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Progress and application in the digestion technology of trace heavy metal
elements determination in food
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ABSTRACT: The digestion technology in determination of trace heavy metal elements in food was the key
step in the analysis process, which was directly related to the quality of the determination method. The prin-
ciples and characteristics of dry ashing digestion, wet digestion, microwave digestion and high-pressure tank
digestion methods were summarized in this paper. According to the characteristics of heavy metal element, ap-

plicable scope, application characteristics, the latest progress and applicability on detection instruments of var-
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ious digestion methods were discussed. This conclusion was as follows: Controlling the pollution of digestion
process and reducing the sample blank value were the key points of quality control of trace heavy metal ele-
ments determination; Sample blank values for high-pressure tank digestion and microwave digestion were low-
er than those for wet digestion and dry ashing digestion; According to the characteristics of elements, objective
of detection and sample blank values, appropriate digestion methods were selected: Determination of mercury
in food should adopt high pressure digestion or microwave digestion method; The determination of arsenic in
food should adopt wet digestion; In addition, the assessment of the quality control for the determination of lead,
cadmium, copper, nickel, aluminum and boron in food or the background value determination could adopt high
pressure tank digestion and microwave digestion, and daily test or semi-quantitative determination could adopt
wet digestion.
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Table 1 The feasibility of various pretreatment methods and corresponding blank value (ng/L)

x S 2~7 J 0~3 J 0~3

x J 0.02~0.05 J 0~0.03 J 0~0.03
v 3~8 v 1~5 < 0~3 v 0~3

x d 1~6 J 0-3 J 0~3

y 1~3 x - J 5~15 J 5~15
y 1~3 J 40~80 J 20~50 J 20~50
v 4~10 S 2~7 \ 0~4 S 0~4

3 5~10 \ 1~5 x x )

x v 0.03~0.10 \ 0~-0.04 v 0~0.04

t 1. : s s (1+1) 10 mL;
10 mL s 10 mL; : 5 mL

~1.0 mL, 10 mL 2.



1275

7 % iE

53 3k

(1

(2]

[3]

(4]

[3]

(6]

(7]

(8]

Manutseween N, Aeungmaitrepirom W, Varanusupakul P, et al.
Determination of Cd, Cu, and Zn in fish and mussel by AAS after
ultrasound-assisted acid leaching extraction[J]. Food Chem, 2007,
101: 817-824.

, . [J].

,2001, 16(4): 62-66.

Shuai JS, Wang L. Discussion on effects on human health and
countermeasures of heavy metal pollution[J]. Environ Dev, 2001,
16(4): 62—66.
Setting maximum levels for certain contaminants in foodstuffs.
Commission Regulation (EC) No.1881-2006: European Union,
2006.
GB 2762-2012 [S].
GB2762-2012 Maximum levels of contaminants in foods[S].

[M]. ,2010.
Teng W, Liu Q, Li Q, et al. The hazard and risk assessment on
heavy metal pollution of agricultural products [M]. Beijing:
Chemical Industry Press, 2010.
[J]. , 2013, 23(1):
248-251.
Hu SG, Liang CS, Cai WH, et al. Quality Control of Trace Lead
and Cadmium Determination in Food Safety Risk Monitoring[J].
Chin J Healthy Lab Technol, 2013, 23(1): 248-251.
[M].

,2009.
Wu YN. Pollution monitoring and control technology of food
[M]. Beijing: Chemical Industry Press, 2009.

5 >

. ,2010, 1(3): 118-123.

9]

[10]

[12]

[14]

[15]

[16]

Chen C, Song YH, Gao XQ. Dry and wet digestion determination
of Aluminum content in laver[J]. Food Safed Qual, 2010, 1(3):
118-123.

