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The ultrasonic extraction method was adopted, with nitric acid solution as the extractant. By systematically
optimizing key parameters such as the concentration of the extractant, ultrasonic time and temperature, inductively
coupled plasma mass spectrometry was used to detect 13 kinds of metallic elements in edible agricultural products.
Results Comparative analysis with GB 5009.268—2025 National food safety standard-Determination of multiple
elements in foods showed that ultrasonic extraction with 20% nitric acid at 55 °C for 20 minutes effectively extracted ten
heavy metallic elements, such as sodium, magnesium, potassium, calcium, cadmium, arsenic, lead, copper, manganese and
zinc from agricultural products. The extraction efficiency was comparable to that of the GB 5009.268—2025 microwave
digestion method (the ratio between the results of ultrasonic acid extraction and those of the GB 5009.268—2025
microwave digestion method was between 0.8 and 1.0). However, the extraction efficiencies for aluminum,
chromium and iron were unsatisfactory. Conclusion This method is suitable for rapid detection of most heavy
metallic elements in agricultural products, offering advantages such as high efficiency, energy savings and low
pollution. Nevertheless, and it is not applicable for quantitative analysis of aluminum, chromium or iron.

KEY WORDS: ultrasonic extraction; metallic elements; agricultural products; inductively coupled plasma mass spectrometry
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(PH)JE MR E 5.00 mg/L), Hi(Cu). (Mn), B (Zn)(Fi
HeJ¥ 50.0 mg/L). #k(Fe). F(AN(FREFEWE 500 mg/L),
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IR B BRARHE BT 0], NARTS MR [#8(Rh) . BT(Sc). %k
(Re) . #(Ge)(JTHEHEE 1000 pg/mL), FEFA (4 )8 M+
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HEAT 5 ARAL S5 AR v SRR HiT & T 60 °CHUA 4 he
SR FH A TR V5 YA by i R DR o PR AIE 22 7 B
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HER AR B PR B3 RE 0.1 g F 10 mL &4 9, Jn
AR BE AT RVA . 5 mL Jm, THE B T A i
FEEPLL 100%T KB =48 — Bt ). BB A H S @
4K EZSE 10 mL, T 8000 r/min %53 T 5.0 5 min, BH
WG 0.45 pm JEAKS EALINE . FIEHEGRH 2 M .
132 Bk g

HERI AR B FRT 1iaRE 0.2 ¢ TN, A 5 mL
AR, INEEHCE | h R R, ST, AR L
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Table 1 Working program of microwave digestion

pem TR/ RAERE) ezt & TIES]
min min R /°C w
1 5 5 120 1200
2 5 5 150 1600
3 5 30 190 1600

1.3.3 ICP-MS % #

ICP-MS WEETHESHILE 2, FE&RBITEEE
B R PR TC R LR 3, ANES s R SE A Rk Al
T 0 ith S AL 15 min, S5 3l KR 1% BRIV TR
Uk 10 min, BEEH 1 pg/L IEBE BRI TR, 8
T 5 AT ST R UR T o

=2 ICP-MS BHWEETEEH

Table 2 Main working parameters of ICP-MS instruments

SH B SH HE

SR E/W 1550 s ”L'"*(%rgii%/ 0.3
FHIEUR s ppm R0z
(L/min)

S & /(L/min) 0.8  SREFHE/FUE A4
4 Bh S R B /(L/min) 0.8 KFEVRE /mm 8
A /(mL/min) 5 FRUAETIN 52 A5 B 3

AL E R/ °C 2

=3 FEMIRKARTERERE

Table 3 Selection of isotopes and internal standard elements

TR Jriviid=a WHRITTHR
Na 23 4Sc
Mg 24 3¢
Al 27 *Sc
K 39 *Sc
Ca 43 4Sc
Cr 52 4Sc
Mn 55 +Sc
Fe 56 *Sc
Cu 63 Ge
Zn 66 Ge
As 75 Ge
cd 111 1%Rh
Pb 208 '85Re

