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M HBR- RERFREZNELTHFEHHETERE

¥ M,k FLEAK,ZEFT,RHERS
Q. EZFEXFSEHERARA, T)E 1000382 BAEEH TR LS, & K 400016)

# E:BH ZimEFNM-XKBRTAKEEMNANLTFEABELEIGORAFT EHAS A AL, AE BERR
A JE 24 2 g #) Multiwave 3000 B EHE R HE AR A BT FR. G B £ 4FELFHTHANB, FRAXRBE
FRAKENEZAZNSCE., RATREORAZPH AN ET AN BENBLTEROYA, R ERESGHRKEZ HNO;-
HO ¥, 3 RBIAH 3 1. BMEMRZARILD 4 3 HEFMANHHRAD dmin g 4T, HHARESE, ARFHTHAT X
K RFHEMMEFEMERAFTEFRN. AT AREFELEA TR EBEN 3. 13U ~4. 8%, K KEA THBIKREL
96.17%~103.38% ., S A X ELREENARXREHFG>0.999 8), FHit MEFFLESXKBRATFAKENEZLFREL
L RARE MR EF CEATHE, ESBAAN,
REHE:BRTRMGH T M THRELE
R4 %S :R446;R454. 1;R592. 6 - ERARIREG A XE S :1671-8348(2008)04-0382-03
Determination of trace elements in human milk by Flame Atomic Absorption Spectroscopy with Microwave Digestion
LUO Yang ,ZHANG Xue, TANG Yuan-lin ,et al.
(1. Department of Laboratory Medicine , Southwest Hospital ,the Third Military Medical University of PLA,
Chongqing 400038,China;2. Logistical Engineering University of PLA ,Chongging 400016 ,China)
Abstract ; Objective

troscopy with microwave digestion. Methods

To establish a method of quantifying main trace elements in human milk by flame atomic absorption spec-
A microwave digestion method was developed for the determination of Cu, Zn,Ca,
Mg,Fe and Mn in human milk, using the Multiwave 3000 microwave sample preparation platform system,and these trace elements
were quantified by flame atomic absorption spectrometry after microwave digestion. Then the digestion solution and digestion time
were optimized before detection. Results We got satisfactory analysis results with the average recovery varied from 96.17% to
103. 38% ,the CVs of imprecision were in the range of 3.13% —4. 98% and the correlation coefficients of the linearity were over

0. 999 8 under the optimized analysis condition. Conclusion All these results prove this procedure to be a rapid,simple, economical

and convenient method in quantifying trace elements in human milk.

Key words: AAS; human milk;microwave digestion;trace elements

BAREGIIBEARNERRE, cER2HINEAFT LR
PREERELEENER. BARESE . MEESE B K
HEYRHEKPBBEESTEILNERTEY ., SEMML,
BASERENELRE A CCHEBAF AR RNBE T
REBEL 0 B RM . 8.8 8 %% . BUEA i
L&D K A AR LAY . A SCERIRED , B R P &8k 0. 13~1.5
mg/L,BEEYHARE T4 ALEMOLPBWEE S RIF
oA GRE . B . BIREEESLPNELMBAN LY
BRAARBERNIER. AWM. 8 FAITPTHETCENTELE
HOETMMESAL T HBECEFEF S EM: 5ERET KB
MHEGEER LKA TP SR E L, NS
B, MERMAAE S SHESSYE. Hi, .
BRI ERN I PEMBECRENEERESB R
A R IR

JEF R U 63 B: (atomic absorption spectrum, AAS) & il
EEPHSTRETEERNEZAN LS. CERERTET
—RIRTAEE R MR H 3B A TR BB AN
k. THERAEREAERESBERBERNE-ELARE,
HRTEE 2547 R B 3 3R 0 i IR A R AU R B AR S vl o
FREMRWAESY RFBTWE. WERFHA RE.TH

* FETH. BERKTHAAR XS EHH H (CSTC2007BB5067) ,

S ERNERSBEABHATHEANTE  REHEAEEE
B ER AR EE. HERERE,
HEFFER FES, HIR B SBE WY R M54 . B HE &
RE-FEFH R EBEAR, B 1975 48 K B BRI E %
BRAYRS DR HEBA TARN AR EHD . 5
G0 AT A O A B RO T R R R R R HE R L &
BEHRNIFEBEHIESBEAA SR, KERETF RO E
(flame atomic absorption spectrum, FAAS) iy T H H #2 4E
A7 8RB A 8 B0 R R R U B O TS BR A — N BG4 B
FTEMBTHREEEC RAEYHRE O b BTG E NN
SE. IR B EBEARS S KEEF R UGB
oA BRTTRNE BRI R R G T REFHR.

