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Investigation of five heavy metals in nuts and seed foods sold in Jiangxi

Province and assessment of exposure risk
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Abstract: Objective To investigate the contamination status of lead (Pb), cadmium (Cd), mercury (Hg), chromium (Cr), and
total arsenic (As) in nuts and seed foods sold in Jiangxi Province, assess the dietary exposure risks to residents, and provide a
scientific basis for precise regulation. Methods A total of 99 samples belonging to 12 categories were collected from 11 cities
in Jiangxi Province in November 2024. The contents of the five elements were determined by inductively coupled plasma
mass spectrometry (ICP-MS), exposure levels were calculated using a point—estimation model, and risk assessment was
performed using the single—factor pollution index method and Nemerow comprehensive pollution index method. Results The
detection rates of Cr and As were both 100%, while those of Pb and Cd were 61.6% and 67.7%, respectively. Hg had the
lowest detection rate of only 2.02%. Among all samples, only Cr exceeded the standard limit, with an exceedance rate of
4.0%. Pistachios showed relatively high contents of Pb and As. Sunflower seeds had the highest contents of Cr and Cd, with a
Nemerow comprehensive pollution index of 4.1, indicating severe pollution. For adults with a daily intake of 5 g, the non-
carcinogenic risks of all elements were controllable. However, the daily exposure dose of Pb [2.62 wg/(kg-bw-d)] significantly
exceeded the benchmark dose lower confidence limit [BMDLO1: 0.5-1.0 pg/(kg-bw-d)] established by JECFA. Conclusion
These foods are generally safe, but Cr contamination in sunflower seeds and chronic Pb exposure risk for children are major
potential risks. It is recommended to implement a four—in—one precise prevention and control strategy: “high-risk category
targeting, speciation analysis, source control, and consumption guidance”.
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Table 1 Classification of quality grades for nuts and seeds
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Table 2 Standard curves, correlation coefficients, determination ranges, and limit values for each element

JCH PRk (PSS 4 72 A Bl (ng/mL) PR Gt R (mg/ke) P fE (mg/kg)
Ph y=17.204 0x +0.488 3 0.999 9 0~50 SRe 0.005 0.2'

Cd y=0. 993 0x +0.003 7 0.999 2 0~50 "Rh 0.003 0.5"

Cr y=0. 045 6x +0.005 6 0.999 1 0~50 "Ge 0.01 I

Hg y=2.049 5x +0.056 8 0.999 2 0~3 "Re 0.004 0.05”

As y=0. 007 2x +2.441 6 x 10™* 0.999 5 0~50 "Ge 0.005 0.5"

T CE R E AR 5 P R ) (GB 2762—2022) ;™ 4 fh275 Yoy AU Wi 43 T 52 55 (hitps://sppt.cfsa.net.cn/goto/main/wrw) .

2.2 LG BRRBATF R o) ARG AR AT
ST RAE 99 kLS KT Ph.Cd Hg L Cr. 4 As FiAp
JEE . SRR, A Cr As KR HPRYH 100% , 300 —
BAETLPG A T U AL 1 i 873 A7 7E s P Cd Kzt
RAPINH 61.6% .67.7% b TR K s He A 34X
2.02%, 15 G AR A, 5 AR K AR TR He ZEY S

LERE S IR — 2

A R, Cr 2 ME— AR TR, EhR R
4.0% , V¥ & E 0.32 mg/kg,95 H 47 EN 0.84
mg/kg, BT 1.0 me/kg BREEAE ;P Cd i As P&
435174 0.031.0.023 F1 0.047 mg/kg, Ll TR &
B, Bk 4, 3k 3,

&3 LHE T E SIS P E SRS
Table 3 Heavy metal test results in nuts and seeds sold in Jiangxi Province

TLR A Bk P (mg/ke) Pos(me/ke) Kz 4(%) FBARA(%)

