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songaricum and the resultant health risks

SUN Lan-ping', MA Zhuan-xia', LU Xin', GU Zhi-rong™" , ZHANG Rui', XU Ai-xia®,
GE Bin®*
(1. College of Pharmacy, Gansu University of Chinese Medicine, Lanzhou 730000, China; 2. Gansu Provincial People’ s Hospital, Lanzhou 730000, China)

ABSTRACT: AIM  To analyze the pollution and health risk of heavy metals and harmful elements in
Cynomorium songaricum Rupr. METHODS  Sixty-five batches of samples treated with HNO,;-H, 0, by microwave
digestion were subjected to quantitative determination of copper ( Cu), lead (Pb), chromium ( Cr), cadmium
(Cd), arsenic (As) and mercury (Hg) by inductively coupled plasma mass spectrometry (ICP-MS). Estimated
daily intake (EDI) and target hazard quotients (THQ) were used to evaluate their health risk levels, and thus the
recommended maximum residue limits ( MRLs) for the aforementioned heavy metals in C. songaricum were
proposed. RESULTS With reference to the international standard for heavy metal limit, among 65 batches of C.
songaricum , Cu in 4 batches, Cd in 4 batches, Cr in 7 baiches, and Pb in 1 batch, exceeded the limit, accounting
for a disqualification rate of 24. 62% . Taking EDI and THQ for the assessment of heavy metal content and the health
risk value, 65 batches of C. songaricum with exceeding limit in As, Pb, Cr, and total amount of heavy metals
brought forth certain risks and non-carcinogenic hazards to human health. CONCLUSION This accurate, stable
and reproducible method can be used for the quality control of C. songaricum.
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Bt BH Ay B0 B B8 BH s Al ) BT FH Cynomorium
songaricum Rupr. W) TR FZE" | BIA AR &L,
WEER, FHORBLED ) HA AN, #0610
T R AR T A, B R AR, i
%, BURSZIEAEN Y AR BEE R B
15 RAREEAESE, hegp PR oA F o
RIRE S H f5 5, A m S NRTH LR G
W BUG TG RN R R A Bem T, H A RIS G
2 25 8 AR A4 — Ry 2 g EE
R ARHIFSE R ICP-MS 325 40 Hr 8 B v B 4 R
i, LD L H B E AT A2 48 AR PTDI( provisional
tolerable daily intake) 5 EDI (exposure daily intakes)
PPAG A B £t bR XURS: K -, 454 THQ ( target hazard
quotients) PHALBIFHTEHER IR =T, P4
J i SR BN R L (A B f e AU, LA
W HA 2 B 25 i e e T AR R 2

1 g
1.1 AE ICP-MS 1% (3 Thermo Fisher 2%

H]); ETHOS 900 G MM 240 (7 KF] Milestone

ZNE) s Milli-Q B Atk A E (1% E Millipore 23 ],
HFH%=18.2 MQ/cm) ; Sartorius BT 125D H, T K
Y (Ti4rzZz—, T8 Sartorius A F) o BT FHBEEE Y
A IR BRI M 1, P25 B /R DR sk
1.2 XA 5% Cu, Pb, Cr, Cd, As, Hg #5
WE BT A IO 1000 wg/mL, W H [ 54 (6
wm N H AR Al b B (Bi) L
(In) | # (Ge) HILEWFRMK (10 pg/mL, [
SPEX Certiprep 2~ w6 ) ; #f & M AR EW it (L=
GSB-11), T [ [ M sk Py PH AL 7 ) 56 0F 52
HNO, F1 H,0, (HRHIEHLE); AKAEETIK,

65 MBI RE T HIR . A5Eh . Bril, Hi,
TERESAE (X), wWiFRE, #WR, e, K
AE 12 AT (/M) B2 ol B 2 K
H2h U BOWT E A BT R R A E S B R
Cynomorium songaricum Rupr. BT IR FZE, i
A EARBI W EE S 80 Hf, Wi, Bk
REWEL,

