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[Abstract] Objective: To determine the heavy metal content in Duzhong (Eucommia ulmoides) leaves from
different regions in Hunan Province and conduct a health risk assessment, providing a reference for the quality
control of Duzhong (Eucommia ulmoides) leaves. Methods: The heavy metal content in Duzhong (Eucommia
ulmoides) leaf samples were measured according to the 2020 edition of the Pharmacopoeia of the People's
Republic of China. Health risk assessment was performed using the estimated daily intake (EDI), target hazard
quotient (THQ), and carcinogenic risk (CR) models. The relationship between heavy metals in Duzhong (Eucommia
ulmoides) leaves and those in the soil of their production areas were also investigated. Results: Among 30
batches of Duzhong (Eucommia ulmoides) leaves, the lead content in one batch did not meet the limit standards
specified in the Pharmacopoeia of the People’s Republic of China. The enrichment of cadmium and lead in
Duzhong (Eucommia ulmoides) leaves showed some correlation with the cadmium and lead content in the soil.
The EDI and CR results indicated no significant health risks, while the THQ results suggested potential health
risks in 10 batches of Duzhong (Eucommia ulmoides) leaves. Conclusion: Duzhong (Eucommia) ulmoides leaves
generally comply with the limit standards, however, certain production areas exhibit contamination with heavy
metals. Targeted heavy metal pollution control measures should be implemented to ensure the safety of
Duzhong (Eucommia ulmoides) leaves for medicinal use.

[Keywords] Duzhong (Eucommia ulmoides) leaves; edible and medicinal substance; heavy metals; health

risk assessment

“RXARE AR B RHFZEAEA A (81903746); ¥ d 4 £ &AL+ XA B (20218K2007 ) ; # &1 4 F B 25 A8 %] & 550
B (A2023005); B R LA RE R AR mE A4 ESL BNl 334E 5 2 8RR 8 TR R RARTR A
B SR, X AR, AR T QA PR AFRERERRTFAL
89



* & (3 532

2025 3 A %315 %38  March.2025 Vol.31 No.3

Al Sy kL R AL Eucommia ulmoides Oliv. BT
PRt REAMIF R, S B AR B A AR R A AR
EENL ey e N ] RS T A A N N v
R IMAE A BRI BB BUBAAAE | R WS 5 m i 5
$E R PUR PR TR IR AR . 20234F 11 H L [
R IAEMRRES R 2 WS BREE R &8 ki 2
iS5 ORNY) AN A B 25 5 E S B AR =l ) & e
2ROz B T, SN 55 e o) B, H 25 28
), H 4 e AN S e 0 S W A — o,
KI5 4 i (0 R b 23 i B R R, T B B R AL
ARG RIR AL, AT RS A& BE AL BT /R 2 1 SR 5 T L IR 25
ARAE , B A0 ARG,

LA, T AL ARt AR5 24 b T o 2 B
FAAE D5 1T, X RE AR R SR AT 8 B A T R G ST A
A AW GRS M T AR 4 R A i, RIS
T AR RS, 5 SR A ) o R s R 22 4 JRUR: DA 4
P
1 % #®
1.1 EEHME  ICP-MS Plasma MS 300HLER & H B Fik
TR A AT 0 E KG B AR B3 A BR A 71 ) 5 2 SETOPEX +13
B AL (I IZ SR AR B B A PR ] ) s QUINTIX224 -
ICNT 32— PR (TEEFE L IR ) s H1504 B %
(bR R S A BR AT,

1.2 £ZXA HPb).FECD) . M (As) K (Hg) 5 (Ge) A
(In) B (BDFREZTE (1 000 mg/L) , W XA 400 7 4G 0 4 A A
YA BRA ] URE R R P4l W A 1 24 42 A Ak 2350 B 1
AR

13 SBHR  (DFPEERETWREE SN £
X, e 2 T B 24 00 58 5 X0 WA 9 B3 68 5 350 O I it o
A SR AR B 10 (2) 4R 5 (8L ) o 3988 & 5 s b AL A
HAE 5 (DZY -23~DZY -30 )X SR 4E o SRAE T , W 1 SRR SR
A), iz, T, 1 100 B , 45 HIREE R (5 B LK.

