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A HBAE MR AR XU . 55k KR B R K T 1Y 88 5 HUZSHE A T 80 °CIY M4l /K I3 40 min, BU E 35
FEATRIUR, SR B G A5 B TR B A A TN o DR s Y Bk RV A 25 B e R e E 4
JB B TE YR AT IR, A PAL 45 H 48 A B (modeling daily intake, EDI), FH#5fG 2% & 5005 (target hazard
quotient, THQ)I H #1250 KUK A1 5 (target carcinogenic risk, TCR)JEAT G fd FE XU 7-A% . 5 R BASHEM P 8
AR SR A0 1,558, 3.344, 3.366. 27.020. 1.774. 0.858. 0.011. 1.385 mg/kg., EE&JRAIIG
QRPN 45 R R, AHEUCR A B N 115 Qe BUE (PO N 25 5 15 Q48 BUE (P /N T 1.0, 15545585
JE . 4. EDIEMINT N Zn>Cu=Ni>As>Cr>Pb>Cd>Hg, HH#ME T HAAN M Rep . THQ {EHFA KK
# 1>As>Cd>Pb>Cu>Ni>Cr>Zn>Hg, K&k, %t Cr. Ni. As. Cd. Hg. Pb [y TCR {Hi#ATiTAL, HikH
TERHEZ ML o 808 SN ARkl iin )™ s AR A 1 i 4 i 1 e A B W 58, X 20 0 110 i £ g e XU A
S RS A

KT HUBRE GG T IRBE T, R EESE, XA

Concentration characteristics and health risk assessment of 8 kinds of heavy
metals in Chishui insect tea

ZHOU Li-Qiang, FU Xian-Jie, LIU Gui-Rong", LIU Wen-Zheng"
(Guizhou Provincial Center for Disease Control and Prevention, Guiyang 550004, China)
ABSTRACT: Objective To investigate the levels of 8 kinds of heavy metals (Cr, Ni, Cu, Zn, As, Cd, Hg, Pb) in

insect tea produced in Chishui City, Guizhou Province, and assess their potential health risks. Methods The 88

insect tea samples from Chishui City were soaked in ultrapure water at 80 °C for 40 min, and the supernatant was
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shaken and filtered, and then determined by inductively coupled plasma mass spectrometry. The pollution degree of

heavy metals was evaluated by using the single-factor pollution index and Nemero’s comprehensive pollution index,

and the estimated daily intake (EDI), target hazard quotient (THQ) and target carcinogenic risk (TCR) were used for

dietary health risk assessment. Results The average content of 8 kinds of heavy metals in the insect tea samples

were 1.558, 3.344, 3.366, 27.020, 1.774, 0.858, 0.011 and 1.385 mg/kg, respectively. The evaluation of the

contamination degree of the heavy metals showed that the P; and the P, value of those samples were less than 1.0, and

the contamination level was clean and safe. The EDI values were ranked in the order of Zn>Cu=Ni>As>Cr>

Pb>Cd>Hg, and all of them were lower than their corresponding Rpp values. THQ values ranked in the order of
1>As>Cd>Pb>Cu>Ni>Cr>Zn>Hg, and the risks were all low. The TCR values for Cr, Ni, As, Cd, Hg and Pb were

evaluated, and their values were all below the acceptable range. Conclusion The samples of insect tea produced in

Chishui City, Guizhou Province, shows a low level of heavy metal contamination, and the dietary health risk and

carcinogenic risk to consumers are low.

KEY WORDS: inductively coupled plasma mass spectrometry; insect tea; heavy metals; health risk assessment
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B RRFORE > R A R A 8555, 2
FERR R B R E A R 2 R PN TR B T A P &
Jei BT A 9 2 A T A A S AR S U, S o A
DA EIERE . BRI . AT . ZE% SRS,
HA A ED R g s Rt B
IR, R EIR . BT AT R R
BT IR

VAR, HUAS DR LR (1 il TR AE 0 24 P £ A T A
TS EANTEE, I 20 t4 90 S~ EITT G,
R HE I BFFE ST W38 22, 0 HR 6T B 2% i 2R 0 1
PR T R3S T 257 T RIS 00, Rl ST Tl A & e,
NS A: T PR BE O 48 37 BUAS W) R JE 11 e A 3R, Hovh
SR YR E I AR — KE . TR
F B PR E VYR X, T R X R 4 R T e n)
g U0 R b, IR R P A R A S A SR
R PEAR, X224k P s B B B SE | o