*1 HREER

Tab.1 Information of samples

i ik i Hi/m f—— E?Lﬁ AR é*rr H *rF?ﬂ
/it /d mm i 4/h iR/

DH(1~5) 5 HNAATE SR TSR T 958~1 815 Wl R A R 142~190 39.9 3246.7~3300 9.3~9.9
JT(6~12) 7 HRAERTEEE 1233~1421 R REMFEBEAE  133~186 47~160 3193.2 8~10
GZ(13~19) 7 HltAm R I & 1 063~1 590 ik NG S 145~247  45.7~75.3  3230~3360 8~9.7
MQ(20~26) 7 HiltARET REE 1293~1545 R KBEETRAME 163~190 156 2400~3 073.5 9~9.5
SN(27~32) 6 HitrAskimmiima 1475~3 154 iGN e 80~96 87~300 2683~3085 2~3.6
7Q(33~37) 5 WS BHLE B bR Ao A 4T R 789~1 541 rh R f% 150 90 3100 7.2
YQ(38~41) 4 NS BTRIEA MR R 1299~1 503 NG R 150 75 2880 8.4
PL(42~45) 4 THAHAVLTEYE 1103~1 247 iGN Eaa K 7 159 173.2 3.008. 6 8.8
HT(46~49) 4 SR Hb X A £ 2875~3 436 iR TR 220 50 2735 8
KS(50~53) 4 BRI AT b DX T A 1229~1312 Bl KT 505 212 72.2 2923.7 12
ALT(54~57) 4 st Byl 2 i IX BT i 25 i 813~1003 NG ERa ] 151 199 2 881 4.5
TD(58~61) 4 HIFEGREE A A MIAMEL 2 926~3 266 FIRRRESE AR 440 2655 0.5
GBT(62~65) 4 THiFais P iy IO E IR MM KA K RENE 2 815~2 833 Tt AEFEBOKRRMES % T RFN 415 3358 4

2 AESER

2.1 ICP-MS &M SFE FIRGHIIR 1300 W;
FAR CES) ARFBRFR 1.1 L/ming B BAR
1.0 L/ming & T 15 L/min; SR FE IR JE
7.0 mm; ik & 1 050 Vv, IEE T FEEL 40 r/min;
A N A T, 2.5 mm PLOEE; BIE3V,
SERAEE] 0.03 s, RAERTR] 40 s, EHE 3K, BOF
P, WERICE A Ge " In " Bi, DI IERARRL
A DN o7 NI ST U= e R i G

2.2 AREERRAE REBEBSSRITRMERT,
2% HNO, ##, Hrh Cu, Pb 0.1, 0.2, 0.4,

1.0, 2.0, 5.0, 10.0, 20.0, 50.0 pg/L, As.
Cr, Cd, Hg % 0.05. 0.1, 0.2, 0.5, 1.0, 2.0,
5.0, 10.0, 20.0 pg/L, 5l £ Ge " In P Bi Jii
HIRE N 1 pg/mL FIRA PR,
2.3 #Hmmiwag BARMBARZ 0.5 g, KERK
E, BTRMNKEHEMEES, A 8 mL HNO,
2 mL H,0,, B, T 608 g A b 72 7 I
gl VA, HASE S0 mL B, B TOKFRE
BRI [k HA2 VST S hRES IR
2.4 FEFER
2.4.1 LMEXRRERFE W “2.2” UMK, 1
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“2.17 TUEMF TR, A5PRWE 2, KUK ITTRTE
# LB NZNE SRR AT,

BELENE 11K, USTCRE SR ERERZ (8)
() 3 %5 7 e 7 £ S A5k 3 B A SR R B (LOD) T

2.4.2 KRR BESAHBW, fF 217 WLUT GERNE 2,
K2 BRUELHEXZR

Tab.2 Linear relationships of various elements

JLE Gy r LML/ (pg- L) KPR/ (ug-L7")