x1 MHAMHERER

R2 MMM ERESMTEERERR

BRg M5 BE TEME [ RIEIC ) HEIC)
fRpbnt DZY-23 1B DZY-23-+ WIMARAATEML 11104 2955
fefbnt DZY-24 13 DZV-24-1 WIHEMMIIECE UL 2754
i DZY-25 8 DZY-05-+ MMAEMIRERX 1260 2689
fhphnt DZY-26 £HE DZY-26-+ WRAKZRWEME 1113 2942

ff pzY-27 3
fhnt DZY-28 +iE
Hf DzY-29 i
L pzy-30 3%

DZY-7-1 MHARAAMEME 1113 294
DZY-8-1 WA ERAALE 12 2n
DZY-29-1 M ERIATANIT 11063 2672
DZY-30-+  WIEATHHERNS 11063 2672

=
=

e g BN 5 g

iR G VVA S W 2 &€ 1 | R L VA G T TR 7
e DZY-2  WEARARHEME || it D2Y-17 IRA TR R
it DZY-3 WIHARAEARL || Hf Dzy-18 WRgA MLV &
BB D2Y-4 WEEKWHT W | R DZY-19 EATETE R
R DIY-5  BiEHKUHTSE | et DZY-20 WEA L
HifM DIY-6  BiEHKUHTSE | Mt DZY-2L WEATEHEN L
Hib DZY-T  WimHKUHTSE | Rt DZY-22 WEAENER R
fHft DZY-8  MRAKDWTSW || M0 D2Y-3 WEARAKAER
fhne DZY-9  WEBRARHEML || it DaY-4 MEAMNGRCR
e DZY-10 WIRBHARHEME || e DZY-25 WREG Mk X
it DZY-11 WRA M || MR DZY-26 MEBRARTEML
fhn DZY-12 WIRBIMETICRE || #tiee DZY-27 BIRATRARTEAA
PR DZY-13 WiATMCHEME || Rt DZY-28 WAL
PR DZY-14 WATMCHEME || Rt DZY-9 WRAEMTRN
PO DZY-15 WEATRMGHEME || R DZY-30 WEARMLRN

2 HEEER
2.1 ICP-MS#) TAEAS BRI A1 550 W, %
HEHHE N 14 mL/min, BN (S HEN0.776 mL/min, 55
AT HF1.075 mL/min, FEA R 3R, F0ERE H2.5 C,
- A A Tl R Y AR X (KED ) , AR 3 54 3808 40 v/min, 3 B8
HFER0.1 50
22 ARESRIERGB G AR W RS AR
T, FH 109% i R 15 R B 1 mL 7% 4500 ng 1.0 ng
5.0 ng.10.0 ng.20.0 ng, & 710.0 ng.1.0 ng.5.0 ng.10.0 ng.20.0 ng
430.0 ng 0.5 ng.2.5 ng.5.0 ng . 10.0 ng R AN R AR W
i o UOR AR b I8 Y e, FH 1090 R R V6 YRS o ) i
1 mL437 5 720.0 ng .02 ng 0.5 ng. 1.0 ng . 2.0 ng.5.0 ngMiH M
NG R A B AT AR, FH KR R AR B
31 we/mLATR A N ARV
2.3 AAPrtHSRIEE R & UL T 60 CT 2 h,
Z90.5 g, KB R , o T R T oo SR ol 0l T A v, n i T
6 mLo % 1, A S A T (0~5 min, D)2 2800 W
5~10min,800 W;10~15 min, 7+ %1 400W 5 15~35 min, 1 400 W )
ML AIR , R H ZE 60 CUAR , BUH T i , il 5%
250 mLiH Y, 2 B 1R B 22 20 B BIAS o [R)EE AN IR b
]S T RE
24 Fik
241 ZMESCRHZE B3I R AIE R, E2.07 TN &
FRRE TSR 2, IS AR, [R5 FIELSLE 101k,
VLA TC 2R A 5 M IO (B 70 00 2 110 3435 T 6F g 1) Joi V4 A
ke R A5 R AR 3 S U R RS B LIS B N R
RAF(R?=0.997 1~0.999 9) , LBH T kR T 5E

F3 HMAMHERETELEXR AQNR

TR AR R A (pgl) KR (pgll)

As  Y=5466.66X+596.90 0.9999 0~20 0.0032
Cd ¥=12685.09X+352.59 0.999 8 0~20 0.001 6
Hg V=6082.46X+89.09 09971 0~5 0.001 6
Ph V=24 147.84X+25 626.45 0.998 5 0~20 0.0148

