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Abstract: After digestion of food samples with a double-control heating and digestion instrument, an atomic absorption
spectrometer was used to measure the concentrations of various metal elements in the solution, including Cu, Mn, Zn, Fe,
Pb, Cd, and Cr. To verify the scientificalness and reliability of the digestion procedure, analyses were performed on blank
samples. Digestion temperature and time were optimized. Nitric acid recovery and the reliability of the proposed method
were investigated. The results showed that this digestion method had the advantages of low baseline value, high accuracy
and short time of digestion and deacidification, greatly improving the accuracy of analytical results and analysis efficiency.
At the same time, more than 70% of nitric acid could be recovered during the analytical process, reducing air pollution.
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Determination of Multiple Elements in Food by Double-Control Heating and Digestion-Atomic Absorption Spectrometry
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Table1l Contents of Cu, Mn, Zn, Fe, Pb, Cd, and Cr in blank samples
determined by atomic absorption spectrometer after double-control
heating and digestion
T i WETHE A

R HBYmL (ng/mL) W2 1%
i 32 25 0.043 7.5
i 32 25 0.062 6.5
B 32 25 0.093 9.4
B 32 25 0.084 9.9
i 32 25 0.078 9.8
] 32 25 0.002 3 8.6
b 32 25 0.093 9.6
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Table2 Results obtained for digestion times and acid consumption at
different digestion temperatures as well as deacidification times

S IR WARINE TR Pz
(PRI AR /'C A /mL AAF/mL  iA)/min Y [A]/min
200/150 5.00 4.85 45 22
180/160 5.00 4.90 41 26
160/170 5.00 4.80 37 31
140/180 5.00 4.70 35 35
120/190 5.00 4.75 32 40
100/200 5.00 4.60 33 43
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£3 FMAFEHRENXRER (n=12)
Comparison of analytical results obtained using the proposed
method and hotplate west digestion (n = 12)

Table 3

_ . DESTFME, (mg/kg) bRz, (mg/kg) AR BRE 22/ %
AJrik SR KO IR AU wEEE

4 33 3.2 +0.2 +0.3 6.3 10.2
i 13.1 13.1 +0.2 +0.5 1.6 3.8
B 21.2 21.3 +0.3 +0.9 1.3 43
7S 7.4 7.3 +0.2 +0.8 25 10.6
#0077 0.080 +0.005  +0.012 6.2 14.5
i) 0.12 0.13 +0.01  +0.02 6.9 143
& 0.091 0.092 +0.005  +0.011 5.0 12.1
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Table4 Accuracy and precision of the proposed method
iz FrEAe/ W FE, kw2 A bt
(mg/kg) (mg/kg) (mg/kg) i 2£1%

il 2.7+0.2 2.6 +0.2 7.2
i 18.74+0.8 18.4 +0.4 2.1
B 26+2 26.5 +0.3 1.3
B 98+10 96 +36 3.8
Y 0.194+0.03 0.19 +0.01 7.9
i 0.035+0.006 0.036 +0.002 5.1
i 1.84+0.3 1.7 +0.01 7.1

WEMBRMBRIRIEE (EEMPO NEREE (T2
IH#O e 140 “C/180 °C, H 1.3 175K 5 Y i 77 218 i
E Z AR AT RE (GBW 10014 [ F3%) , W12 IREH
SEEG, PR T IR B A S A DA R
BEL B B WL BOCRINE, REBFERRENTER
FI& R, i IEn BAREE . R4ELW: Frillc RS EE
BIVE AR HE(EYE I, M AR HER 22 /N T10%, 45 3tk
T P AR 2 FE 7 B BT 2R o
24 JHARRIEICR

Bl IR E CREMHO EE % EN150 C. 4



150 2016, Vol.37, No.08

E6mild=

XRS5 53 B

BBEEL100. 120, 140, 160, 180, 200 C#RE
FE, BARKI O SES, 4 kAT 6 4H S5 46 4% 11 I A
WAL, ALK RKEL, BMELHREMN
i10.250 0 g, & MIA5.00 mLEIREER, #%1.3. 1754 &
TH AR 7 VETE ARAE W FERE SRR SE RS . B I =
HEEPABBCENRBE, S5MAKHEGR =
(5.00 mL) FHERAEAS 2 T & AN 5 5 5250 19 2 R [0 Ui
o BIIRM: THARBRIC B2 BE 5 R R R FE 1) T s
A%, SRR TET 1%~ 87 % (1]