Cu Y=9.976x103X+1. 107x103 0.999 9 0.1~50.0 0. 048

Pb Y=1.021x10°X+5. 895x 10> 0.999 6 0.1~50.0 0. 006

cd Y=5.411x10°X+9. 053x10° 0.999 7 0.05~20.0 0. 027

Cr Y=7.804x10°X+5. 793x10? 0.999 5 0.05~20.0 0.079

As Y=1.021x10°X+1. 420x 10" 0.999 9 0.05~20.0 0. 026

Hg Y=8.314x10°X+3. 896x10' 0.999 8 0.05~20.0 0. 006
2.4.3 MEEERE OB C2.2” WUNWW, F R, % “2.37 WF ikl s, 1
“2.17 WA HERE 6 IR, IS 4% 8 K RSD “217 WM T O, 1,2, 4,6, 8,10, 12 h

1.67% ~3.47% , FULARE 5 AT,

2.4.4 HEMRE B DHL (HRE R
HHETT 1) £90.5 g, FEERE, & “2.3”7 WHH
Pl A AT, E “2. 17 TR E,
B4 I HENE RSD 1. 68% ~3.26% , FWi%J71k
HE MR

2.4.5 FEMIAR  BUFES DH1 29 0.5 ¢, K%

YERE, M54 ICK RSD 0. 77% ~2.39% , FHIfx
PRVATRTE 12 h R E T B4

2.4.6 MAERIMCRREE  BURE A DHL 29 0.25 ¢,
FEEFRE, K% MA 8 mL HNO, . 2 mL H,0,, A
Pb, Cu, Cr, Cd, As, Hg FHICK PR MR WIS &,
e “2.37 WUkl gl S B, 7E
“21" TSAMTFIE, THAEIRICRE, R 3,

R3I BLEMEEKERELLER (n=6)

Tab.3 Results of recovery tests for various elements (n=6)

JLHE PR/ g JEAE R/ g JIAE/ g WA/ ng SEE T % RSD/%
Cu 0.25 1.814 1. 800 3. 607 95.76 1.81
Pb 0.25 0.533 0. 560 1. 095 101. 64 1.34
Cr 0.25 0. 253 0. 250 0.498 96. 66 3.03
cd 0.25 0.071 0. 070 0.143 98. 69 4.72
As 0.25 0. 145 0. 150 0.298 104. 71 3.46
Hg 0.25 0.001 4 0.0015 0.002 6 103. 74 5.16

2.5 #H&EAFTME <237 WF k&t
AR, 7E <2017 TR I A i s
6 FlinZE &, 45RWE 4,
2.6 E&EMEFERNEITFE
2.6.1 EDIIE AWK EDI 5 PTDI XL,
A5 HH B BH RUBS: KO- 278, i Ca, Pb, Cd, As,
Hg. Cr () PTDI 4504 0.5, 0.003 57, 0.000 83,
0.002 14, 0.000 573, 0.002 14 mg/ (kg - d)'"',
4 EDI<PTDI B, A AR far 5 42 & 19 i I A W]
WA, WA 1,
EDI = w (1)
BW

Hr, BW WA AR & (A 55.9 kg,
JLEE 32.7 kg) ; IRD 2R HEEAZ M5, AR HE
2020 “ERR (REZGHLY) BE, KS5~10 g,
2.6.2 THQ it%H  AWF5RiE T USEPA 148 345
1540

BEEEdE, ITESIHTPESEN THQ, HTWH
YT Y (N1 500 g, JLEE 800 g)
Feflt ) RS THQ <0. 006 67 s, AJIA N 4
Ja I BN i B T B W e #F THQ<0.006 25
B, Ak e LEE R TG agm . WX 2,
C x EF x ED x IRD (2)
BW x AT x RFD

Hrfr, EF ABFREE THEYRE (30 d),
ED 7 is TRV (30 4F), AT N-F-Xy4%fh
EZUHT Y TR, 3N =70 ¥ %365 d,
RFD % & % % &, USEPA 24t i 5 5" H Cu
0.04. Pb 0.001 5. As 0.000 3. Cd 0.001, Hg
0.000 3. Cr 0.000 3 wg/g.
2.6.3 MRLITHE  #E44 THQ BUERH T (THQ=
1), IESHhESEN L eREE, W3,