1.4 FIEAIE

AW B LI BG4 WPS Office Excel 2025
HATGE o M AL B, PR ] WPS Office Word 2025 il
2%, WPS Office Excel 2025 #1744 K,

2 HER5HH
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PEY 5T S5 RE IR FR TH AR, o R e 3R AR LA B8 5k
RGP A= WANE SR abeed B 3 2 22 N LS p AL
PR 0 R 2 A R BGRI B . 875 B e 75 B
(B % J7 10 o R FH b #E 90 5% - [GBW10051] . # 8 |
[GBW10047]3E 478 A $2 AR AR AR AL 5256, DAAE X 4R %
(BB FE PR FE I -ICP-MS I 7 {555 B S - ICP-MS Ml {5
L) R FRBR, 255N [ B8 IS5 A4 e ) e 225 SR R S 0
2,11 IR AT IR IR G R0h

AR LT PEBGNAE RIS R X 13 FhoT & e
PRI A, [ BB A2 30 min, 8RR R
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80 °C, 43 BIRHAAREIMEE 0%, 0.5%. 1.0%. 2.0%. 5.0%. #AFILEM Na, Mg, K. Ca, Cd. As. Pb, Cu, Mn,
10.0% . 20.0%. 50.0% F) i i V2 W T i RE A T . 32 FR Zn, Fe MUFIXHEBCREFEAT] 0.8 DI L, HHIUUREED

1.3.1 FiE4eAE, % IR BRUK 2 K ICP-MS (U AR 2ERE &
SRR, HARA 10.0%. 20.0%. 50.0%f R 1A R HEH
FIARE A TE | HLET 20 B R 4K 7 B S BR W AR T 5%,
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AR, A 3 ROPATIER, BOFME. RNRVEE R
BRI AR E ) B IF[GBW 100511, #1# N [GBW10047]
FARFEEICENRIEE R IR 4 %k 5, HXRAE T
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Table 4 Extraction results of different elements in the standard material pig liver [GBW10051] using nitric acid solutions of
varying concentrations (mg/kg)

AT R T P Al D R B B

TCE LR BT R
0% 0.5% 1.0% 2.0% 5.0% 10.0% 20.0% 50.0%
Na 1480.015 1493.034  1486.474 1503235  1487.344 1579.854 1650.314  1697.211 1630.344
Mg 382.231 597.278 602.223  600.147 596.035  639.178 622321  627.078 630.278
Al 0.051 1.31 1.55 1.81 2.16 2.14 2.24 2.26 11.204
K 6516.311 6958278  7230.229  7098.238  7073.781 6973.217 6905.124  7003.235 7000.174
Ca 68..114 143.234 140.854 140.234 140.474  139.321  138.117  137.124 140.227
Cr 0.005 0.038 0.040 0.043 0.046 0.052 0.117 0.134 0.180
Mn 3.304 8.267 8.375 8.714 9.255 9.404 9.567 9.084 9.804
Fe 77213 404.447 463.234  483.781 493214  485.035 482442 478234 519.178
Cu 2.921 36.941 51.321 51.823 53.247 52.007 52.605 47.171 52.012
Zn 18.031 205.074 206.032  207.417 212231 214227 209208  211.232 211.201
As 0.911 0.895 0.927 0.925 0.956 1.187 1.222 1.265 1.304
cd 0.761 0.955 0.955 0.967 0.965 0.97 0.993 1.011 1.001
Pb 0.005 0.098 0.101 0.099 0.105 0.106 0.107 0.117 0.110
=5 ARERIREMBERAFEIEMRAZE MNGBW10047]+ A [E T RAVIZEZE R (ng/ke)

Table 5 Extraction results of different elements in the standard material carrot [GBW10047] using nitric acid solutions of
varying concentrations (mg/kg)

