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A DGR M RGBT (R=219) L KIABREERS AU I FOG8E (R=158) L AZ% (0. 2 mm) VTG (B 2 7]
B A% 224 mm, 1200 £&/mm, S % 0. 833333 pm) 1 5 4%, 5 % R212 ) 6 v A% 14 45 n 14 2
iR .
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Fig. 2 Optical structure of five-channel atomic absorption blood five elements analyzer
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Table 1 Fixed position data of integral combination slit

ez RS LR o, f e v Wbk T8 i
Elem/e\nm Sharp line Linear dispersion Dispersion angle Spectral bandwidth Slit width
) (nm) (pm/nm) ) (nm) (pm)
Ca 422.67 155.9 30. 4778 0.8 125
Cu 324.75 145.9 22.9358 0.4 58
Mg 285.21 143.0 20.0141 1.6 229
Fe 252.3 141.0 17. 6235 1.6 225
Zn 213. 86 139.1 14. 8703 1.6 222

5 AP AR AR S e — AR IEMERI L . Ca 119 422. 67 nm 3 L2 ME— P IR TT WLAYIE 28, HOG
A TEN 0.8 nm, AEONIEMERIL . DL G b Dy BEAE G, R M G HIE 0 20t A SR [T,
PR e 1M1 E AR Ca BEZK B A, HoAY 4 AR08 Z ] DU I ACAE L 33 J2 M) A B 11 1 R G H
M Cu B & B A, & AR 22K, IRSEHE Cu By R AL & . P Ca AG 1% 96 4
0.4 nm, Mg, Fe Ml Zn BCTEHF 902 1. 6 nm, W 2. 3.1 T A9 3 SARMEVE W, 05 5 A9 RO JEE . Bl
JHOCHE . i Cu AR IR B e R . SRR, SR AL B DR EE AN 5y (RIIE 5 R BEER R Ik A% . HLIA LN
HE o
2.1.4 iFEHEERERELFRAOENTRX  DHEMEREEN H BN T HGE Ca. Mg fll Fe Jll &
AL PESE . FEAR Cu A1 Zn JUE ARG PR . SEFEZe M Be, S i M. b iy Ca, Cu,
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Mg. Fe Ml Zn By & B A28 . R 2. 3. 3 WHYITIEMBE 26 4%, 3&& T Cu Ml Zn W& 5 1 Ca. Mg Hl
Fe i ZPEyu . MR 51 4% . MR AYREMLE R 1040 pl, SRAERSH] 20 s, O0~4 s IR HELZL, 4~10 s
R E P AR ERREE 50 pl/s, 4 Ca, Mg Hil Fe; 10~11 s, {5 1k #EAE, 11 s JagEFE# A 100 pl/
so P Cu M Zn, B4R BE T AR D7 S #E . F ) R g 2 7 4 il T e R I (WL AT 3a) . D 2y
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Fig. 3 State of program-controlled 2 bit 4 way valve to take liquid(a) and to push out liquid (b)
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10 nm ARG R, AT RRARAS Y BROT 42 s e PR B2, THBR R 5
2.1.6 EHBBIR(SEBIERE) X0 IR A bk bt a7 5, Pk ek 44 200 Hz, S6H i 2
i HLUR R T IR e g B ROE R, Y8 [l 25000 mV, K 20 7 CFEBRE R B 1048576 ) .
10000 mV /1048576 %= =0. 0095367 mV /=, fFaE X 4000 mV=100% B 5%, WEEFE=0;0 mV=
0 V03B %, WG —oco . K BE 58 4l 2 I S WOG B 2Kk . RITIEHIE S WS .
2.1.7 AigEMEMARX RGN 7 At 55 5 NHV, 4R850 56 i NHV #5285
dE=0.2X CHRATIEEH . 100%0) . METEEREEI 100 200 dE /N, SCHL B R L 09 600 5 24 a7 i8R
55100 %040 2 R E dE o, S8 MGHUIE N 67 5 F i H Y
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2. 3. 1A EH AT FE AR (1 mg/L 1 Table 2