BN AR KT B A E 2z —, RIS AR
AL, DTSR, THIEE W, Ak &5, = TF koK
VB e T = o B W Y E R 5 1 o N S
K BE R BEFERT G, R FH LR 45 B 1Ok Sk R e
IE BASREA P Cr. Ni. Cu. Zn. As. Cd. Hg. Pb 8
EEER SR, I E AT 5 Y K SRR B XURS: 7
fli o ASHFFE RN S B0 B 8 Rl 4 4 [ E S m i B
EE, DhRAEARFEITEMN I ik T & s br i HE P ol . =
MBS PR A 0L 0 JXUBS: S R, % BN 48 ARk T e
BB MRGEA B NE. 2w a2 S REE N
JEEZH X AT R L) 2R AN S T AR T
BB MEM B

1 MR5ERE

1.1 FE5RF

ICAP-Q HLJEHE 15 25 8 1 1A i {X (€ & Thermo
Fisher Scientific /A #]); Ethos A K IH it & & (KA
Milestone 723 #]); Milli-Q integral ¥4l /K 4b ¥R R G (£ H
Millipore 23 w)); AL204 J5 43 Z— 43 KF-(Fii - METTLER
TOLEDO A Al),

Cr. Ni, Cu., Zn. As. Cd, Hg. Pb. Sc. In, Ge #t
JCRAMEY BT (BT MR B 1000 pg/mL, EZA 648
K AR A G, R L R AR (g A, 2
ARG RA R, AME XTI 022 pm, Fiff
GRESLIG R A A R A D

1.2 HRXE

2 AR AT, SEBGRAKTT 11 FAEMAE, 5
2 P RURT S A S T AT — A Y Ak
AR, WA RENS R 4 T S B AR K T BUAS A P R R
RO EEXTER AR BENLIRAE 8 iy BUSFE ML, HoRAES]
88 1y, FEYE R AR WL S0 g i o B HUASRR A28 AGE
FRBE RN, AT R R . R HJC SRR 3R
Berp, WEEHAE 20 °CLATF, XTI fREFAE 40%~60%
Z I, DR E R P ES RS RN
W, B PRASE o A DU (B SRR D AR S, R R SRS B4 Hr
A e PSR ) DR
1.3 ot

22 N SCBUAE I 4 2 o 4 IR IR R TR
FIALEL . A FREL 1.00 g AN [A) AL 77 B i SRR RE B T — R 51
250 mL BEHRIN, 1 100 mL 80 °CHUABZE/K, 32 40 min,
BT wREsT . ik, EHLE .
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FENE AR, N TR R, RARFS A .
SEATRURE AR [T LA R s v 0 5000 S 1) i A T A
LIRS K ESRAT

A2 8 PSRN R TR AR R
A1 R 2 1 o T e B

AR 4 5 FEMIR E— AR, BRI
I 5 235 SR A RO i 25 N AR 3 5% o

TR I BEATLAR I — £ B ASRE L, 40500 ) 25 v
A o &3 AR EE KT TR A R T, 2K
Tz N ZESE N 80%~120% .

TR 0 25 SRR E AR AT L A o
1.5 EERIBFHEITEN
1.5.1 FREFFEmu0k

B 4B UG R M TS YRR R BN TS e B s
AT, HAtE A (1)

_G
R ) )]

A POVESEITE | MRS R85, G hEEBITER
i B PRE(E, me/kg; S 159 i PR PR IE(E, mg/kg.
Y p<1 B, RUMRNERZENELIEISY; # P>1 B,
KRR MR ZINESFEGY, BEREES P2EM
X, Pb BYBREARHERZ IR GB 2762—2022 { & 424 E %
M BT RRE ) , i 5 mg/kg; Cr. Cd, Hg. As
FRAEFR T IR NY 659—2003 ( ZRM-rR 4% | 5. oK . TR
YRR ) , 4390 5.0, 1.0, 0.3, 2.0 mg/kg; Cu BYFR;
FRUEFZ I NYT 288—2018( S & i 5t ), & 30 mg/kg.,
1.52 AMF REeF 80k