FIR. WABXATXRFDx1 000

MRL=THQx——x
WF EFXEDXFIR

THQ =

(3)
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Tab.4 Results of content determination for various elements (xxs, n=3)

%5  Cu Ph Cr Cd As Hg 45 Cu Ph Cr Cd As Hg

1 7.256£0.115 2.133£0.092 1.0130.014 0.285+0.013 0.582+0. 116 0.006+0.001 | 34 10.756+0.093 1.109£0.009 0.436+0.040 0.125+0.046 0.467+0.120  0.006+0

2 5.25620.239 3.255:0.074 1.116+0.122 0.103£0.005 0.711£0.164 0.006=0 35 2.963+0.102 3.761£0.033 0.437+0.029 0.096+0.036 0.527+0.094  0.002+0

3 10.027£0.093 4.412+0.045 0.549:0.121 0.026+0.009 1.141£0.116 0.008+0.001 (| 36  0.922+0.099 2.489+0.014 0.398+0.009 0.107+0.007 0.326+0.063  0.001+0

4 5.485:0.286 1.52120.023 0.688+0.085 0.359+0.050 0.842+0.137 0.022+0.004|f 37  1.58520.163 2.527+0.068 0.426+0.018 0.274+0.047 0.4330.060  0.002+0

5 4.435:0.133 1.0290.093 1.215+0.085 — 0. 942+0. 049 — 38 0.556£0.090 1.661+0.088 0.514+0.026 0.045+0.005 0.622+0.057  0.001£0

6 5.52620.045 0.948+0.037 1.036+0.087 0.326+0.019 1.002+0.006 0.006=0 39 21.566+0.082 2.600+£0.069 0.016+0.008 0.108+0.075 0.785+0.125 —

7 13.259£0.309 0.811+0.106 0.169+0.094 0.002+0.001 0.560£0.097 0.010£0.005| 40  7.237+0.143 2.335£0.055 0.999+0.102 0.411+0.068 0.649+0.071 —

8 0.841£0.085 1.298+0.069 0.585+0.065 0.388+0.059 0.408+0.076 0.007+0 41 5.336+0. 111 1.9790.012 0.796+0.081 0.102+0.040 0.712+£0.085  0.003+0. 001
9 2.385:0.180 1.352+0.049 3.115+0.079 1.055£0.079 0.395+0.073 0.014£0.002|| 42  1.02620.102 1.206+0 0.552+0.042 0.011£0.007 0.545£0.063  0.014£0. 001
10 3.699+0.078 3.249+0.043 1.026+0. 120 0.049+0.008 1.002+0.006 0.0080 43 0.289+0.008 1.229+0.014 1.339+0.115 0.127+0.054 0.414£0.071  0.001£0

11 5.98420.066 3.223+0.143 0.326+0.066 0.210+0.014 0.421£0.065 0.009+0.001 || 44  7.560+0.096 0.979+0.017 0.4110.036 0.104+0.016 0.386+0.056 —

12 3.58820.070 4.026x0.074 0.259+0.006 0.184£0.009 0.411£0.064 0.006=0 45 2.369£0.077 1.9540.009 1.026+0.075 0.0940.007 0.344£0.041  0.002+0

13 6.55020. 112 2.549+0.042 0.349+0.007 1.255£0.068 1.021£0.142 0.013£0.004|f 46  0.225:0.024 1.465+0.033 2.125+0.085 0.285£0.065 0.559+0. 117 —