Concentration of standard solution for five elements

:ﬁ%%ﬁﬁﬁﬁ%ﬁ]—o 060 mol/LL. HCD), 1~3 %= B Ca Cu Mg Fe Zn
. . . o . No. (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
o VEE VA VA 1 T 1 3 R R R T 2R ARG I 4 R A R 5 00 00 o0 000 000
EBRREERLE 2, 0O SHERBRRERL TR 1 0. 80 0.10 0. 40 5.00 0.15
Ko it 7 2 1.60 0. 20 0. 80 10. 00 0. 30
3 2.40 0.30 1.20 15. 00 0.45

2.3.2 iRk R &K I & & R & RS B
s 1321 mL B0 BRHE . A 1,00 mL
TR o SRAE 40 pL RAS AR . 72 AT BELS PR T LI ZE 1 mL B0 ARE P, B2, B
BE . MR BE 26 7%,

2.3.3 FERESR FEBHE T=1000%, BOCEMEER, WRCKHAZREAK D, fdi P H e
FAR L B o I ) LTI IR O O B B ST R B s s R Sk R A AT I
N0k P ] 5 9 ' BE A AR A il 2 . B R A AR I S S . W Sk R RS AR IR K P . S S L AR A
. SRR,
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Fig.4 Spectra of five elements of hollow cathode lamp
3.2 ZEHAMEZRTENE

FHOE IR A R AR 6 A5 5 BRI, 24 HIOG 52 e b o T AR i 26 09 e vk R B . IR Ak
O, 208, K EE 100 s, 25 R PLE R Ca 0. 201%, Cu 0.268%, Mg 0.297%, Fe 0.
121%, Zn 0.107%,

Ao 0 I % 70 3 A B A B (IR T 30 s, PRI b i) A 2 R T BRI A DU B R) A 100 s, BRZR M
FiE A FUE S AR HE2ZE R 3 £% . S M5 TR AR s GRS TR BRI YE7E £0. 003 Yl I 5 A m
KRR S (LA OYG R Abs i) Ca 0. 00017, Cu 0.00019, Mg 0. 00135, Fe 0. 00013, Zn 0. 0021,
KON B A JOIRE T B HE R 5 T AE £0. 006 YU N, s KR R 58 (LLIROGEE Abs 31) . Ca
0.00124, Cu 0.0059, Mg 0.00094, Fe 0.00224, Zn 0. 00265,

3.3 EASH

Fie 2.3.3 3R 2 th g HOoT R AR M 1~3 SAR eV W, 22 7 I GE 3 SR ERS W . D o
WOGREE A, HLBIHH M EE C=aA+b, 153 5 4 mIH 30 fdls W3k 3. LMz Rk, Ll
OIAT W C=aA® +bA+c, 13BN L 0TV 53 Hr it W3R 3, etk 22/ .

23 LRI 43 AT RN A 42 (1 03 43 A B A

Table 3 Data of linear regression analysis and parabola regression analysis

BT Linear regression il 4 2% 119 Parabola regression
PIES Correlation £k 22 Correlation — Z&Hh iR
Elements a b coefficient Line error a b c coefficient Line error
(r) % (r) %
Ca —0.0177 9.2901 0.9995 1. 44 3.1021 8.4948 0. 0045 0. 9908 1.47
Cu —0.0058 5.6510 0.9993 2. 80 9. 4756 5.1408 —0.0027 0.9865 2.15
Mg —0.0330 1.9737 0.9958 6.09 1. 0008 1.3793 0.0038 0. 9859 2.20
Fe —0.8306 74.463 0.9824 13.7 250. 44 26.608 0.0263 0.9848 2.29
Zn —0.0170 4.9918 0.9953 6.79 18. 280 3.3596 —0.0013 0.9927 1.14