90

242 KEEIRE  SAEC2.2" B T Ph.Cd. As Hghr fEVE
WOESENE 61, T & TR WL Y RSD. 25 R i /R Ph . Cd L As
HgIf B 2 {1 RSDM 1.24%~1.95% , 2 WU K 25 WA
243 EEMWRE BOZY-1HAPFER 0.5 o, KB E,
oy, M8 2,37 R b A P ARG R &
J RSD 25 5 .78 Pb . Cd . As \Hg PU B JC 2 (1 RSD M 1.71%~
3.85%, FZWIrkEE MR



2025 3R F315%

38  March.2025 Vol.31 No.3

*+ & s 518
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fits  W/(mgkg) #/(mghkg) Ki(mgkg) 4/ (mgkg)

DZY-1 0.120 0.144 0.020 1.100
DZY-2 0.113 0.139 0.025 1.042
DZY-3 0.116 0.336 0.031 1.324
DZY-4 0.124 0.202 0.027 1.868
DZY-5 0.116 0.210 0.029 1.773
DZY-6 0.119 0.259 0.032 1.888
DzZY-7 0.130 0.225 0.031 2.095
DZY-8 0.117 0.174 0.031 1.850
DZY-9 0.058 0.077 0.019 0.438
DZY-10 0.103 0.149 0.016 1.256
DZY-11 0.087 0.150 0.011 0.621
DZY-12 0.103 0.199 0.010 0.761
DZY-13 0.076 0.345 0.009 0.229
DZY-14 0.090 0.413 0.008 0.271
DZY-15 0.060 0.280 0.005 0.181
DZY-16 0.090 0.371 0.010 0.268
DZY-17 0.073 0.586 0.003 0.771
DZY-18 0.072 0.606 0.003 0.759
DZY-19 0.044 0.265 0.003 0.515
DZY-20 0.065 0.411 0.003 0.790
DZY-21 0.073 0.147 0.003 0.540
DZY-22 0.107 0.125 0.044 0.819
DZY-23 0.189 0.082 0.093 0.546
DZY-24 0.186 0.071 0.045 0.313
DZY-25 1.240 0.416 0.064 5.657
DZY-26 0.435 0.078 0.027 2.8717
DZY-27 0.321 0.283 0.028 1.607
DZY-28 0.442 0.082 0.068 0.918
DZY-29 0.114 0.036 0.011 0.358
DZY-30 0.830 0.079 0.090 0.253
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oW AR A

RS RE(THQ) AU (CR)THRE A A R us-7-2u,
THQ=(CXIRDXEFXED )/(BWXATXRFD),CR=(CxIRDXEFxEDx
CSF)/(BAXAT) o He P AT V- 24 B 8 i 1], 150 - 44 2 R 41 B
HT04F , BHAE B EERT A H365 d; RED A 1 IS % 5 4, AR i
USEPA#BEAYEIE , Ho Ph0.001 5 pg/g, As0.000 3 wg/e,
Cd°H0.001 pg/g, He0.000 3 pg/g™; EF A8 52 B, FH4E
30 d; EDNZRERAT ], 3047 45 S AR PR B SR A =46

SH, BRI ARETHQIE , 45 & L br & i 5 PR A &
SR, IS PRTHQE  SEPR THQME K T HARMETHQE
MIZRRICRURS AN T 237, ) Z IMER7R KU T 4232 . THQ<0.01,
D Ak A v o e A A 5 s ol P S S, B, DA e A A v
TEAR XU CSF A BUE AR R T, iRAEUSEPASR HE M A,
Hi AsH1.500 0 mg/(kg*d),Pb-}0.008 5 mg/(kg-d),Cd N
6.100 0 mg/(kg*d) o A CR<1x107, F7n i AU 7T LA Z A
115 1x10°<CR<1x 10, F/R 1] LL%ESZ BIE L #7CR>1x104,
I K &8 B0 XS R 28R FORAN T2 (e,
A5 E W EDHE S PTDISH T T HeA, [Al 2 FTHQE:
ACRIE T 3k o e XU 5 2os 1 XU , EDLTHQFICR
EMZE RIS,

F5E 45 R W R EDIME 4 /N T PTDIMH (As . Hg . Ph A1 Cd 1)
PTDIS341°40.002 140.0.000 573.0.003 570410.000 830 mg/kg/d) ,
FEUAARBIFT AL AR EE 4 S8 %o ARG I S e R A S THQ T