Ph 99 0.031 0.110 61.6 0

Cd 99 0.023 0.120 67.7 0

Cr 99 0.320 0.840 100.0 4

Hg 99 0.004 0.004 2.02 0

As 99 0.047 0.090 100.0 0

23 BERMFEAREF BIE G SHUE AR IRFIRERRE, G R R T A

S IR SR TG R TS YK AR AE I i 22 S Pb T,
T 5 YRR AE B ol W %, S & ik 0.055 0
me/ke K3 77.8% , HAR S B /N B SE Ph K
FAL 20.0% -3 5B 0.012 5 me/ke, 15 5% KU A% 5
HAxihZs pb St TAKF- . Cd 1 F#E S Pb
FEFE X AR TR0 ZEAEHT Cd A R34
100% , Horp 8R4 f fe i, o4 0.051 3 mglkg;
KR S A, M 0.010 0 me/kg, As TEATAFES
H1 100% K6, il A7 7E T4 8RR RO
B s, 0 0.071 3 me/ke, LA M2 &1t

x4

2R AP B iR, 0 0.819 1 mgrkg, 7
SYFERE B 1 me/kg B E ; JFO R Bk T
VG YK s AR TR L 100% K As, HA i
ARG . He 15 X MG, AHEFF DR s i
ARG HA S RAG

AR RO AT R R L9 AHIRILE Ph AR R R
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Table 4 Lead and cadmium test results in nuts and seeds sold in Jiangxi Province

Ph F iy [

Cd FHyE

LS 3] FEMEH(meke) ZERFER)  KHE%) FEEHmeke) AERRE(%R)  KHE%)
(mg/ke) (mg/ke)
SAERN ND ~0.115 0.022 4 2.03 333 ND ~ 0.155 0.005 4 1.15 333
jiE ND ~0.132 0.028 4 2.04 20.0 ND ~0.164 0.010 6 0.54 80.0
PV ND ~ 0.073 0.026 1 121 75.0 0.004 ~ 0.139 0.051 3 1.17 100
itk ND ~0.188 0.034 0 1.35 63.2 ND ~ 0.018 0.004 1 1.50 263
FEOAR ND ~ 0.135 0.0555 0.95 77.8 0.006 ~ 0.046 0.016 0 0.81 100
¥ ND ~ 0.073 0.030 1 1.24 66.7 0.059 ~ 0.131 0.093 8 0.38 100
KRR ND ~ 0.067 0.0324 0.96 85.7 ND ~ 0.011 0.003 7 0.94 429
i AR ND ~ 0.104 0.026 2 1.30 583 ND ~ 0.028 0.006 6 1.20 583
JREHF ND ~ 0.069 0.0354 0.87 75.0 0.003 8 ~ 0.013 0.006 6 0.67 100
ZEALHT ND ~0.115 0.0329 1.01 69.2 0.045 ~ 0.256 0.095 2 0.62 100
FJIFF ND ~ 0.077 0.017 4 1.63 455 ND ~ 0.0079 0.004 0 0.54 72.7
PO JTAT ND ~ 0.082 0.0320 1.18 66.7 ND ~ 0.021 0.009 4 0.71 83.3
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Table 5 Test results of arsenic, chromium, and mercury in nuts and seeds sold in Jiangxi Province

ey S AREH P ARRE GRE CFEEE  PHE SFRR GRE s SREHE FHE SRR B
(mg/kg) mgke) (%) (%) (mg/kg) mgkg) (%) (%) (mghke  (mghkg K% F%)
BAER/N 0.0176 ~0.059 1 0.038 5 0.376 4 100 0.14 ~0.364 0.2202 0.3752 100 ND 0.004 0 0
R 0.00697 ~0.0301 0.0162 0.5346 100 0.0693~0.122 0.0904 02779 100 ND 0.004 0 0
PRI 0.018 ~0.132 0.061 7 0.8321 100 0.106 ~ 0.297 0.1970 0.404 8 100 ND 0.004 0 0
Tk 0.0247~0.0945 0.0573 0.357 1 100 0.069 8 ~0.258 0.1542 03936 100 ND 0.004 0 0
Fris 0.0215~0.144 0.0713 0.527 1 100 0.11 ~0.559 0.2350 0.5842 100 ND~0.004 81 0.0041 0.066 11.1
T 0.036 6 ~0.0728  0.056 5 0.3251 100 0.122~0432 02313 0.7522 100 ND~0.00873 0.0056 0.4897 333
HgFis  0.0185~0.0784 0.0376 0.5747 100 0.0971~0.769 03360 0.8539 100 ND 0.004 0 0
JEERE 0.0167~0.0739 0.0385 0.453 3 100 0.0575~0.221 0.1477 03577 100 ND 0.004 0 0
TREFF 0.0258 ~0.0674 0.0451 0.474 4 100 0.307 ~ 0.821 0.5395 04331 100 ND 0.004 0 0
SEACHT 0.0112~0.0814 0.0428 0.564 9 100 0.0707~5.76 0.8191 1.8733 100 ND 0.004 0 0
2P\ a8 0.0203~0.0567 0.037 3 0.329 1 100 0.0739~0.504 02867 0.9547 100 ND 0.004 0 0
VG TR 0.0306~0.0902 0.0536 0.453 7 100 0.241 ~ 1.06 0.5015 0.6648 100 ND 0.004 0 0
24 MERRELFERIBIGHN T 60kg B & :Pb h 2.62 pg/(kg+d) (Ps=9.00).Cd 7 1.90 ng/