B £k [7] )9 (Linear regression) ; dC=|aA+b—C |; # %) £k [nl J4 (Parabola regression): dC=|aA? +bA+c—C |; 2R 2% (Line
error) : E=[2(100XdC/C)]/3.
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Table 4 Checklist of performance indicators

PI#E R 99% (G A=0.0043648) PPy
s ST Ve i S e AT - 4 E8 40 g o 1 2
Xt R B B W vk B R RRAE MR . DL &k El:fn%fm chca}ibility Eoizszt“;i‘;gﬁ Dctcctio/n limit
. NN . o i (%) L (mg/L)
7 YN 3 B VA VR O B A X 4 (mg/L) ne
% RSD %‘:Z ?E E /E ‘@o [/y\ j—i; éi 7 W\ Uﬂlj % Ca .30 0.035 0. 0085

0

Cu 3.33 0. 030 0. 0097

3 5 MV AR e TR AR R R 9 22 Y 3 A X L Y Mg 1,03 0.014 0. 0075
0.47 0.26 0.10
0.77 0.015 0. 027

M Py R I BR . SRS TR 4 Fe

Zn
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3.5 HEmAH
3.5.1 MBENE SmeESmIEEEZIBHN, £ 2.3 iR EHFTNE . MASRHEY #1752 52
9, R WE S,
3.5.2 [EEESMmMENE WETHS SERO1003192 % T 4= i & 76 Z 48 5 (I8 & Seronorm 24
FDM IR SRR UK 6, SERO1003192 FEd s iImA 78 mL H TR A M . 75 240 24 F# B 26
(B
3.00 mL JRUIMAFE, FRBIAREM & 45805, F 6 PG MR E

. Table 6  Comparison of blood samples between
5 IR ARSI AT MR (n=1T)

Table 5 Results and recovery rates of blood samples (n=7)

marked value and measured value

_ _ 7 R
T Py RSD A B [ g % TCH Marked value Measured value
JUR O [IPANETS Recovery Elements /

Elements Content (%) Added 7 (mg/L) (mg/L)
Ca 1.86 mmol/L.  0.84  1.00 mmol/L  96.8 Ca 14.0£0. 2 13.8
Cu 19.7 pmol/L 4.348  10.0 pmol/L  94.1 Cu 1. 20120.039 116
Mg 1.83 mmol/L  0.928  1.00 mmol/L  98.7 Mg 15. 6+0.3 16.2
Fe 9. 45 mmol/L 1. 14 5. 00 mmol/L 97. 4 Fe 333+10 842.2
Zn 884 pmol/L  1.13  50.0 pmol/L  95.2 Zn 7.6590. 265 7.8
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Research on Five-channel Atomic Absorption Blood Five Elements
Analyzer with Concave Grating and Integral Combination Slit

LIU Na', ZHANG Rong**
Y (Dalian Medical University, Dalian 116044) 2 (Qiqgithaer Medical University . Qigihaer 161006)

Abstract A five-channel atomic absorption blood five elements analyzer with concave grating and
integral combination slit was developed for the determination of five elements (calcium, copper, mag-
nesium, iron and zinc) in blood. A hollow cathode lamp of five elements was used and the light was
focused on the centre of flame by the simple reflection and the concave grating was used as the disper-
sive element. The integral combination slit was designed to allow the sharp lines for the five elements
through. The solutions were order injection which was designed to be an online dilute pattern with
variable speed but constant current. To avoid the influence of interference spectra on the calcium
atomic absorption, the filter of 422 nm was covered on the calcium slit. A program of software with a
good performance for the operation for five elements analyzer was written. The peak area as quantita-
tive basis was defined. The blood diluent consists of 1 mg/L sodium dodecyl benzene sulfonate
(SDBS) and 0. 060 mol/L HCI. The proposed method was applied to the determination of zinc, iron,
calcium, magnesium and copper in the blood. The relative standard deviation (RSD) was less than
5% and the recovery rate was 95.2% —98. 7%.
Keywords Calcium; Copper; Magnesium; Iron; Zinc; Trace elements; Blood; Atomic absorption
analyzer
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