F NS 25 AT e AR Bk s h 4 n %
GRS, TR AR (Q2):

R, = % @

K P W2 £ 8 15 46 5 Payve WEEJRICER IS
PR B IA; P NES R ICE I05 Y48 50K
18, PEMARIESD A S A FEHE 1),

Fz1 ERBFIDSBITE
Table 1 Grading standards for metal pollutants

AT Y5 YL AT Y
AH —— — — -
15 YR EL V5 YL G V5 YL EL V5 Y
1 P,<0.7 LR P,<0.7 Gb
2 0.7<P,<1.0 I 0.7<P,<1.0 Bk 2k

3 1.0<Pi<2.0 BEEYE 1.0<P,<2.0

53
4 20<P<3.0 FPJEVSY 2.0<P,<3.0 HEEISY
— -

5 P>3.0 G P>3.0 ER

1.6 BERERXITEMNEE
1.6.1 TitEHBHEAT

it H 5 A & (modeling daily intake, EDI)/2 58 1 %
FE RN RO AR R FRIE A % . A
R b A U N M E 4R LKA Cr. As. Cd, Hg.
Pb, HAF H A& IR IR NA3):

EDI:CXIR

3)

KX CHESBETEMMEE, meke; IR HHRFSFHH
BAR, ZHRENREYHBAR, B 8 g )"
BW N F-HKE, kg, HEBAEEAE N 64.3 kg,
1.62 RBAFEF R

{5 F B b5/ E 2 B (target hazard quotient, THQ)¥: Xt Hy
A —E & B I TEEER XUS A, A= 4):
Ep X Ep xFr xC

Rep XWyp X Ta

o Ep REEMIR, 365 day/year; Ep N #REZ ] [E], 70 year;
Fir NHZH H AR, 8 g/day; CHRF TP ESEHS
i, mg/kg; Rep N RET e E X N AR S0E 0O IRS%
FIE (WL 2), mg/(kg « day)?' % Wap B P BT, 64.3 kg;
T R AR 01 2 BRI [A) (Ep< Ep), 25550 day.

2 THQ<1 B}, FrnRERREARMLA R RN EE, KU
AR, 4 THQ=1 B, FHIERHEE AR W] RE 1A I (g e UK

THQ = x107 (4)

F2 BWMRTRZOB[AEXSH

Table 2 Parameters related to oral intake of various elements

ZH JCHR A ZHOE
Cr 0.0030
Ni 0.0054
Cu 0.0050
Zn 0.3000
Rep/[mg/(kg * day)]
As 0.0003
cd 0.0005
Hg 0.0050
Pb 0.0014

1.6.3 B AFREE R A

H #7380 XU (target carcinogenic risk, TCR), FT3F
il 2 B R R BUR I P E U o ISR & RER A T
AR L OS2 R R T 2R 88 R I A T4 2B Jie XU
Hatsmas):

TCR = EF><ED><FIR><C><OSF><

Wyp XTy
o Ep HEREESR: 365 day/year; Ep J 2% 5EHT[A]: 70 year;
Fir B HRZEH S HIEATR: 8 g/day; C HHZEPELIBITEM
WS, mg/kg; OSF HZITRPEEF Cr, 0.5 mg/(kg * day); Ni,
0.91 mg/(kg * day); As, 1.5 mg/(kg ¢ day); Cd, 0.38 mg/(kg * day);

1073 5)




[=]
HA

108 =

2 4 Jo R A I A 4

%16 &

Hg, 1.0 mg/(kg * day); Pb, 0.0085 mg/(kg * day)> 2! W,z K
IR AU 64.3 kg; Ta HARSUE T RERRTH]: 25550 day.
KU ZEH: TCR<1x107% el 3 KUK ; 1x107°<TCR<1x107*
AR ER AT $E 3 KU, 1310 *<TCR<1x10"" Ay & KUK .