90+
it

[ /%

~
[=}
T

60 L L L L ,
100 120 140 160 180 200
EIC
Bl REXNERRECERDE R
Fig.1  Influence of deacidification temperature on the recovery rate of

volatile acid
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Analytical results for the determination of metal elements in
several food samples

B iz bR R FERORE PRRSES iR AR
Y (ngmL)  (ngmL)  (ngmL)  (mgkg) ECE% %

Table 5

il 1000 71.2 1094 0.89 102 25
i 1000 96.0 1136 12 104 31
B 1000 392 1368 49 98 5.7
RSB 1000 416 1375 52 96 52
il 10 2.80 12.45 0.035 96 43
i 1 1.68 271 0.021 103 48
% 10 4.96 15.36 0.062 104 58
i 1000 48.0 1082 12 103 33
i 1000 300 1345 75 104 21
2 1000 220 1206 55 99 49
GG 1000 304 1283 76 98 54
i 10 1.76 11.34 0.044 96 48
%ﬁ 1 176 275 0.044 99 5.7
% 10 232 1272 0.058 104 52

BE bR BRRE RPETUNRRES REAEE bR ADRRRAE
H A (ngmL)  (ng/mL)  (ng/mL)  (mghkg) FUCRI% (R%E%

il 1000 52,0 1091 13 104 36
i 1000 124 1015 031 100 52
B 1000 604 1658 151 105 37
BER % 1000 416 1467 104 105 45
%& 10 3.40 13.30 0.085 99 3.0
L 1 3.00 405 0.075 105 34
i 10 3.56 1336 0.089 98 23
il 1000 696 1721 174 102 22
& 1000 3284 4319 82.1 104 14
2 1000 1996 3032 499 104 38
Bk 1000 5480 6453 137 97 41
HE 10 720 17.30 0.18 101 56
i 1 6.00 7.02 0.15 102 39
i 10 9.60 1933 0.24 97 42
3

TR H, B bR S TS g B BT AR DA AR
PR B A5 A S o M R S A A P T ) G E  R )
o WALHARE NS LRITEZENE, 8% T ERE
WSS E A, STl afE R0E g, W
T IREETE R R SRS g, DR T 2 A
FHARFEVR BN, R 1 S0 R %

TR ST R i A . R AW L LUK
K R SEER AR S SRR E T B RIRIEE ( REmEO /1
IR E CFEMHAO 9140 'C/180 C, {HA ML A
B L, ANFRIRE SIS 2 K, i R 2K
FE AR, AR, HRFEART R,
X AT BRI AT R A BB, DUR B B AR IR
FF, PEETHMR R TAERCE.

SEIGSE RO, VA A BRI R R, T R
FERRER, TAFERCRTE . AW TR RE S AR R 4>
AT AR, RTG T RAUF IR R AR, (s
B A At R AR R o o R I IR [0 20 3R AT 00V A A
3, QISR R TAERE R, U5 2 I Ao P R B
TR REAT RO BRI A BT 15 B s 1) R R R
L A U BAR I BRER IR E D, R AT IR R S AR
PSS, B B Ak A, DURE SR o s I JR 2 45 2K AN iy
TRFE S TH R 24

P it T A ok R 1) R P A S0 40 T 1) EE B R AR
WOOTRI R, A BT BRI 5250 25 LA s, 4
m AT ORI B . TERE S TH AR B, TH AR IR T FEEL
N, TR R B R AT IR E RS, 2
MAGATAE, HAEE RERAZH, Bl NRE,
R BRAEEZ Ve T IR E A BRI, AT DL KR B
DT IGF &, PRS0 2 A