1 #E5FE

1.1 {#H5AM

L1.1 {X8 AAS Vario 6 B JH-F MR 53 5 5% B i+ (38 = BB
#2A#);Cu.Zn.Ca.Mg.Fe il Mn &L ERIT LR BB B
FHIRA B A RA T HF-6100D 82 S E 4L (Jb ML
HE AR IT &R AA R A ) ; Multiwave 3000 % 43 357 1 #f {X (B8
H#i %) Anton Paar 2+ H)).,

1.1.2 FEREF Cu.Zn,Ca,Mg.Fe F1 Mn % i & ¥

& EREE
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Img/mI(E R Y EH R L, T, FHNETFERT
£, bR L AF S BRI AT HNO, (IR ) s H, O, (R 40D
HCIO, (24 i) ; Ho SO, (R4 4 ; i B A K K 3 IR AWK,
PR BN B AR IR A HNO; , BB K. =Kk W8t 4%
HNO, B3 & & /.
LL3 REHE RFEEARIET 2006 4 5 4 ~2007 4 3
AVERE R R ITi2 R W2 ™ a. BUE BT & 67 3
REMTRHHEE HEUBSEL. RAEAESRESRRE
RS oml, BIEMBRRRERFESHEFAT —20CH&£H.
1.2 ZEEH®
1,21 REGHMAER AR 3ml B5E MR IR INAHE
fhfEdh, B A 3ml HNO;, Iml # H,0,. B MK %, &5
10min, RjGHr BEABM E T K THRERSHEREN &
RIMBFHITHE. HRESER ITFHBEPTRNEE
H HEXBFREHBRESZE 2oml FEMPRHFN,
1.2.2 WELHE HEE 2 WS THEEE, WL NRE
R RS B BB FAAS SUa3 s il , LR OE
BE R AR AR M BE D B A A, (AR B B2 8 TR, it B 4
R,

1  WEEBSY

$BE HIREW)  FAEME(minD FFEE(nin) R
1 400 4 4 1
2 600 6 4 1
3 0 0 5 2

2 RS
2.1 PR RO R

P 000 http://www.cqvip.com]
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2.1 WHMRENEKAIMEE ERRR 3ml B ENIL
#, X HNO;, HNO; + HCIO, , HNO; + H,0, # HNO; +
H, SO, 180 MM RM o 2347 W E M EmAHERE 2, &
BERW(E D .HNO; BAEL , BRER B TEEHIFER
HBRERT, A BETHETESRENE; HNO; + HCIO, ,
HNO; + H,O, fl HNO; +H, SO, #BREMAE LR BT,
BRE, Z# L HNO; + HCIO, & /5 W E BHE S, 30
WHEMHELEERR. HKE HNO; + HO,, B £
HNO; + H,SO,. =EFBZRLHITHEX. {HH F HCIO,
MENFEZFEARBOBEMYE, SERERE WA ERA.
At H. SO, MR E AT HBRENHAEAERZLE
E.HAERA. 4ml MERBEHES RN ER 3ml 35,
FH LT 3ml BLHEE &, 251 A 3ml HNO; \1ml H, O, 8%
BH.

2.1.2 HRIAET IR T BRSO I AR S R B R
Xof KM R F R S R AR R — R S 4 0, A
TR A et 8] (2,3.4 . 5min) BT & , DL LB R R T g at
et 0 22 45 SR A RE U . ER T AR B RO R IR T R R Y 0 R
FRBEZY., 232ZRER,EREN . BRLHIRLHRE,
Bn# 4 5min # AT )RTE A%, WIC I B A0S0 IR B, Bk g
HEWH, HEOLEEER. HEERN SN, T L% EE
T4 4% 6 [B2% 4min,

2.1.3 TREBMNEE ITRUAEROERPEFHUET
KRR B2 SR 15 Yo R B AR R 4 0 %of [R) — A 5k 1 5 4 kst
TTHOABMENOFRYTREERR. 280, R
HEzEEMERLEERER. AW, B OEBRI®N TR
MEm/NTEA D28, Hik, 8 T 84 TH 4k - 4 e e,
AREET MO FRENTHRSML,

F2 FAASHIERBLTEWREEY

E  WEEGm THEFEmA) F&Gm) BREBEE(m SRR EL/min) ZHER CH:(L/min)  AR4E WK E (mg/Abs)

Cu 324.8 3 1.2 6 6.5 1.5 0.70

Zn 213.9 4 0.5 6 6.5 1.5 0.25

Ca 422.7 4 1.2 6 6.5 2.5 0. 50

Mg 285.2 2 1.2 6 6.5 1.5 0.07

Fe 248, 3 6 0.2 7 6 1.5 1. 60

Mn 279.5 7 0,2 6 6 2 0. 60

#£3 AEHBREARELZFERGTRNES RARM
TBE A& (g/mD
BR SRR 1 R
Cu Zn - Ca Mg Fe Mn

3ml HNO; 0. 36 2.10 0.26 0,13 0, 55 0.53
HNO; +HClO, (4 1) 0.79 2.50 0.57 0.23 0.95 0.79
HNO; + H;0.(3: 1) 0.72 2.40 0.45 0.21 0.76 0. 67
HNO; +H280,(2 : 1) 0. 64 2.20 0. 36 0.19 0. 65 0,58

4ml HNO, 0. 50 2.11 0.70 0. 27 1.01 0.92
HNO; +HCIO, (4 ¢ 1) 0. 87 2.72 1. 06 0.74 1.23 0.91
HNO;+ H;0,(3: 1) 0.75 2.55 0. 89 0. 46 1.14 0.94
HNO; +H,80,(2: 1) 0. 69 2,42 0.79 0.51 1.12 0.96