—— I [F) Rk B8 T 7l B AR R I TR T fe
0% 0.5% 1.0% 2.0% 5.0% 10.0% 20.0% 50.0%

Na 5394.113 5605.242 5643.267 5154.272 5273.134 5254.187 5404.266 6111.417 6500.231
Mg 631.328  797.314 795287  729.236 748.478 746.465  739.712 839.456 886.234
Al 3.974 9.675 11.722 12.517 16.178 17.335 18.325 22.677 61.852
K 11240.135  11163.210 11125217  10397.278 10613.236 10430.287  10598.268 10710.278 11000.445
Ca 903.366  2080.854  2130.564  2081.741  2139.645  2100.587  2049.647 2245285 2450.054
Cr 0.125 0.244 0.269 0.286 0.275 0.273 0.453 0.466 0.900
Mn 5.764 8.478 8.524 8.831 9.447 9.205 9.351 10.232 11.112
Fe 35.078 61.324 66.524 64.874 74.564 76.712 84.025 85.458 138.332
Cu 2.524 3.067 3.145 3.034 3.402 3.376 3.374 3.527 3.935
Zn 7.362 9.473 10.555 10.747 10.965 11.385 11.215 11.265 11.205
As 0.094 0.090 0.092 0.092 0.092 0.092 0.094 0.094 0.099
Cd 0.010 0.029 0.030 0.027 0.032 0.030 0.031 0.030 0.032
Pb 0.036 0.162 0.253 0.275 0.296 0.303 0.359 0.401 0.420
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Relative extraction efficiencies of different elements in pig liver (A) and carrot (B) at

varying nitric acid concentration

2 83 Z2 A 0 2 [ B a2 0 SR LR TR XL
AIE B, AR B BRI IR B R 20% .
2.1.2 A5 Bf A S AR xSRI R 6 H A

TEEL 20%fiF BRI W AR O SR MR, [ R R R

80 °C, 4y EMARFN 0, 1, 2. 5. 10, 20, 30 min,
SR BLIBUN )X 5230 1 13 Fhon % iR R IBCR I 5
M, SEEGEE RN LK 6 M 7, X R4 0 R AT
PEBCRAE 2 FiR .

%6 AEBER AR REIFIGBW10051] 7 A [E 7T & AR BN R (mg/ke)
Table 6 Extraction results of different elements from standard substance pig liver [GBW10051] using different ultrasound times (mg/kg)

AT 7 )T P R AR U

SEAH _ _ _ : . . —_
0 min 1 min 2 min 5 min 10 min 20 min 30 min
Na 825.751 1217.235 1332.447 1440.058 1573.145  1584.565 1567.412 1630.107
Mg 249.225 459.467 430.552 574.536 621.105 641.148 639.102 630.225
Al 0.724 1.288 1.424 1.575 2.606 2.555 2.674 11.204
K 4044.212 5722.242 5314.103 5898.457 7091.120  7074.127  7157.122 7000.774
Ca 72.325 117.366 132.852 140.125 140.231 139.278 137.213 140.785
Cr 0.050 0.051 0.054 0.069 0.116 0.122 0.135 0.180
Mn 4.571 7.594 8.025 8.187 9.695 9.644 9.865 9.804
Fe 41.123 103.447 141.205 184.345 302.478 304.335 317.852 519.107
Cu 27.812 44.947 48.054 48.165 51.685 52.005 52.245 52.052
Zn 92.213 189.745 203.235 204.212 212.751 211.125 213.123 211.245
As 0.382 0.674 0.718 0.788 1.172 1.211 1.235 1.305
Cd 0.506 0.82 0.835 0.857 0.921 0.925 0.961 1.007
Pb 0.042 0.085 0.089 0.097 0.102 0.108 0.108 0.110

xR7 TRIBEMNEFEDRAZ NGBW10047]H 74 [E 7T RAVIR L R (mg/kg)

Table 7 Extraction results of different elements from standard substance carrot [GBW10047] using different ultrasound times (mg/kg)