[J]. ,2013, 25(9): 93-94
Zheng H. Dry digestion ICP-MS determination of Aluminum
content in Youtiao [J]. Zhejiang J Prev Med, 2013, 25(9): 93-94.
s . [J].
,2013,20(7):11-14.
Zhou GH, Miao Y, Aluminum Content in the Flour QC Found to
Affect the Determination of Factor Analysis[J]. Guangdong Trace
Elements Sci, 2013, 20(7): 11-14.
) ) / -
[J]. ,2011,22(2): 61-64.
Bian JH, Zhang XW, Ni WW. Determination of aluminum in
flour products by microwave digestion/dry ashing spectrophoto-
metry[J]. Chem Res, 2011, 22(2): 61-64.
() (M].
, 1993, 169-170.
Food Hygiene Association. Handbook of food hygiene inspection
physicochemical examination[M]. Tianjin: Tianjin Science and
Technology Translation Press, 1993, 169—-170.
GB/T5009-2003 [S].
GB/T 5009-2003 Food physical and chemical examination test
method [S].
[J]. ,2014, (03): 7-12.
Wei JZ, Duan N. Dry Digestion and Wet Digestion-Graphite
Furnace AAS to Measure and Compared the Lead and Cadmium

in Tea-Leaves[J]. Guangdong Trace Elem Sci, 2014, (03): 7-12.

[J]. ,2001, 2: 33-37.

Lu L, Wu WF. Determination of Cu, Pb and Cd in Fish by Atom-
ic Absorption-Comparison between Sample Preparation Methods
of Dry Ashing and Wet Digestion[J]. Aquatic Prod Heilong River,
2001, 2: 33-37.

[J].

( ), 2010, 29(4): 367-372.

Song HQ, Hao YB, Wu YC, et al. Comparison of Wet, Micro-
wave Digestion and Dry Ash Pretreatment Methods for the De-
termination of Total Arsenic in Seafood by Atomic Fluorescence
Spectrometer[J]. J Zhejiang Ocean Univ(Natural Sci), 2010,

29(4): 367-372.



1276

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[J]. ,2012, 40(7): 3980, 3996.
Jiang CQ, Wang L, Liao Z, et al. Study on the Determination of
Ash in Tobacco by Microwave Muffle Furnace [J]. J Anhui Agric
Sci, 2012, 40(7): 3980, 3996
- [J].
,2012,2: 451.
Zhou YJ. Determination of aluminum in Deep-Fried Dough
Sticks by Microwave Muffle Furnace spectrophotometer [J].
Chin Rural Health, 2012, 2: 451.
[J1. : , 1991, 27(1): 52-53.
Sun RL. Determination of mercury in soil sediment and water by
cold vapour atomic absorption spectrometry -Improvement of
digestion[J]. Phys Test Chem Anal: Chem Anal, 1991, 27(1):
52-53.
[J1. ,2003, 12(1): 1-3.
Ding ZH, Wang WH. Effect of digestion on measurement of total
mercury in topsoil [J]. Ecol Environ, 2003, 12(1): 1-3.

1. , 2000, 10(4): 442.
Li DH, Lu H, Zhang XW, et al. Determination of Mercury in
Hair by Hydride Generation Atomic Absorption Spectrophoto-
metry[J]. Chin J Health Lab Technol, 2000, 10(4): 442.
Dias Fonseca FR, Malm O. Francine waldemarin. Mercury levels
in tissues of Giant otters(Pteronura brasiliensis) from the Rio

Negro, Pantanal, Brazil[J]. Environ Res, 2004, 11(8): 1-4.

J1. ,2007, 24(3): 42-44.

Li J, Zhou LP. Effect of digestion methods on measurement of
total mercury in fish by hydride scneration-cold vapor AASI[J].
Stud Trace Elem Health, 2007, 24(3): 42—44.
Swami K, Judd C D, Orsini J, et al. Microwave assisted digestion
of atmospheric aerosol samples followed by inductively coupled
plasma mass spectrometry determination of trace elements[J].
Fresenius J Anal Chem, 2001, 369: 63-70.

> . - [J].

, 1991, 3: 56-57.

Min JH, Ma GW. Investigation on digestion methods for biolog-
ical samples with nitric acid-Perchloric acid [J]. Stud Trace Elem
Heath, 1991, 3: 56-57.