2.2 SrRTEEREIRHY A TRWABEBEWMIA T & FMETT

EWA MR, #1177 — R 500K L B 207 2 i £
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PR R RS AR,
2.2.1 FHER HANHEFRITBRE HEARIE
Z, UHHTHETENZLFAMHERNEWEE. &
RBRERENEAGTEE THATES P EEILE Na K, P,
Pb.COMTIMWER . FREH,UTAS I mg i) :Pb,Cr
(0.5)3;Na(0. 8);K(2.0); AF# Cu.Zn.Ca.Mg,.Fe #l Mn i
WE. BRI, HZnEE KR FHRE/N, BETH
Hs 10 AR, A bk, AT Z B8 R 3, A £ — 0 #8 5 & b 4
MAEs TR,
2.2.2 £% XRWHEEA Cu.Zn,Ca,Mg . Fe il Mn #17
SRlME. B AGERETFTRENEATFHESENRES
R.AF4, FATENHRAKTAE 0.999 8 LIk, FHRE
WL EFEEEEWIRERBRIKENEN, S 0EKE SO
EHERIFHEEXR. FANEERYEMRENZTA.
x4 FAASHIEELENEHETER

TR HEEl (pg/mD ghori B4
Cu 0.025~1.0 »=0. 246 3x+0.002 1 0.999 9
Zn 0.100~1.0 »=0.353 22+0.004 2 0.999 9
Ca 0.010~1.0 »=0.186 32+0.002 3 0.999 8
Mg 0,010~2.0 y=0.143 72+0.001 4 0.999 8
Fe 0.025~1.0 »=0.252 82+0,001 5 0.999 9
Mn 0.025~1.0 »=0.246 3x+0. 001 4 0.999 9

2.2.3 RWE UZXRMREBEEE.E ERRAKE
REGTEENEEZAHR 12 K. AEZAFESHEERZER 3
FIHESTRNBRHR. BWERLES.

%®5 TFAASHEEESRMEAUR

JEE  F(pg/ml) z(pg/mD RSD(%) K HBR(pg/mb
Cu 0.453 2 0.014 3 3.16 0.01
Zn 2.657 3 0.132 4 4.98 0. 06
Ca 0.332 8 0.014 5 4. 36 0.04
Mg 0.219 6 0.010 5 4.78 0. 06
Fe 0.687 4 0.0215 3.13 0.01
Mn 0.438 1 0.019 5 4,45 0.01

2.2.4 FHFEERXK * Fe.Ca.Cu.Mg.Zn,Mn ¥ 45 HEH B
SHWE LOR, HMESHERELERS, &R MR
fREAE 3.13% ~4.98%.
2.2.5 HHBERE HTFHRESEERRNEMOILT RS
MEEBRT W HE, GENSEYHREASER . RFRRAHE
R AW X 7 B ME TR S . R L BUE i B R K5 o7 g, X
A+ 6B XEFTIMTERERE . BHMAREES
Mg 6 W8RGk 6) B R, & Tt & A B I As B i R H#
f£ 90% ~ 109. 33%, % J0 K ¥ Xy Iyt | &£ 96. 17% ~
103.38% , 42 AR A< B WO R I 4T«

23 K PR U T R AR N fh A B B0, 3F R FAAS
W THA &R H Cu.Zn.Ca,Mg.Fe fil Mn & &, # i3 L EIR
WL R T AR SRS AWE. S AABRERE,
RBEEMHES GRTESHS TEATIRKR LS P
BT ERGW. ‘
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R6 BRERHEKREAR(n=6)

P HETE  WrgE BBE ERER PEiEgR

(pg/mD)  (pg/mD  (pg/mD [¢79) $79}

Cu 0. 050 0.053 106. 00 99.22
0. 35 0. 150 0.142 94, 67
0.500 0. 485 97.00

Zn 0. 100 0. 106 106. 00 101. 70
3.55 0. 800 0. 785 98.13
2. 500 2.524 100. 96

Ca 0.030 0.029 96. 67 99. 56
0. 32 0. 150 0. 147 98. 00
0. 300 0.312 104. 00

Mg 0.010 0. 009 90. 00 96. 17
0.27 0. 100 0.108 108. 00
0. 200 0.181 90. 50

Fe 0. 050 0.053 106. 00 100. 59
0.56 0. 250 0. 244 97. 60
0. 600 0.589 98.17

Mn 0. 050 0. 049 98. 00 103. 38
0.29 0.150 0. 164 109. 33
0. 250 0.257 102. 80

B AN A T KO R 8 R AR R R v B 4l L 389
BRgtn., MBALHEENANEATERKNESIILEEER
BREFE ., BB EMEBCRO N EREERRBLY
JLEVE AT BARE 6L . #E W T LU O R T R P R
g5, AT SO H B & BRI X TR
BYILEFRAFHERBBEAERAAEREAEER L.
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A5 nAChRs F %,
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