AN [7) P )T Al O R R I

JCER AR _ _ , ; - , , Tl e i
0 min 1 min 2 min 5 min 10 min 20 min 30 min
Na 2555.415 4178.742 4237.233 4312.451 5537.202 5790.447 5843.205 6500.135
Mg 299.445 526.235 526.721 543.234 766.447 801.534 807.336 886.784
Al 2.715 5.978 6.235 7.405 11.044 14.745 14.905 61.874
K 5280.336 8203.008 8231.148 8306.456 10373.423 10655.742 10752.126 11000.457
Ca 798.321 1500.087 1631.058 1673.024 2029.087 2036.155 2048.225 2450.035
Cr 0.050 0.114 0.141 0.165 0.242 0.217 0.348 0.900
Mn 3.452 7.544 7.355 7.978 9.325 9.705 9.865 11.145
Fe 15.431 41.644 45.408 48.778 67.112 71.535 73.544 138.204
Cu 1.237 2.435 2.705 2.764 3.442 3.663 3.675 3.937
Zn 3.505 6.344 7.523 8.778 8.952 9.208 9.555 11.241
As 0.024 0.045 0.048 0.052 0.077 0.088 0.090 0.099
Cd 0.011 0.020 0.022 0.024 0.029 0.031 0.031 0.032
Pb 0.194 0.281 0.341 0.372 0.414 0.419 0.411 0.420
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Fig.2 Relative extraction efficiencies of different elements in pig liver (A) and carrot (B) at
varying ultrasonic time

HSE AT, BEE AR, 2K 48 B IrRM
PRECRIA AR RN, BRT AL, Cr. Fe3 &)@t
R, HAb 4 oo R A AIXHEBCR AL SR B A 10 min
B REIRF 0.8 DL, T AL, Cr. Fe 7E#E 7 30 min B34S
AR, BAR Cr AAEX PR IR W R, B4 b4k,
LEEH [R Z PG R RN 2 DL R i SE IR R p 5 i, I
J 60 7 A IS [R) 24 20 min.

2.1.3 A FRE ARG R

BRI 20% M R V5 W AE A SR TR0, [ 8 75 B () Oy
20 min, 435 B AR IR E O EIR(ZY 25 °C). 35, 45, 55,
65.75 °C, HESHF BN Z R ANHEBCR I, 55
BRI 0L 8 AN 9, XN A4S I K YA SRR

Bl 3 s, S5RRM, WGBS RBEET S, JTTEMH
SRR B S B, A R R i . e
55 °C'F, B& Al. Cr. Fe juE sk, HAJUFI TR MHHXTFREL
FRIFEIRF 0.8 DAl AR PR IR N 55 °C.
2.2 BEHIERRBUESHURERIERELE

SRR B AR S 2B R GB 5009.268—2025 H
T AR A BT I . R T IE | SESORIAE R
WAEH | R TSR &Ry, k. AUk
T, A BN TIR AT S P Ak 1 A P H RO vk R AR 7
RS ARE AL, SR ICP-MS M Hd iy 13 M@ ok,
25 ILE 10,

£ 8 A REBEREXREYREFIGBWI10051) 4 7 [E 7T E IR I R (ng/kg)
Table 8 Extraction results of different elements from standard substance pig liver [GBW10051] using different
ultrasound temperatures (mg/kg)

