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ABSTRACT: Objective
(Pb), cadmium (Cd), arsenic (As), mercury (Hg), copper (Cu)] and harmful elements in longan lour by inductively

To establish a method for simultaneous determination of 5 kinds of heavy metals [lead
coupled plasma-mass spectrometry (ICP-MS), and to evaluate the safety of longan lour. Methods Microwave
digestion-ICP-MS was used to determine 5 kinds of heavy metals and harmful elements in longan lour, single factor
pollution index method and Nemero comprehensive pollution index method were used for pollution assessment, the
health risk assessment was carried out according to 4 steps: Hazard identification, hazard characterization, exposure
assessment and risk characterization. Results The 5 kinds of elements had a good linear relationship (r>0.999)
within a certain content range, the recovery rates were 97.5%—-106.8%, and relative standard deviations were
0.11%-2.52%, indicating that the method was accurate and reliable. According to the heavy metal and harmful
element limit standards for medicinal materials and decoction pieces in the Pharmacopoeia of the People’s Republic
of China (2020 edition), longan lour from one producing region exceeded the Pb limit, with a non-compliance rate of
5%. Safety evaluation studies revealed that samples from 3 producing regions were contaminated with heavy metals
and harmful elements to varying degrees, while those from the remaining 17 regions were safe. Health risk
assessment studies indicated that Pb and As exposure from longan lour in a small number of producing regions might
pose certain non-carcinogenic health risks to humans, warranting attention. Conclusion The model established in
this study effectively assesses the health risks of heavy metals and harmful elements in longan lour, providing
reference data for formulating limit standards for heavy metals in longan lour and offering a scientific basis for

establishing a safety evaluation system for this medicinal material.

KEY WORDS: longan lour; risk assessment; heavy metals and harmful elements; safety; inductively coupled

plasma-mass spectrometry
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RIRA, BEaEER>, HET (kakz) U2 2
o B FRHE Y kIR (Dimocarpus longan Lour.) R F Ez B
WEJpIR EE = FRE . TR, S0, fmE. WIS
e X BB 2R g R, TR 2 S A R
AR SR IC R F Ry, HAYAEALRNIE. BiE .
PURE . DU . 5200 P9 000 I i G s S 2 B DY

Ak, A ThERATE FSEETIZ N,
LA R T BRSO, MBS Y, 3
TaET NG YR 2y mk B, R H AT 23k E 2
HEAE PR S R BRI RS H 2, TR T R E 2k
H/\]ﬁ)%[l6—l7]o

TR P2 2 A 2 Y, W& AR A5 L L
KA LA 5 S = A RURE, HrhE 4w 5 g iy RS
B, BT, A2 EXRIR A 2R s . AT EE
F . R RS WA T IRAESES 2N SR xR IR A
HLREIAEFETRSEMNARNE D, Bk, RFFER
FI MRS A 5 B T K T 3% % (inductively  coupled
plasma-mass spectrometry, ICP-MS)43#7 Ji BR A 25 %4 o 4%
(Pb). #A(Cd). fifi(As). R(Hg). 4A(Cu) 5 FhE LB M A %
TCRM G &, H@ES NS e R SO M It Z 4
M, 245E B FE R {H (margin of exposure, MOE): Fll G & 15 K
(hazard index, HI)ZPFHr HAd XS, J IR A 2541 404

FREE A | B Pl SR ARl A, LA ik 27l
BRI R

1 MR5ERZE

1.1 #E5RG
L1l HRRERAE

20 EESCRAE T WE WS . BAK. WAL M7 M
M. k. dLiESH, ZEa T HREE N LR TRY
Ji i (Dimocarpus longan Lour. )R fEF Hz, FE40 0% 1, &
WE T 4 CIRAER
112 & A

ICP-MS Internal Std WHRER LS 54-124CRY2,
100 ug/mL, SEE Agilent 23 F]); Cu JLEARMERRELS
19041) . Hg JLREFRERFIR LS 21073)(1000 pg/mL, H[EiT
WRFEVIERL), ZOCRMMER (P, As, CA)(ME—PEFRIA
23D20401, FEEHEE 1000 pg/mL, FEFA 4R TRk
SAATILRARLLY); HER(PEgkat, 3&E MERCK A+, ACKHEEN:
MyaligoK
1.2 ¢ 2