1.7 HIEAIE
FH SPSS 27.0 #4741 Hr, BEOFE S TATINE 3 K,
Microsoft Excel 2021.3.61.40 52 32548 K& & F i HIAE o

2 RGN
21 HFRHRTEEEHNIEKT

25 80 °CHYTF/KIE 40 min J5, FTiS25%H 8
FIE 4B B KN 3 i, haE 3 ola, &&
B4R & Zn, 4 27.020 mg/kg, Hg /K, 4 0.011
mg/kg, 459 KE/NAE Cu, Ni, As, Cr, Pb, Cd, iX
5 RSP E LS R BT RO TR R,
Hokr i dn, 5ok se 4, FIbE B R TR, Rk GB
2762—2022 ( B R EZ 2 EFZRHE SR RYRE) |
NY 659—2003 { M H4% . fa. K. i HEARRE ) |
NYT 288—2018 (LR Z50t ) WA, AR RAAELE
—EMER Cr, Cu, As, Cd. Hg. Pbi54t, s8I A
RERE = 2R JFORM W B 4 B V5 YL IR ), TR LA b B AT
WIS YRR TR, R A T e R XU PR A o

®3 BAFFFHSMESRNSE

Table 3 Content of 8 kinds of heavy metals in tea soups of

insect tea
&8 & /(mg/kg) &R 5/ (mg/kg)
Cr 1.558+0.306 As 1.774+0.087
Ni 3.344+0.319 Cd 0.858+0.235
Cu 3.366+0.526 Hg 0.011+0.002
Zn 27.020+4.93 Pb 1.385+0.178
22 RERHIER

BE AP AU B AIX 222N T 5%, WA 8
i 19 ik UG 96 4 B 2R 90 0 ) B O 1

[EIEES

(1 pg/L), FFA X0 0 e 45 il SR o Bl AL B —{y L 2%
Fedh, XHASH A TR IR (Hg: 0.10 mg/kg, HAth 7 Fhoc
2:0.80 mg/kg) . M (Hg: 0.20 mg/kg, Hifth 7 Fhoc%:
1.60 mgkg). EkEE(Hg: 0.50 mgkg, HiAth 7 #IcZ: 4.00 mgke) 3
AU BE KT I AR TSI 56, B Sl I RT3 K FEAR A
WEOm 22 (25 TR 4 R, PR 4 A1, SERRRRAR R Cr.
Ni, Cu. Zn, As. Cd. Hg. Pb 8 Fh4:J& (A AL 43 5 H
1.159.,3.477.3.598.27.097.0.142.,0.448 . 1.060,0.010 mg/kg,
JAR DR 85.5%~101.6%, T8 S FE S INER (1 4i 3 1 78
80.0%~120%3 BBl A AH R B3R o [RIHS X ER ASHR i) B (GBW
10052a)iE47 8 Fl 4 Ja (il s, 0 (55 0E 1 4B AR AE X A o
250 3.0%~7.2%, 6 XF LI LR il Bk, g5tk s
FR
23 EERSREETINSER

M THARfER RAE T Cr. Cu. As, Cd. Hg. Pb
AOBRME, MORIE TN E B2 R, WARMICRZE % Cr,
Cu. As. Cd, Hg. Pb & @i T E 4B 15 RN (L
K. B AT, 4RI POA/NT 1, iR, i
I ASHE YR HUARE i b o — 4 i (075 e R AR R As
Cd BB IR, 43510 0.89 1 0.86, & F 2K R 2, H
W& Cr. Pb, Cu, Hg. P, N 0.69, W42, B diAs
TR 42 R 25 AT YRR 1 R ™ T

2.4 BBERNIFMHLER
241 FUEAHFABEANTIFELEE

WY RAZEG T 8 FEAE AT HIEEARMEA
Wi, B 2 Z5HERM, ME RAME R E LA, A
Fe X S5 YW B R K AR O EIR B R B
(U.S. Environmental Protection Agency, US EPA)FIt 5 11
H: 44 2H(World Health Organization, WHO)EFE Y Rep 4T
L, MARTFHHBAREE Rep [EE, WRHZEE
YynT B e A AR A f R RURSE, T e R PR i 0 R U 2 BH %
15 Yy %of A A4 fa B XU K . T 2 WAL, 8 Fh & B o )
EDI Jliif/7>~ Hg<Cd<Pb<Cr<As<Ni=Cu<Zn, H#HRALT
FLAHNE Y Rep {H, 22 W1 (2 XURS: I A 35