A [ P B T R P Al I R R B i

TLRAR TR T AR
25°C 35°C 45 °C 55°C 65 °C 75 °C
Na 1129.314 1304.087 1323.445 1389.457 1453.228 1506.231 1630.107
Mg 405.367 482.045 518.078 542.557 579.324 589.045 630.785
Al 1.215 1.323 1.854 2.458 2.263 2.687 11.285
K 4791.102 5408.047 5727.635 5819.527 6184.547 6436.447 7000.657
Ca 99.857 121.654 127.897 131.455 131.057 134.654 140.447
Cr 0.053 0.062 0.074 0.094 0.099 0.120 0.180
Mn 7.027 7.425 8.092 8.524 8.825 9.346 9.804
Fe 47.087 72.645 111.278 141.664 235.457 252.520 519.851
Cu 33.845 42.722 44.947 44.265 45.185 47.145 52.012
Zn 137.354 169.877 179.564 186.125 194.336 196.458 211.445
As 0.674 0.868 1.036 1.094 1.192 1.182 1.307
Cd 0.746 0.904 1.008 0.966 0.965 1.045 1.003
Pb 0.083 0.089 0.092 0.105 0.107 0.108 0.110
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Table 9 Extraction results of different elements from standard substance carrot [GBW10047] using different ultrasound
temperatures (mg/kg)
. ANTRI R 7S I BT B S B AR S I P,
T ¥ A0S - " T 2%
25°C 35°C 45 °C 55°C 65 °C 75 °C
Na 4206.334 4312.785 5149.457 5571.558 5746.025 5901.345 6500.448
Mg 529.645 601.347 682.256 772.547 786.204 827.034 886.748
Al 7.245 8.325 9.803 7.678 15.122 17.104 61.855
K 7776.344 8268.554 9266.210 9395.211 9963.277 10067.854 11000.454
Ca 1640.113 1913.781 2205.235 2259.203 2258.441 2246.270 2450.417
Cr 0.310 0.303 0.318 0.355 0.371 0.414 0.900
Mn 8.061 8.905 10.278 10.454 10.422 10.701 11.178
Fe 38.102 39.200 45.103 46.117 50.315 63.875 138.122
Cu 3.264 3.272 3411 3.664 3.732 3912 3.932
Zn 8.108 8.764 9.920 10.445 10.611 11.645 11.253
As 0.059 0.073 0.084 0.093 0.094 0.093 0.099
Cd 0.022 0.023 0.030 0.030 0.030 0.032 0.032
Pb 0.296 0.315 0.328 0.380 0.398 0.392 0.420
(A) —~Na Mg —=Al K ——Ca —Cr —Mn (B) —-Na Mg = Al K —Ca - Cr ——Mn
1.2 - oFe —Cu —7n —=As —Cd - Pp 12« Fe —Cu —7zn =As =Cd = Pb
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s 081 ! 0.8 -
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= 06} @ 0.6 f
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Fig.3 Relative extraction efficiencies of different elements in pig liver (A) and carrot (B) at
varying ultrasonic temperature
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Table 10 Results of ultrasonic extraction and microwave digestion
FEH 7 ¥k A3
HFERTIIRR Bk X @RI MO NDRR BARIIER ok XS @A ok AR
ORIk Wk WIE MGk WMy M2 RGO WMy W RRIoks wmk i
(mg/kg) (mg/kg) /% (mg/kg) (mg/kg) % (mg/kg) (mg/kg) MWMZE/% (mg/kg) (mg/kg) WZE/%
Na 2811.003  2890.014 1.4 1929.031 2014.012 2.2 44.111 45.321 1.3 25.805 26.223 0.8
Mg 611.017 630.020 1.5 234.031  258.085 4.9 14.4.023 15.602 4.0 179.011 185.211 1.6
Al 14.312 46.522 53.0 0.583 2.161 57.5 0.003 0.233 97.5 0.198 0.532 45.8
K 1989.121  2008.007 0.5 1996.235 2005.245 0.2 187.124 195.175 2.1 1201.228  1289.231 3.5
Ca 714.445 721.465 0.5 1512.414 1527432 0.5 80.105 85.631 33 64.622 65.721 0.8
Cr 0.117 0.120 1.3 0.034 0.064 61.2 0.006 0.006 0 0.006 0.006 0
Mn 2.691 2.661 0.6 2.172 2.391 4.8 14.652 15.152 1.7 55.212 52.622 2.4
Fe 36.105 87.301 41.5 42912 50.513 8.1 4.204 6.064 18.1 2.191 3.651 25.0
Cu 0.920 0.932 0.6 11.320 12.031 3.0 2.111 2.271 3.6 0.686 0.666 1.5
Zn 11.121 11.121 0 25.551 23.352 4.5 13.816 14.117 1.1 3.282 3.492 3.1
As 2.763 2.863 1.8 0.840 0.869 1.7 0.006 0.006 0 0.005 0.005 0
Cd 0.216 0.219 0.7 0.163 0.169 1.8 0.101 0.104 1.5 0.022 0.021 4.6
Pb 0.152 0.155 1.0 0.011 0.013 16.7 0.040 0.040 0 0.066 0.066 0
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