MS 204 B Z —HFRKVGii LR e R 240
w); G1879B Y& 7K FEIFHL . Agilent ICP-MS 7700X % H, J
A AR (L Agilent 23 w]); BHW EERRIX( it
AR AT RN R]); MARS6 SOk (EEE CEM

YATDE
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Table 1 Informations of longan lour

R2 WOKEMRER

Table 2 Program of microwave digestion

ER) g

S1 IR AR X ST
S2 JUPEH R AR RORE T
S3 IR W Y EREIRN % NI ]
S4 R W Y EREIRN 2 N ]
S5 IV A 36 K s B T
S6 JUPEH R A X E
S7 TR B IR XM T
S8 IR A iR XA T
S9 IPEHE A TR X E AT
S10 IPEHEE A IR X E AT
S11 JUPEHR A X B AT
S12 JUPEH R AR X T T
S13 FoPEHE AR X T
S14 IR N YIRS AE E-A
S15 ALY s E P R L AS B
S16 JUUHRE AR X R
S17 JUUEHR AA X R
S19 JoPEHG A iR X AL
S20 ITPRH R A iR X LT

1.3 Bi&ECH
1.3.1  BAAR AL & ik 4G B )

A3 ARG BRI R ROE R, T 2% SRRV TR
TR B 7% SR RN 4 o H Mk B 4331024 0.1 pg/mL 1 10 pg/mL,
% Pb. Cd. As FFTRWRE N | pg/mL FIRAPRUER 470
132 RAREEAER

I R IR A PR MERE S VS ROE i, ] 2%ASIRYA
WO B B 5 He (& BN 0.0.1,0.5,1.0.2.0 ng/mL,

SR FRAEE R 0. 50, 100, 200, 500 ng/mL, 7% Pb,
Cd. As WREWRE R 0. 1. 5. 10, 20 ng/mL {IRFIHE
RAVEH
133 MARZE R A BLb)

FERR I (Ge) L HH(Im) L BA(BIIR A NFRE oS B, 1
2% B B VA R TR Tl TR R M R 0.5 pg/mL A PIARYA I
1.4 {UERFMH
1.4.1 ICP-MS 44

REERIE: 62 mm; FEALFEE: 2 °C; FIH .
—142 V; BUMEEE]: 03 s WAEWE: 3 WK SR
1400 W; JHIER: He 8. BFBE5 1. 2 F1 3 2500
22, 23 FI-173.5 V, FEFIRAUA . HIRIE. B W
PR ST 128 15, 1. 1 H1 1 L/min,
142 #k 0l AL

AT 5 R P00 T SR AT T e, AR T AL S
3 2,

Y JHEM E/min AR /min R35E]/min
1 5 130 5
2 5 150 5
3 5 190 25

1.5 KWHE

FEERBEER 0.5 ¢ B TIHMRHES, A 7 mL W,
s RS, B A O AR, SRR A R
2, T IR, FREMRR N E =R, itk mhybm s,
B MR . IR SORE T A SR T R NV T E
1~2 mL, FiHILIREERS E 25 mL A8, BRigNEE, &
FHubk, HafkeEsZ208, wA8H Rkflgs
PR
1.6 EE£EBISHFEIFMN

SRR 37 FAEYIE 25K R 7 Fh2h R
Py T 4 TS YN A O i, ASBF ST RUR F B R TS
Y Fg BOLE N E L2 A5 s Bk R P N E & B X
A E R TG YRR R LT Y RE B HEAT IR 2200, PR 1
V5 YL FRFO T LU R SR T A B I s AR B, AR
AR TSP BE T M E SR S A 15 R, & YAk
TG Y- fe i T 7 i o

MR E YR RO TR A ():

H—g’ (D

Krp: p MR ESE | AR IS YRR GOk
EEE MR, mgke S HESE i 1R ERME, mg/ke.
SZH (hEZII) (2020 4RO EEE