14 1.289£0.057 1.592+0.011 0.422+0.023 0.3300.070 0.480+0.061 0.009+0 47 10.355£0.095 0.91020.058 1.322+0.075 0.036+0.011 0.392+0.055  0.002+0. 021
15 12.339£0.490 2.634+0.088 0.2260.011 0.188+0.058 0.918+0.057 0.012+£0.001 || 48  1.267+0.066 1.3170.077 1.452+0.040 0.066+0.009 0.001£0
16 7.229+0.053 1.6770.025 1.006+0. 009 — 0.851£0.058 0.006+0 49 2.185+0.064 3.391x0.033 2.153£0.082 0.218+0.068 0.311£0.070  0.0050
17 8.36620.087 2.10020.135 2.119+0.015 0.034£0.006 0.741x0. 149 0.0030 50 4.260+£0.052 2.170£0.046 1.334£0.077 0.159£0.042 0.305£0.011  0.004£0
18 12.658+0.093 2.15620.219 0.369+0.269 0.045£0.006 0.254+0.053 0.008=0 51 5.625£0.124 0.0970.006 2.302+0.067 0.377+0.054 0.311£0.052 —

19 3.289+0.249 0.5380.022 1.012+0.076 0.552+0.044 0.45420.045 0.008£0.001|f 52  3.86420.057 1.902+0. 104 0.755£0077 0.824+0.055 0.372£0.045  0.0050
20 2.248+0.227 2.868+0.070 0.818+0.024 1.003£0.009 0.155+0.040 0.002+0 53 6.116£0.099 1.498+0. 134 2.206+0.212 0.188+0.063 0.523£0.057  0.004£0
21 4.237£0.094 2.082+0.057 1.115£0.064 0.255+0.043 0.272+£0.051 0.005£0 54 0.710£0. 102 1.622+0.006 1.126+0.074 0.032+0.006 0.329+0.058  0.0050
22 10.652+0.251 2.354+0.047 0.422+0.065 0.001+0 0.660+0.089 0.002+0 55 2.452+0.069 2.803+0.012 1.357+0.086 0.008+0.001 0.466+0.048  0.012+0. 004
23 8.249+0.154 2.176£0.029 0.729+0.032 0.116+0.026 0.972+0. 151 0.006+0 56 4.650£0.172 1.9670.011 0.711£0.011 — 0.405+0.031  0.006+0
24 2.725¢0.103  2.019+0.033 0.33620.044 0.0010 0.517£0. 064  0.008+0 57 7.215£0.120 2.008+0.206 0. 822+0. 020 — 0. 640+0. 056 —

25 4.731£0.116  2.261+0.084 0.943+0.023 0.063£0.006 0.684+0.120 0.011£0.002{| 58  9.139+0.109 2.9730.610 1.141£0.059 0.215£0.064 0.215£0.069  0.005+0
26 15.737£0.142 1.141£0.089 2.010z0.078 0.029+0.008 0.524+0.114 — 59 9.949+0.041 2.091£0.117 0.060+0.014 0.143£0.038 0.759+0.047 0. 008+0
27 28.742+0. 144  2.361£0.070 1. 104z0.071 — 0.2330. 063 — 60 25.270+0.207 1.133£0.112 0.784+0.077 0.17220.048 0.499+0.102  0.009+0
28 9.748+0.142 2.230£0.050 1.0180.059 0.211£0.073 0.213£0.079 0.011£0.002{ 61  9.549+0.079 2.174x0.173 0.257£0.017 1.0660.049 1.016+0. 086 —

29 8.952+0.052 1.124£0.125 0.952+0.003 0.276+0. 068 — — 62 1.890+0.014 5.216+0.032 0.605+0.031 0.003+0 0.2160.058  0.004£0
30 12.256+0.098 2.7800.062 0. 116+0.075 — 0.355£0. 055 — 63 2.687+0.096 4.257+0.096 0.475+0.033 0.323£0.053 0.289+0.014  0.015+0. 002
31 13.15840.209 3. 112£0.067 0.225+0.031 0.004+0.001 0.485+0.098 0.002+0 o4 — 2.987+0.106 0.370£0.023 0.021£0.007 0.262+0.047  0.01320.002
32 24.333£0.096 2.106+0.010 0. 444+0. 043 — 0.552+0. 044 0.001£0 65 3.489£0.068 2.340+0.078 1.077£0.062 0.216+0.070 0.464+0.048  0.0030
33 3.260£0.078 2.253£0.091 0.6080.067 0.088+0.006 0.4210.064 —