R4 HEFFHMIRER SR

Table 4 Spike recovery of tea soups of insect tea

% A% ez 1 4 (IS | ) gk 2 mives iz 3 g3 [B] g 5
/(mg/kg) /(mg/kg) /(mg/kg) /% /(mg/kg) /(mg/kg) 1% /(mg/kg) /(mg/kg) 1%
Cr 1.159 1.871 89.0 2.660 93.8 5.077 97.9
Ni 3.477 4.191 89.3 4.878 87.6 7.270 94.8
Cu 3.598 4.282 85.5 5.069 91.9 7.344 93.7
Zn 27.097 0.8 27.829 91.5 1.6 28.594 93.6 4 30.876 94.5
As 0.142 0.885 92.9 1.760 101.1 3.964 95.6
Cd 0.448 1.193 93.1 2.054 100.4 4.417 99.2
Pb 1.060 1.771 88.9 2.670 100.6 5.124 101.6
Hg 0.010 0.1 0.0996 89.6 0.2 0.209 99.5 0.5 0.514 100.8
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Table 5 Determination results and relative standard deviations A w2 [ A
of green tea standard substance (GBW 10052a) JLFEEICR AR As. Cd, Pb, EI%N[&@?, (ER
— B, AT, A G 5
f[}? _»L—]L-_‘:Bjﬁi_\,ﬁ muﬁ—iﬁ *ﬁx;j»i:ﬂ-{‘{ﬁ lziigﬂ,ffﬁo o 1$ﬁ!ﬁ (=1} R%HG%Q@%MBJKﬁE, ﬁﬂ:ﬁ
i /(mg/kg) /(mg/kg) T 22/% 2R
As 0.1600+0.0200 0.165+0.008 5.0
Cd 0.2000+0.0200 0.196+0.007 3.7
Cr 0.6000+0.1000 0.632+0.029 4.6 BCr
Cu 13.2000:0.9000 13.270+0.490 3.7 0.01 mNi
Hg 0.0073+0.0007 0.008+0.001 7.2 8Cu
Bz
Ni 4.4000+0.3000 4.470+0.130 3.0 .Arsl
Pb 1.6000+0.2000 1.660+0.070 43 ocd
Zn 26.0000+3.0000 26.500+1.400 5.2 W Hg
OPb
1.2 _
1.1 |
1.0 |
09 | El 3 BmEFGT 8 FhE4E N THQ (H
0.8 Fig.3 THQ values of 8 kinds of heavy metals in
g 0.7 tea soups of insect tea
3z 0.6 [ N
£ o5k 243 BARERE AR 2R
oo . NTIP N
=04t %f Cr. Ni, As, Cd. Hg. Pb #fT TCR PFfl, 255
g; I el 4, HLGEPE 4 gL Nio As 19 TCR {HEAL 4
o1l T4 @, 43 3.78x1074.3.30x107%, Hg 1 TCR {EHAIK,
0 2 1.37x10°°. (EEMERA, 6 FE GJ8 9 TCR (EH7E
o Cu o As z;d He PP AN, TR KR, B, AR ER TCR ¥
JUER N NSRS
e R

BT BT AR A R T Qe R A

Fig.1 single factor pollution index of metal pollutants in
tea soups of insect tea

3.36E-03 T
B Ni
”Lm 4.20E-04 4. 20E-04 O As
= Ocd
= 3.78E-04 O e
E‘ Opb
Zn Cr Ni Cu As Cd Hg Pb
JERAFR Fl 4 HmZEH Cr. Ni, As, Cd. Hg. Pb A9 TCR {H
Fig.4 TCR values of Cr, Ni, As, Cd. Hg. Pbin

B2 WA 8 FE 48 1Y EDI A tea soups of insect tea

Fig.2 EDI values of 8 kinds of heavy metals in
tea soups of insect tea

‘ 3 &5 1
242 BAREERZFCGRELER
WA AR A P I E A BT THQ AL, 45 A5 2R oA A S5 B TR RS I o b T ARk T
W 3 R B 3 WAL 8 FhER 4 ) B —fa B XU T 8 88 1 ASHEM R % Cr. Ni, Cu. Zn, As. Cd. Hg.
B R/NMBFE S 1>As>Cd>Pb>Cu=Ni>Cr>Zn>Hg, FHI A Pb 8 FIEAEICRW G &, &RERN, AR BEAE—
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