K B R 15 e 48 BOT 0 S Fh 4 08 095 Yo 1 0, #57
HRFIH BN T 1, BPATE L,

WA L2 G EOT A W AR (Q):

2 2
p - |(Prear) +2(F1max) @

A P o NI E S REE AT RIS P NEAM
TR 4 B R V5 e AR B P B KA Prnean HEGM A1 45 TR H
oA R R A GUR o (S

MR 45 6 15 Y P B0 B 4 S V5 Y b A T RN, FFNTE
SR YGRS EG, TR bR tE: P »<0.7, &
4(D); 0.70<P »<1.00, EKLLD); 1.00<P »<2.00, 5
YL(IID); 2.00<P 5 <3.00, H BTG HY(IV); P 4>3.00, HEEI5H
(V)o PR, 215 LR,
1.7 R XR I

2 R SR T Sk B I KR A S AT P 2
F L <BRIT A -5k B W) XRS5 . A ST SR B rh 2 o
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SR A F AR B L A KU PR AG Y B AR R e IR
B G F R | B EAS AR R AR S A, X R IR
PIZE b 5 Fofv el 4 Ja AT 5 0 3R X R 4 e B XU 367 7
A
1.7.1  EERA

TH SR LA 21 4] B i i F 5 AL A1 14 S804
1 As 1 Cd 41 1 2EB0EY . Pb o 2B 2KE0EY) . Hg 3
FFUEPT, AT ER Cu o AP R i A Y,
L5 DNAP
172 EEHIERE

Cd. Cu. Hg Mg 45 F H (health-based guidance
values, HBGV)Z [ 2010 4F55 73 IREEA FEAR R AL LR 5}
TAHAL T HEMIREREG TR E RS R TAA
UL A SE NG, Cd W 5] vl sZ 3 A
(provisional tolerable monthly intake, PTMI){H 7 25 pg/kg;
Cu WJE H KBV AR (provisional maximum theoretical
daily intake, PMTDI){E} 500 pg/kg; Hg BYEFE 5 M2 A
HE(provisional tolerable weekly intake, PTWI){EJ 4 pg/kgt*>!,
Pb 1) PTWI {EAI As f) PTWI {H7E 2010 4 i 5 11420 41
4, Pb. As ) HBGV Sttt F A H AW I RERIS0W A A,
#E Pb. As [ HBGV 43310 1.3 ng/kg 1 3.0 ug/kg
1.7.3 RERE

DI H ##% 55 (daily exposure, Exp)X} JE0R A 2544 H 5 Fir
4 8 A EICR AT AR VAN

H ZF R m A 3):

EFXEdxIR xCxt

T ATSW @
K EF R #EES5# (exposure frequency), LA 90 d/AF4ET
Ed h #7524 fR (exposure duration), LA 20 4Eif; IR A HEEA
It (ingestion rate), IR 1 P95 3fi{E Ky 500 g; C JAff P
&8 KA EICE I E M, me/ke; t o2t Al 45 sUHR I
Ja B4 )E A E IR ML R (transfer rate), Pb, Cd. As.
Hg. Cu 0 t {H2 50 14%. 14%. 35%. 24%. 14%; AT
R4 75 R E (averaging time), BUAZS Y HAy 70 4,
L 25550 d 11 W o AT it (weight), P 63 kg #1221,
1.7.4 R EedffEd i

2 B8 22 TR AR PV ST (0 KU R AE A 148 i, SR HI
Xt e (@R R E 4R A E TR (Cd. Cu, Hg)

Exp

S IRRHIERR: M MOE DXt i Aeif o Hed S
M 4B A FEICH P, As)HFIT XS FFER AR
fEFRETE M A (A):
_ Expx10

"~ HBGV ®
R FERETHE U A2 (5):
MOE- BMDL )
Expx10

K Exp  H B, ng/kg; 10 B4R T HBGV W&
SR EAFETENMEES FEH, pgkg, Cd. Hg B
HBGV=PTWI/7; Cu [) HBGV=PMTDI, BMDL HEH 48 &
H FE L E By EL K & T PR {H (benchmark dose lower),
ng/kg®,

