2. & 2 n] LU
FE i, N O R AR T R R AR B IFS (ETE
0~0.0284, [FsH 0.0062, Hyit<l, XEKHIF 7784 £ X
A B 7 RS BRI R X R B R, 2ESE
TR 2 5k B RS e 4

R1 BE1 20192020 FEFHBERERBERAR
Table 1 Table of the residues of CCC in Eleocharis tuberosa in each province from 2019 to 2020
B Ay B S A R %% S R AT S B AR/ %
) 2019 5 ND ND ND ND
L
2020 15 ND ND ND ND
\ 2019 15 3 20.0 ND ND
:ikld
2020 25 4 16.0 ND ND
\ 2019 5 1 20.0 ND ND
Wi
2020 10 2 20.0 ND ND
" 2019 9 1 11.1 ND ND
WL
2020 11 2 18.2 ND ND
) 2019 5 ND ND ND ND
L5
2020 10 ND ND ND ND
2019 20 2 10.0 2 10.0
i
2020 32 4 125 3 9.4
2019 59 7 119 2 3.4
At 2020 103 12 11.7 3 2.9
2019—2020 162 19 11.7 5 3.1
TE: NDAGERARMK, FIF.
F2 BEM 20192020 FEFHELRKBEL LY
Table 2 Safety indexes of CCC residues Eleocharis tuberosa in each province from 2019 to 2020
B Ko R AN 5% B 7K F-/(mg/kg) EDI/[mg/(kg-d)] IFS IFS
i 6 0.086~2.560 0.0894 0.0010~0.0284
WL 3 0.090~0.110 0.0038 0.0031~0.0038
WL 7 0.015~0.044 0.0015 0.0005~0.0015
0.0062
W rE 3 0.019~0.022 0.0008 0.0007~0.0008
B ND ND 0 0
T ND ND 0 0




514 o FE, 4 2019—2020 FFRE R 7S AL R A E 4R 15 AR TR A 5 R o KU A 291
22 EERELRIIRSHFERSMITMN VR, BRI A R BRI DTS, N okiEE

EF b A BIK

AN TR) 2 1 g 28 e T 4 U 1 W e SRR R RS TR, UF
FERIR, £ FEE S MR 4R i OCRE 1 RN
3SR LIS IR A>T KRB 48 FEhE i R
HEANBESARN, B 38 2 A5 R B 4 4 i 31 oA
TR, ZESEE O U R ERZE S TSI T B, &
SIEVBY B AL . 2F T ELS B R IE 3, &3
AL MNE RS E S B AL, G FA
F| 100%., HAFIREIAL H R 100%, HAE SRk H %
MR BV IMRIKCy: SR> >4k >0, i W2 b 4 Jm &
AT, X 58 AR T el 45 POV R ok T
R EEA—3 . MRy, SEEENERE P L FE
K, . 4. RN 1 5% B Hh (B Ry d5 KBk A P 1Y)
oy 2z —, BRI R R 8RB B Y LA 2 —,
BT8R B T O SR R R R I =
P EEEIT YRR ZRE, T BARORIEF AN

2.2.1

FLAETSHE L LR, RZY L RKR. EHIESEA RN SR
KEPN, AR ES RS LE 4. R 4T
HI, A GRS TE SR G L REOR, 3
SHE S BASRMZ 200 ST WL #T
LRI o RIS, SREVK TR, BRI 7Y,
AR R | VLRI =, XA RE S A IR
SEZE SRR LG R R AN RA K.

B MEEF U IR P G R AT DL L 1.
HIPE 1 AT, 2548 o ™ A 22 5% T 4% Pl 4 s A A Hh R 32
ZESERR . RIVER B R RO R, B 5k B e
AR B BRI, (AR, 2255
B 2o A B P R P AR ™ A )Y, R R R R
B R TR LA HBTE VT, R o e R B B R P (1
(477 HL 23 B AE VLR A P o SET b, X T i I A5 kR b
A I e AR B B R SLELAY TP AR A, N 5
By BRI BB S KU AL

®3 KEGHREFHESBRHBAE

Table 3 Sample list with the detectable situation of heavy metal contamination in Eleocharis tuberosa

"R it /% 5% B /K (mg/kg) i /(mg/kg) T KB B BR 4t/ (mg/kg) BRI AR/ %
i 100 0.1355~2.3301 0.6482 6.0 0 0
f 100 0.0049~0.1594 0.0622 0.5 0 0
i 58.6 0.0020~0.0277 0.0045 0.05 0 0
i 45.1 0.0511~0.4183 0.1295 0.5 0 0
G 17.9 0.0206~0.0578 0.0310 0.1 0 0
K 12.3 0.0010~0.0031 0.0015 0.01 0 0
B 3.1 0.2018~0.2205 0.2112 1.0 0 0