e — R A AR TR SR L0 3,

Hrb, WF AR HEBAREY) S (A 1500 g,

JLE 800 g), FIR/WF /R 254 S A B
I EA

2.7 SR oH

2.7.1 HEEEBARE R4 BxR, BiHThESE

SN Cu>Pb>Cr>As>Cd>Hg, L 1SO K 24 i

JIHLAE (4 MRL fe KBR A bR, w] 45 H 4 PH
A 441t Cu #BAr. 4 4t Cd #AR. 7 it Cr HA5,
L #EPh bR, ANEAEEN 24.62% .
2.7.2 FEAEENEIAT AR EE %S5 R,
B B L2 IR A PH A B 4 J8 S0 R 19 EDT AR IR K
Cu>Pb>Cr>As>Cd>Hg, W T4 HE4JEM EDI HY
/NF PTDUAE, UL PG 845, A AR
FH BA 5 B for 3 4 R 0 BA 00 R AT LA
THQ F XU AL FE AR, KKK Cr>As>Pb>Cd>
Cu>Hg, SHriER) THQ #HEL A B, Cr. As. Pb )
THQ 2 THQ K T8, ik, %ﬁliﬁ%u}?"‘
A2, W25 hak R Ph, As, Cr &R iE

Xt 22 o N i A 08 ) B 5

HARBIH & — 4 EE@K%%%&E&, HE
FUE THQ R & 7% AR e B A B 8 19 a3
Wad (3) AP T E A e A R BR

Rl 6,
3 itig

2020 4ERR (P EZG MY X2k EE 4
JRITCE MR pe/g BAE N Pb<5.0, Cd<1.0,
As<2.0, Hg<0.2, Cu<20.0, H4EEE<
20.0; ISO [FEPFrbrifE pe/g BLE R Pb<10, As<4,
Cd<2, Hg<3, fHARX Cr fEi M E, 3% GB
2762—2012 £ abriEH K sh ) S FLah Cr % &
RN 2 ne/g, BAEEAES B K E R R R BR
Rl Cr<2 pg/g, Cr 2 AMEDLTE R ITE,
(Had AN 2 5 AR, AR AL 45

&5

PR IZICE RFD (1,50 pg/g), 15 H140H ip H:
HEFREE N 1 586.9, NATE LRGN, HHAT,

¥ Cr JC % ) PIDI 2 %0, N itk A BF 95 4K 35
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Tab.5 EDIs and THQs of heavy metals in samples

P PTDI/ BxH| 5/ EDI/(mg-kg™!-d™") THQ
B (mg-kg™'-d7") (mg-kg™'-d™") A JLFE PN JL#
Cu 0. 500 00 0.040 0 0.005 141 7 0.001 054 9 0.001 086 9 0. 000 928 9
Pb 0.003 57 0.001 5 0.000 384 0 0. 000 328 2 0.009 017 2 0.007 707 4
Cd 0. 000 83 0.001 0 0.000 041 3 0.000 035 3 0.001 455 2 0.001 243 8
As 0.002 14 0.000 3 0. 000 095 8 0. 000 081 8 0.011 243 2 0.009 610 0
Hg 0. 000 57 0.000 3 0. 000 001 1 0. 000 000 1 0.000 138 1 0.000 118 0
Cr 0.002 14 0.000 3 0.000 157 5 0.000 134 6 0.018 491 2 0.015 805 8
J& THQ — 0.041 431 8 0.035 4139 — — —
X6 HRTELENEEFREE (mg/ke) [4] TaoR, Miao L, Yu X, et al. Cynomorium songaricum Rupr
Tab.6 Recommended limits of heavy metals in samples demonstrates phytoestrogenic or phytoandrogenic like activities
(mg/kg) that attenuates benign prostatic hyperplasia via regulating steroid
= AN T 5-a-reductase[ J]. J Ethnopharmacol, 2019, 235. 65-74.
C;\ 42,318 4 26,415 8 [5] Wang F, Zhang J, Liu Q, et al. A polysaccharide isolated from
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