# HI<1 8] MOE>1, H4: 8 NA FICE MR
A%, WTLIZM; # HI>1 8 MOE<1, B4 8 KA FEILE
) R RS 85 e, AT B

1.8 HUEALIE
i 5 5 5% B Excel 2016 2475034347 o

2 HR55%

2.1 REEHSFIE

AR AEALES A SR R ST 0T, SR FH bR E
TR AT, AN o0 2 A6 A R R 33 BB Gtk R4, B
FHRREIIRT 0.999, HUZS FIAWIELLHAE 11k, UL 3
5 15 W EE (SIN) B X R A9 R O 2% A H BR (limit of
detection, LOD); L 10 55 Mk b (S/N)H X (R B SR 2%
& B PR (limit of quantitation, LOQ). 7EAESHIIA S &N 5
pg F Cu FRAEST | 0.25 pg A9 Pb, Cd., As AR AT 0.025 pg
B Heg br e & 347 35 5 0 Ax [ i, S ¥ gk R R
97.5%~106.8%, AHXIFrifE 22 (relative standard deviations,
RSDs)/NTF 2.52%, %8716 (i o 25 S v ] &, 255 0
*£3. K4
22 HmPEESENEE

ARRRET AR X (5. RE. ik, B
BH. EA. BT A, JUE 20 RS, X HES
J& B E e TR, R OMAE A TATINE 3 Wk, SEAILER 5.

F3 BUERMEMMESIE. HXREE. LODs 5 LOQs

Table 3 Linear curve equations, correlation coefficients, LODs and LOQs of various elements

JLE BV Epiy RPEAACREU( VI /(ng/mL)  LODs/(mg/kg)  LOQs/(mg/kg)
Hg Y=13236.7499X+2162.4567 0.9990 0~2 0.0011 0.0039
Cu Y=3384.5440X+8782.2600 1.0000 0~500 0.0045 0.0150
Pb Y=13169.4597X+1265.1667 0.9997 0~20 0.0018 0.0060
cd Y=738.2745%+8.8900 0.9994 0~20 0.0003 0.0008
As Y=263.0906X+26.6667 1.0000 0~20 0.0010 0.0033
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Table 4 Results of spiked recovery tests for various elements

JLER Tkt /pg SR ISR % RSDs/%
Hg 0.025 106.8 2.52
Cu 5 99.5 1.01
Pb 0.25 99.9 0.11
cd 0.25 99.2 0.74
As 0.25 97.5 1.01

m3e 5 Al A, JEIRAZEH T Cu & e, Pb IkZ, Hg JEA
K. Cu. Pb. As. Cd. Hg 5 P4 )8 B 2050051
N 4.8500~14.2519 . 0.0218~6.7621 . 0.0096~1.9834 .
0.0054~0.2605. 0.0000~0.0040 mg/kg. HHE ( HEZjM )
(2020 4F ML) . WM/T2—2004 { 24 FHAEA) B il 0 5 T g6
FARYE ). ISO 18664:2015¢ 71 24 5 4 J R i [ Bt )
hESEREME, B 1RSI P SEER, HA 19
ANFESL R S R ER 4R R A E O R M B R TE N,
HARERR R E WL 6,

2.3 ERIBRER

BADR TG e 8 ORI MG B 5 15 Y 4 B0 1 RE S
EaR A AR EPRETT RS, 294 E LB IR bR TE
S (P EZI) (2020 M) AHEHE . FRLE 7.
AR PRI E &8 LA F SR R RES N R
A KB A FESD S15 89 Pb B9 P 1.3524, FW%™
XAFTE Pb V54, HAKESE) Cu. Hg. Pb, As. Cd Y
P¥<1, RHHM=XZRELEGREEBM. N
BTG YA BOT B A R B BT X e IR A RE S
S11 Al = X IR AR S17 B9 P »43J°4 0.8068 .
0.7499, K FE AT A" XIRIRAFES SIS 19 P »
h1.0835, fEfEf TG gy, HAfth ™ X P /N T 0.7, R
ER LA TS YRR A5 R R R 4 7 KR A Y 4
JR 5 YLK AT A R, RS Xk A M 3 i b, i R
HHEM= R —E R ENES RIS HE I R
KVETF LK | Tk =5 e | R ZGARNG YL K 2