F4 BEBEFHESERRUERE
Table 4 Table of detection of heavy metal in Eleocharis tuberosa in each province
W R /%

(exlin

4l i i i K B i
LR 100 100 40.0 — 100 20.0 —
Wk 100 100 70.0 45.0 — 10.0 —
W r 100 100 100 — — — —
WL 100 100 35.0 10.0 — 45.0 —
HBi 100 100 73.3 26.6 — 26.6 —
| 100 100 50.0 94.2 — 15.4 9.6
A1t 100 100 58.6 45.1 123 17.9 3.1

T —ERARA
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HYSSRANG, 7 FhE 4B M) TFS {H7E 0.0004~0.0100, TrsH
0.0034, ¥yim<l1, XFIFT UL 162 4 2EFFE M b 7 R E
G 5k B XU AR, AR A T2 K-

3 HFig5iTie

PR H 2019—2020 4ER /N8 XA SR LAY 162 4>
HERZESERE S A T A 25 5% FE RN TR 42 J 5 e I L A A, 5 AR
T N X AR SR T AR 2 5k B AR IR T, A s
RIKF] 96.9%, HLHHHTHIEA A 2 A 38 A L M A4 2
HRAURE ot 2R, LAY 37 PR 5 R AG s, R R AR
RN 3.1%. ZEFhEEE G ARELE, A HRIAR T
100%, ZF P EERZINE A RRHE, HR LT HAL
Ko R IFS POk PPN 25 gt R S 7 A E &R &
Sebk, SR E AT PRI R IR 1) [Fs M 0.0062, 7 FIE
AR RS 0.0034, HJSm<1, AV Wa G )5 /N KA
FEREH 7 A AR SE R A 25k B R 7 PR 4 Ak B Y AR
SR, AR T2 42K

2SR T/ N FIEY), 16T E B BICE %Y
MIAREY, 257 S 2 i e il B2 2 B A VRS, Bl
BERRP ABFSEE 1 AR B IR A BN, AEZESE AR AR
H SR AR Z, (HZE 140~200 d (194 K001 2 Rl
KB, R RINLRRZIIARR . Bt Z K
VAR A — 2, S s R R P R R
ARG T SRR AR KR T, AR B I S

TR, [FIA R SR A A IR A AR D,
Hit, BN R HEA 23 LRI, AR AR = S
NFEBEHRTZ o FIBTFEJERE IR Z B, AR IR
Wi 2, (HEESEh ARG TR R AR R, 1 X R R T
BB DRI ol T A Tt R e s o A T A TR,
AW BT S TF SRR i A Ve o Bt 2 T A
FBREARIEDFST, (RIS X o T DR TP R L
HE B A AR, E T R RIS

4 A W A7 E T TR TS 19 8 B R s v, s g
FATRREE . KW R AT 250335 R, AR AESE
PE S TR A R BAR, (ARSI REM . XTI
FHE B RERRBREP AN TERTHE, fEEF5F
(R0 3 R AR SR A AV AR 1) T 4 8 5 e XU, RO
BRI R RURS A 5 o R 4o

AR GEAE il 10 R PR A5 A 7 S, O I 25 R R
RFR AT EE b 1 A P A T R, AN BB ARG R A2 A T
o IFS PSRl B b A iy B A AR L T AR
R T Ak B PR A AR B 5 S 3 Ak e, L
A BHEE B R H B A R R LA B KAk, &G
Yenst NI G E ARFEMEVER, Wik, AL
P HREAE SV b PP AL 225 v gt N 4 JE AR B X A
(18~59 )L A RASHIFE W . N, ARBFRXEESEp 7
P 4 J A 0 U T BRI A, 4% E 4 R VR B B
PR AEAT R it — R .

RS EFPTIHEGRSRERNERSARRLEY

Table 5 Detection results of 7 kinds of heavy metal pollution and food safety indexes in Eleocharis tuberosa

EEIE PTWI/[mg/(kg-w)] % KAH/(mg/kg) EDI/[mg/(kg-d)] IFS 1FS
il 3.5000 2.3301 0.0814 0.0004
fi 0.0150 0.1594 0.0056 0.0060
i 0.0070 0.0277 0.0010 0.0022
L 0.0233 0.4183 0.0146 0.0100 0.0034
R 0.0040 0.0031 0.0001 0.0004
i 0.0250 0.0578 0.0020 0.0013
] 0.0350 0.2205 0.0077 0.0035
% %iﬁk WANG JJ, YANG S, ZHANG X. Analysis on the development situation of
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