H 5¢ WAL EIH 20K, SRATERG R 21/
A AR ERIRMRREG L RE RS RONE
ih 4R (JECFA/EFSA)HEFE T BT R e S 2 515
PLFRET . Ph LLLE 28 & & 8 7% BMDLs[0.5
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As T EREBICTHL As FHFTITAL, AEIMIREL. Cd s
Hg JCHL As. & Cr 23 5% HIXT 1 JECFA/EFSA filt
ESREE HQ, 25N 6 FiR , A H #4252

(kg +d) (Pss= 9.75).Cr 2} 2642 pg/(kg +d) (Pos=
69.67) Hg H 0.33 pg/(kg-d) (Ps=0.33) . As i 3.92
wg/ (kg+d) (Ps=7.55);Cd -3 HQ=2.38(>1) .Pb }
¥ MOE=0.19(<100) , ¥ AF7EVE AL KU , Cr As
Hg 1 HQ<1, XK T 2252 . 15 Y48 BT R, {038
AT N D LR A5 YR B 4. L (BS54 ), HoA A
VR o RN AT e . WAR T,

F 6 LIETTE R ST MG RE ST 45
Table 6  Dietary exposure and risk assessment results of nuts and seed foods sold in Jiangxi Province

B Pys
TLZK H 2555 it F B s HRGEE S HQ/MOE G T
JLEZE T (me/ke) H B Pu(me/ke)  FRT Rpe/ke-d)] T VI HQ/MO U P

[g/(kg" )] (mg/kg) (ng/ke)

Ph 0.031 2.62 78.6 0.108 9.00 270.0 0.190 (MOE) (e TEAdHE XU
Cd 0.023 1.90 57.0 0.117 9.75 2925 2380 (HQ)  AETEITEM RIS
Cr 0.317 26.42 792.6 0.836 69.67 2 090.0 0.004(HQ) KU AT 57
Hg 0.004 0.33 9.9 0.004 0.33 9.9 0.580 (HQ) DA AT 257
As 0.047 3.92 117.6 0.091 7.55 226.5 0.650 (HQ) AR ] 4257

F7 A TTERIESHISEN T Ph.Cr.Cd Hg As 15 YT 258

Table 7 Evaluation results of lead, chromium, cadmium, mercury, and arsenic contamination in nuts and seeds sold in Jiangxi Province

e LSS TR WL YE WP LTS AT
Pb Cr Cd Hg As g YLFREL ax
SHEPN 0.11 0.22 0.011 0.08 0.08 L= 0.41 HIE
B 0.14 0.09 0.021 0.08 0.03 LR 0.47 THIE
EALR 0.13 0.20 0.100 0.08 0.12 iR 0.27 T
Tk 0.17 0.15 0.008 0.08 0.12 LR 0.67 HIE
R 0.28 0.24 0.032 0.08 0.14 LR 0.49 i
AT 0.15 0.23 0.190 0.11 0.11 LR 0.32 THE
SF R 0.16 0.34 0.007 0.08 0.08 LR 0.56 e
JEE 0.13 0.15 0.013 0.08 0.08 e 0.37 T
JREHT 0.18 0.54 0.013 0.08 0.09 L7/nE 0.59 HIE
ZEALKT 0.16 0.82 0.190 0.08 0.09 LR 4.10 G Y
T JIOFF 0.09 0.29 0.008 0.08 0.08 LR 0.69 T
i)\ 0.16 0.50 0.019 0.08 0.11 LR 0.76 ViR
3 i i Hi 100% , Pb il Cd 6 58 60%, &R 5T

ARG 1L T B SR ROk 28 Hh A
SIEATT AL SRR . S5 R, Cr Fl As £

SN TR AR R S A He 46 R4V 2.02% , 5
HARK AR SR U5 R B AR E — 3k BRI e o R
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