x5 20 MERAAH S S HESEREESETENS 2 (mg/ke, n=3)
Table 5 Content of 5 kinds of heavy metals and harmful elements in 20 batches of longan lour (mg/kg, n=3)

o GL ok
Cu As Cd Pb Hg
S1 5.7253 0.0096 0.0054 0.0218 - 5.7622
S2 5.4054 0.1834 0.0117 0.1272 - 5.7278
S3 5.3745 0.5861 0.0231 0.6632 0.0012 6.6480
S4 6.3302 0.8153 0.1052 0.4447 - 7.6954
Ss 4.9493 1.2380 0.1055 1.2531 - 7.5459
S6 6.3419 0.1111 0.0661 1.8439 - 8.3630
S7 6.1961 0.7029 0.0900 0.3452 - 7.3342
S8 5.1565 0.7096 0.1022 0.3961 - 6.3643
S9 5.6560 0.5433 0.1151 0.3833 - 6.6978
S10 6.4245 0.5093 0.1106 0.9162 - 7.9607
S11 11.0994 1.9834 0.1691 3.5557 - 16.8076
S12 7.0322 0.1682 0.0422 1.3661 - 8.6087
S13 6.1997 0.0571 0.0322 1.8548 - 8.1438
S14 6.1470 0.6176 0.1114 0.4728 - 7.3488
S15 13.5105 1.4905 0.2487 6.7621 - 22.0118
S16 6.1258 0.1835 0.0129 3.1993 0.0040 9.5255
S17 14.2519 1.4912 0.2605 3.5883 - 19.5918
S18 6.7798 0.0572 0.0288 0.9080 - 7.7738
S19 4.8500 1.5526 0.0171 1.0663 - 7.4860
S20 5.5290 0.0603 0.0627 0.1533 0.0033 5.8085
FHME 6.9543 0.6535 0.0860 1.4661 0.0004 9.1603
TE: R T HMEER, TR
®6 TRMETEESRIERE
Table 6 Limits of heavy metal elements of different standards
o H 4R PR/ (mg/kg)
P e -
Cu cd Hg As Pb B
(R EZHIL) (2020 4EAR) 20 0.3 0.2 2 5 -
ISO 18664:2015 - 2.0 3.0 4.0 10 -

WM/T2—2004

20 0.3 0.2 2 5 20
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Table 7 Contamination degree of heavy metals and harmful elements in longan lour
P LSRR i () PGS L35 §5 Je A B VR
Cu As Cd Pb Hg (P %)
S1 0.2863 0.0048 0.0181 0.0044 - 0.2072 1
S2 0.2703 0.0917 0.0391 0.0254 - 0.2004 1
S3 0.2687 0.2931 0.0768 0.1326 0.0062 0.2346 1
S4 0.3165 0.4077 0.3506 0.0889 - 0.3319 1
S5 0.2475 0.6190 0.3515 0.2506 - 0.4845 |
S6 0.3171 0.0556 0.2204 0.3688 - 0.2941 1
S7 0.3098 0.3515 0.3001 0.0690 - 0.2881 |
S8 0.2578 0.3548 0.3406 0.0792 - 0.2903 I
S9 0.2828 0.2717 0.3838 0.0767 - 0.307 1
S10 0.3212 0.2547 0.3687 0.1832 - 0.3056 1
S11 0.5550 0.9917 0.5637 0.7111 - 0.8068 11
S12 0.3516 0.0841 0.1407 0.2732 - 0.2761 1
S13 0.310 0.0286 0.1072 0.3710 - 0.2866 1
S14 0.3074 0.3088 0.3712 0.0946 - 0.3038 |
S15 0.6755 0.7453 0.8289 1.3524 - 1.0835 111
S16 0.3063 0.0917 0.043 0.6399 - 0.4785 |
S17 0.7126 0.7456 0.8683 0.7177 - 0.7499 1
S18 0.339 0.0286 0.0961 0.1816 - 0.2565 |
S19 0.2425 0.7763 0.0571 0.2133 - 0.5784 1
S20 0.2765 0.0301 0.2089 0.0307 - 0.2111 1