BeAh, KHILLK, FE ST AR R B R A T R T



P e Bmiltz 2016, Vol.37, No.08 151
KEHESMEYFATHHR, ™EGRERKEAE, —H [12]  TH, W23, B, 5. ICP-AESIEMN & B & i it 75 K 0.
TN L - TR TR, 2008, 15(4): 34-40. DOI:10.3969/j.issn.1006-
Rl Pk . ST ] AT o @: jissn
R BES A T AT RN T 1%~ 8T R HITHMRER, KWK TH 3y ke, BER, (18, 5. 75 % LI HREICP-AES T 7
ES AR R HCE, BRI IS TS e R . B Sl 56 ﬁy\ifﬁ 2009, 29(8): 2254-2257. DOL:10.3964/j.
issn.1000-0593(2009)08-2254-04.
SRR [14]  fTEHR. ICP-ABSTA(ETC R T IHARF YR THAR D], #HL Tk
- ) 241, 2006, 34(1): 48-50. DOI:10.3969/j.issn.1006-4303.2006.01.012.
1 ‘ljéz;lz GB 5009 12 2010 g EP{E)'LE/]B[ S :“:/?\ EP.* /EH&' [15] Eﬁﬂgﬂ(, {Fﬁi, TWE’E, % #Jﬁ4\|ﬂ%§ﬁ?£4\lﬂ%&ﬂ‘ﬂﬂﬂ‘]l€?
! JiAt, 2010 " HUHS] ! AESH JFUC &R AT (0], S6iE 2= 56 1% 4017, 2014, 34(2): 553-556.
o . . . DOI:10.3964/j.issn.1000-0593(2014)02-0553-04.
S 123— i RS I E [S]. bR it
(2] i;z ;301?)/; 5009.123—2003 £ i FIIIE [S). dbat: o E AR HE (6] XIF. HEf, #5055, ICP-MSTER L 76 24 H s A ], 4
. 4 R RN TR, 2011, 2(3): 83-87.
3] J;?ﬁ GB/T 5009.15—2003 ¢ dhHHHGIE(S]. JLst: itk (7] XUBRE, #9640, 250, 2. LA-ICP-MSTEHFRER 762 4B
#L, 2003. FHIIL. RIS, 2013, 58(36): 3753-3769.
[4]  PA#E. GB/T 5009.13—2003 £ dh HH (1 [S]. Abat: o E brvk (18] AV EFRE (R I, GB/T 22105.1—2008 - f - 245K
ti i, 2003. SR MR R s LRI ErS). b
[5]  PA#E. GB/T 5009.90—2003 &gk, 8. #RAME[S]. dbat: e R ERRHE R AL, 2008.
o = b R A, 2003. [19] AR BLARIFE DT, GB/T 22105.2—2008 +-3E/7 & MK
[6]  BAE#B. GB/T 5009.14—2003 £ 5k f&F (Il E[S]. Jbat: d EbRitE SR RO R IOGI B RS R S sz [S]. Ak
HRAL, 2003. e R ERRUE R AL, 2008.
(7] BESEE, FB %, B2l (TR -1 S B TR A2 3 [20] AV FRIASTORAFRIFALIIAT. GB/T 22105.3—2008. L3R BK.
AN SR BB, 2015, 40(3): 301-304. %ﬁﬂ;ufuﬁﬂgf?mmﬁ S L BT IES). b
(8] ?%zmﬁ WER, EEZL EREHBPESBE . FHs R i i i, 2008
WET]. f SR 57K, 2015, 36(4): 145-148. DOI:10.3969/ (21] gé f;ﬁ iujk{:j]gu;%jz)ff%giﬁi lﬁDito{lmllg /1232);2
J.lssn.1005—6521.2015404.037. jissn£062 03”56 01500077 ) : o
T BE L AL qig o ) g S B e - S 38ifz ‘\L: b
[91 F’Jl?;%, PUE N ﬁ"ff%, TJ‘:jI%JXF/Hﬁ* 38 B SR AP TR IR SO B ARG U DL (221 BB, FRALf A S ﬁuu*ii)ﬁmﬁ AT A
FAHIRSLI. TR HRELLIR), 2014, 27(1): 76-79. H’JJ&E&%FH}[J a2 A T R I 4R, 2014, 5(5): 1270-1278.
(101 F/h&, MHRHE, £, 4. ICP-AESIEIE MERH 8. 6l (23] EEHE, B ﬁuuﬂfﬂﬁjiﬁﬁ%ﬁiﬁiﬂuE@ﬁﬁmﬁﬁﬁ?‘ti&%m.
. #7CR ] JTHALT, 2015, 43(3): 125-126; 140. DOL:10.3969/ LHCRALELE, 2014, 42(18): 5962-5965. DOI:10.3969/
J-issn.1001-9677.2015.03.046. j.issn.0517—6611.2014.18,091
[11]  ZRVL. R & 58 TR R T RS o i o Fe ik e (1. 1 [24] X)uibu%ﬂiﬁﬁﬂ‘x t1[E, Z1.201320192003.0[P]. 2013-10-02.
KR E R, 2010, 17(4): 1-6. DOI:10.3969/j.issn.1006- [25] i, AL — ol SR R AR T AR OB 2 7 R,

446X.2010.04.001.

ZL201420297633. 9[P]. 2014-06-04.