&S5 HMAMHPESEERXKITM EDI.THQ #1 CR &

s EDI/[mg/(kg*d)*10~] THQ/10™ CR/107
- i P PR i i P e i i W W
DZY-1 0.322 0.386 0.054 2.952 37.809 13.611 6.301 69.316 1.70 8.30 0.09
DZY-2 0.303 0.373 0.067 2.796 35.603 13.139 7.877 65.661 1.60 8.01 0.08
DZY-3 0.311 0.902 0.083 3.553 36.548 31.759 9.767 83.431 1.64 19.37 0.11
DZY-4 0.333 0.542 0.072 5.013 39.069 19.093 8.507 117.711 1.76 11.65 0.15
DZY-5 0.311 0.564 0.078 4.758 36.548 19.850 9.137 111.725 1.64 12.11 0.14
DZY-6 0.319 0.695 0.086 5.066 37.494 24.481 10.082 118.971 1.69 14.93 0.15
DzZY-7 0.349 0.604 0.083 5.622 40.959 21.267 9.767 132.015 1.84 12.97 0.17
DZY-8 0.314 0.467 0.083 4.964 36.863 16.447 9.767 116.577 1.66 10.03 0.15
DZY-9 0.156 0.207 0.051 1.175 18.274 7.278 5.986 27.600 0.82 4.44 0.04
DZY-10 0.276 0.400 0.043 3.370 32.452 14.084 5.041 79.146 1.46 8.59 0.10
DZY-11 0.234 0.402 0.031 1.666 27.449 14.159 3.616 39.126 1.24 8.64 0.05
DZY-12 0.276 0.535 0.027 2.042 32.356 18.832 3.169 47.950 1.46 11.49 0.06
DZY-13 0.204 0.927 0.023 0.614 23.948 32.655 2.687 14.419 1.08 19.92 0.02
DZY-14 0.241 1.109 0.022 0.728 28.314 39.061 2.637 17.093 1.27 23.83 0.02
DZY-15 0.160 0.750 0.014 0.487 18.839 26.422 1.641 11.430 0.85 16.12 0.01
DZY-16 0.240 0.994 0.027 0.719 28.217 35.028 3.140 16.880 1.27 21.37 0.02
DZY-17 0.196 1.573 0.008 2.070 23.062 55.409 0.945 48.612 1.04 33.80 0.06
DZY-18 0.194 1.625 0.008 2.036 22.724 57.235 0.945 47.823 1.02 3491 0.06
DZY-19 0.119 0.711 0.008 1.382 13.929 25.042 0.945 32.443 0.63 15.28 0.04
DZY-20 0.176 1.102 0.008 2.119 20.616 38.806 0.945 49.766 0.93 23.67 0.06
DZY-21 0.196 0.395 0.008 1.448 22.983 13.916 0.945 34.006 1.03 8.49 0.04
DZY-22 0.288 0.335 0.117 2.198 33.790 11.791 13.744 51.619 1.52 7.19 0.07
DZY-23 0.507 0.220 0.250 1.465 59.549 7.751 29.302 34.406 2.68 4.73 0.04
DZY-24 0.499 0.191 0.121 0.840 58.603 6.711 14.178 19.724 2.64 4.09 0.03
DZY-25 3.327 1.116 0.172 15.180 390.689 39.321 20.165 356.472 17.58 23.99 0.45
DZY-26 1.167 0.209 0.072 7.720 137.056 7.373 8.507 181.292 6.17 4.50 0.23
DZY-27 0.861 0.759 0.075 4.312 101.138 26.750 8.822 101.264 4.55 16.32 0.13
DZY-28 1.186 0.220 0.182 2.463 139.262 7.751 21.425 57.847 6.27 4.73 0.07
DZY-29 0.306 0.097 0.030 0.961 35918 3.403 3.466 22.559 1.62 2.08 0.03
DZY-30 2.227 0.212 0.242 0.679 261.510 7.467 28.356 15.943 11.77 4.55 0.02
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it i/ (mgkg) i/(mghkg) F/(mgkg) Hi/(mgkg)

DZY-23-1 6.646 0.151 0.096 25.405
DZY-24-1 18.839 0.115 0.100 31.181
DZY-25-1 13.329 0.444 0.094 50318
DZY-26-1 10.143 0.307 0.037 31.078
DZY-27-1 9.491 0.549 0.052 37.740
DZY-28-1 28.599 0.319 0.035 51.480
DZY-29-1 16.471 0.074 0.124 33252
DZY-30-1 10.390 0.420 0.025 38.309
FEE 14.239 0.291 0.070 37.345
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