> >

[7]. , 2013, 34(10): 177-179.

[27]

[29]

[30]

[31]

[32]

[33]

[34]

[33]

Qu MH, Tang FB, Ni ZL. Research on the Pretreatment Methods
for Determination of Total Arsenic in Food by Atomic Fluores-
cence Spectrometry [J]. Food Sci, 2013, 34(10): 177-179.
Abedin MJ, Cresser MS, Meharg AA, et al. Arsenic accumula-
tion and metabolism in rice (Oryza-sativa L.) [J]. Environ Sci
Technol, 2002, 362: 962-968

[J]. ,2011, 28(06): 30-32.
Qi P, Zeng T. Affection of Digestion Methods on the Determina-
tion of As in Shrimp by Hydride Generation Atomic Fluores-
cence Spectrometry[J]. Stud Trace Elem Health, 2011, 28(06):
30-32.

[J]. , 2007, 24(7):
42-44,
Li J, Zhou LP. Effect of Digestion Methods on Measurement of
Total Mercury in Fish by Hydride Scneration-Cold Vapor AAS
[J]. Stud Trace Elem Heath, 2007, 24(7): 42—44.
Mohammad S, Tahir HZ. Several Affecting Factors in Digestion
Methods on Measurement of Total Mercury in Fish[J]. Anal
Chem, 1984, 1(3): 77-79.
[J]. ,2004, 10(6): 700-701.

Yang CY, Huo JX, Miao L. Determination of mercury in blood
by flow injection-hydride generation-atomic fluorescence spec-
trometry[J]. Prev Med Tribune, 2004, 10(6): 700-701.

.ICP-AES [7].

,2008, 18(8): 1519-1521.
Chen L. Determination of B and Al in food by microwave diges-
tion with ICP-AES[J]. Chin J Health Lab Technol, 2008, 18(8):
1519-1521.

. ICP-AES 1.

, 2008, 18(10): 1994—-1995.

> >

Hu XL, Huang HT, Xiao XC. Detection of borax content in food
by ICP-AES method[J]. Chin J Health Lab Technol, 2008, 18(10):
1994-1995.

[J]. ,2011,18(5): 458-459.

Liu JC, Li X. Determination of Cu in milk by high pressure di-
gestion-atomic absorption spectrometry [J]. Chin J Health In-
spection, 2011, 18(5): 458—459.

[J1. , 2005, 25(8): 1355-1357.
Shi J, Song QG, Zhao KL, et al. Determination of Trace Bismuth



1277

[36]

[37]

[38]

[40]

[41]

[42]

[43]

[44]

in Traditional Chinese Medicines by Hydride Generation Atomic
Fluorescence Spectrometry[J]. Spectr Spectr Anal, 2005, 25(8):
1355-1357.
[J]. ,2001, 21(6): 886—888.

Yang Y, Zhou XL. Applicaton of Digestion Pot of HP Hermetic
Seal in Sample Pretreatment in Spectral Analysis[J]. Spectrosc
Spectr Anal, 2001, 21(6): 886—888.

, . [M].

,2006: 25-33.
Zhou TZ, Zhou H. Atomic Spectrum Sample Processing Tech-
nology [M]. Beijing: Chemical Industry Press, 2006: 25-33.

s s s

[J]. ,2008, 28(12): 1-6.

Pan W1J, Jin XZ, Chen JG, et al. Determination of B, Ti, Zr, Nb,
Sn, Sb, Ta, W, Pb in low alloy steel by high pressure diges-
tion-inductively coupled plasma mass spectrometry[J]. Metallurg
Anal, 2008, 28(12): 1-6.