FHEAE R Tt AR s e i IR S BRI . 42l
i Tl =B A G BRI, A SRR
B, AR N G Jm 5 AR Besh, fE e R P A A7
AL asfiid B, A i i A R S SRS
ERoY 1) 17| IR R ) g e A A
24 EERBERRKIFNER

A FE PR I AF & 3 T o 24 00 T A5 1) <6 s
JRE RS T A S Y, 2 45 5 SR ML A Ao ) e B4
{6 FE S Bd SF R 0 AR i A gl R XL ik

*=8 RIRAGMFSHESEERBEETEREMN Exp. HI 1 MOE

AR . AWFSERIRES P Cd. Cu. Hg i HI (1F-2H{H
FH 5 B AR Y 0.0808. 0.0109. 0.0010, Pb, As fi] MOE
(RS- 43 510K 6.7205 F1115.0139, %t HI FI MOE 1 57 i
R Cd Fl P, RETREEHEE ., 6 7= XA
Pb il 2 7= X EEH A As BURFERRE MOE<1, FKIHAHY
FERFESL Y P, As S0 AAEERE R B — o fa T, N R
EAEEE, K XAERHR Cd. Cu, Hg B HI/MF 1,
Pb. As ) MOE KT 1, RSB ™ XAE S P 4R 1)
RS AAIG, 7T LA Z M, 25 TR 3% 8.,

Table 8 Exp, HI and MOE of 5 kinds of heavy metals and harmful elements in longan lour

o Exp/(png/kg) HI MOE
Cu Cd Hg As Pb Cu Cd Hg As Pb
S1 0.4482 0.0004 - 0.0019 0.0017 0.0090 0.0051 - 159.3807 76.2008
S2 0.4231 0.0009 - 0.0359 0.0100 0.0085 0.0110 - 8.3596 13.0534
S3 0.4207 0.0018 0.0002 0.1147 0.0519 0.0084 0.0217 0.0029 2.6154 2.5043
S4 0.4955 0.0082 - 0.1596 0.0348 0.0099 0.0988 - 1.8803 3.7343
S5 0.3874 0.0083 - 0.2423 0.0981 0.0077 0.0991 - 1.2383 1.3253
S6 0.4964 0.0052 - 0.0217 0.1443 0.0099 0.0621 - 13.7970 0.9006
S7 0.4850 0.0070 - 0.1376 0.0270 0.0097 0.0846 - 2.1808 4.8116
S8 0.4036 0.0080 - 0.1389 0.0310 0.0081 0.0960 - 2.1604 4.1931
S9 0.4427 0.0090 - 0.1063 0.0300 0.0089 0.1082 - 2.8214 4.3333
S10 0.5029 0.0087 - 0.0997 0.0717 0.0101 0.1039 - 3.0099 1.8126
S11 0.8688 0.0132 - 0.3881 0.2783 0.0174 0.1589 - 0.7729 0.4671
S12 0.5505 0.0033 - 0.0329 0.1069 0.0110 0.0397 - 9.1161 1.2157
S13 0.4853 0.0025 - 0.0112 0.1452 0.0097 0.0302 - 26.8397 0.8954
S14 0.4812 0.0087 - 0.1209 0.0370 0.0096 0.1046 - 2.4823 3.5127
S15 1.0576 0.0195 - 0.2917 0.5293 0.0212 0.2336 - 1.0285 0.2456
S16 0.4795 0.0010 0.0005 0.0359 0.2504 0.0096 0.0121 0.0094 8.3559 0.5191
S17 1.1156 0.0204 - 0.2918 0.2809 0.0223 0.2447 - 1.0280 0.4628
S18 0.5307 0.0023 - 0.0112 0.0711 0.0106 0.0271 - 26.7926 1.8291
S19 0.3797 0.0013 - 0.3038 0.0835 0.0076 0.0161 - 0.9874 1.5576
S20 0.4328 0.0049 0.0004 0.0118 0.0120 0.0087 0.0589 0.0078 25.4317 10.8359
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