, . - [l

,2012,9(17): 2158-2159.
Gao J, Zhang ZJ. Trace Determination of Mercury in Food Using
High-Pressure Digestion Coupling with Atomic Fluorescence
Spectrometry[J]. Lab Med Clin, 2012, 9(17): 2158-2159.
[J]. ,2012, 10: 6-7.
Xin YZ, Wang B. Determination of Pb, Hg, Cr, As in Dairy Us-
ing High-Pressure Digestion[J]. Life Sci Instrum, 2012, 10: 6-7.
Welz B, Melcher M. Decomposition of marine Biological tissues
for determination of As, Se and mercury using HG and
CVAASE[J]. Anal Chem,1985, 57: 427-431
Palmer CD, Jr MEL, Geraghty CM, et al. Determination of blead,
cadmium and mercury in blood for assessment of environmental
exposure: A comparison between inductively coupled plas-
ma-mass spectrometry and momic absorption spectrometry[J].
Spectrochim Acta Pan B, 2006, 61(8): 980-990.
Zimmer H, Ludwig H, Bader M. Determination of mercury in
blood, urine and saliva for the biological monitoring of an expo-
sure from amalgam fillings in a group with self-reported adverse
health effects[J]. Int J Hyg Environ Health, 2002, 205: 205-211.
s . [J]. , 2008, 22(2):

58-60.
Luo YL, Ni HY. Discussion on Microwave Digestion[J]. Tianjin

Chem Ind, 2008, 22(2): 58—-60.

[45]

[46]

[47]

(48]

[50]

[51]

[52]

[53]
[54]

Ernst E. Toxic heavy metals and undeclared drugs in Asian her-
bal medicines [J]. Trends in Pharmacol Sci, 2002, 23(3): 136.
[J].
,2001, 11(4): 406—408.

Liu H. The Technical Application of The Method Breaking Down
The Food Sample in Tne Special Microwave Oven for Analyzing
Microelement[J]. Chin J Health Lab Technol, 2001, 11(4):
406-408.

, , . [J1.

,2010, 27(3): 953-957.
Zhang L, Wang XY, Li B. Application of Microwave Digestion
Technology in Metal Analysis[J]. Chin J Spectrosc Lab, 2010,
27(3): 953-957.
[J]. , 2004, 24(2): 32-36.

Zhou YY, Gu XX, Fan GQ, et al. Application of Microwave Di-
gestion in Analytical Chemistry[J]. Metallurg Anal, 2004, 24(2):
32-36.

8 [3]. ,
2012, 3(2): 120-123.
Deng QD, Li ZC. Microwave digestion-inductively coupled
plasma-atomic emissions spectrometric determination of eight
elements in canned food[J]. Food Safe Qual, 2012,
3(2):120-123.

, > s -ICP-MS
[J]. , 2012, 3(5):

502-506.
Liang WIJ, Mei CF, Chen J, et al. Determination of lead, arsenic,
cadmium and chromium in tamarindus concrete by microwave
digestion system and inductively coupled plasma-mass spectro-

metry[J]. Food Safe Qual, 2012, 3(5): 502-506.

> 5

[J]. , 2013, 4(4):
1161-1164.
Xu MW, Chen L, Zhao Y. Detection of zinc in meat products by
microwave digestion-flame atomic absorption spectrometry[J].
Food Safe Qual Detection Technol, 2013, 4(4):1161-1164.
Damkroger G, Grote M, et al. Comparison of sample digestion
procedures for the determination of arsenic in certified marine
samples using the FI-HG-AAS-technique[J]. Fresenius J Anal
Chem, 1997, 357: 817-821.
TUPAC. TUPAC Compendium of Analytical Nomenclature[S].

[J].



1278 5

ﬁ"ﬁr
( ), 2003, 21(4): 349-350. fEE BN
Du JX. Clarification Paper on Detection Limit, Determination .
WX, HEWRE, Bl EEHIT,
TEMRAFODARBREERFHXENR
s,

E-mail: tony_hsg@163.com

Limit and Detectability of Analytical Chemistry[J]. J Guangxi
Normal Univ, 2003, 21(4): 349-350.

(UAE % 8 X #%)

“ThREE R MR EREIER

3 ”

2014 6
2014 6 10 Email

BwAN:
www.chinafoodj.com

Email tougao@chinafoodj.com
(R 22T EARNFIRY) %43



