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F4ow inject ion-spectrophotometr ic determinat ion of copper was inves- 

t igated. Copper reacted with 2-(5-bromo-2-pyr idy 1azo)-5-(N-prow 1 -N- 

sulfopropylaiaino)anil ine(5-Br-PSAA) at pH 4.5 to form a red complex. 

Molar absorptivity of the complex was 65000 1 ~ o l " ~  en-I at 578 nn. 

Copper in the range of 10 - 100 ppb could be determined by a simple flow 
injection system. The sample throughput was 60 h-I  with a precision of 

0.7%. Moreover, simultaneous determination of copper and iron with 5-Br- 

PSAA was developed using a double-flow cell to analyse patient sera. 
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1 Flow diagram for the determination of 
copper 

: pump(Â£lo rate, P 0.9 ml/rnin, P 0.5 mi 1 2 
/min), I : six-way valve sample injector, R 

: reaction coil ( R  1.5 m, R 1.0 m), BPC : 
1 2 

back-pressure coil, D : spectrophotometer, 

Rec. : recorder, CS : 0.1 M HC1, RS : 5 x 

10' M 5-Br-PSAA, BS : buffer solution (pH 4.5 1, 
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Fig. 2 Absorption spectra of Cu(I1)-5-Br- 
PSAA complex 

0.4 ppm Cu(II), 8 x l o 5  M 5-Br-PSAA, 

pH 4.5, Reference : (1) water, 

(2) reagent blank. 
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Fig. 3 ~ogarithmic plots 
M t * M ^ k a ; O i ^  2-32 [Cu(II)l = 6.3 x l o 6  M, p H  : 

Lk. XM#.th%<kÃˆ)A?Ãˆk 4.5, Wavelength : 578 nm. 
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Fig. 4 ~f f ect  of the length of 
b 'd -9 -h^k^-h .  R coil 2 

%?cRa-&l.O mk-ze LT RiO R coil  : (1) 0.5 m, (2) 1 m, 
2 

a &  0.5-3.5 m Of&llaiTsi&3 (3) 2 m, (4) 3 m; 

4b 8 - f r f c .  -COE%%Fig. 5 4 C Z - t .  R coil : 1.5 TO, CU(II) : 50 ppb, 
1 

4 ^Rifc^^Tl^SKA^Z:  ̂ 120 Ul, pH 4.5. 
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Fig. 5 Effect of the length of 
R coi l  
1 

R coil : (1) 0.5 m, (2) 1 m, 
1 

( 3 )  1.5 m; ( 4 ) '  2 m, ( 5 )  3.5 m; 

R coil : 1 m, Cu(I1) : 50 ppb, 
2 

120 y1, p H  4.5. 

g@tk34 * Y & o  Ca, Mg%kllOO ppa  (CuO200 10 min 

,Cd, A H A  10 PPB (CUO 20#%) *il'?L Fig. 6 Flow signals 

-2 < $sSÂ¥&GT f ' &  k .  Fe(II), Ni, CO CU(II) concentration : 
a 10, b 20, c 30, d 

(3; 5-Br-PSAA 2 + 2 - h % fe&@i3$.?? 50, e 80, f 100 ppb. 



&LT*>iE<0^E^-^X Table 1 Tolerance limits of foreign ions 

6. #%!$!%#&Eki Ni: in the determination of 50 ppb 
copper ( I  I 1 

0 . 1  ppm, F e ( I l )  : 0 . 0 5  

ppm, Co: O.OlppmT& 9 
Tolerance limit Foreign ion 

^ - 3 ^ .  M c b O ^ ^  
10 Cd(II1, Al(III), Se(1V) 

43 0 . 7 -  1 .6ppmTib  !I, 0.5 Fe(II)* 

-2iJftB cbKJ:b@b923 < 0.1 N~(II) 

? ? & 9 S & H - ' f  A-YtACa 0.05 Fe (11) 

: 100 ppm, Mg : 36- 58 . - 
0 -01 

- 
cot I1 1 

ppm, Al:  0 . 1 3 -  0.17ppm, - * 1 0  (100 ppm) was added to the sample. 
Z n :  1 . 2  ppm, Fe: 0 . 8 -  

~ 8 5 2 5 . ~ ~ )  Table  ltZTK3^l%%%AÃˆ3 JfiiyS$Oil$%GO&a-f A-vÃˆJ&@$I 

(QS^^^-t?^fs.\t\ ^ bW^*1-3 fc. 

Fig. 107U-27.TATa-i%?j~I%Lk. ?W.% 

Table 2 Determination of copper in sera 

Cu content* (ppm) 
Serum 

FIA method Batchwise method 

Human 1.17 5 0.014 1.15 ? 0.035 

Horse 1.04 k 0.021 1.06 Â 0.010 

Goat 0.99 t 0.007 0.99 Â 0.020 

Chicken 0.26 k 0.003 - 

*Mean values 2 S.D. of three determinations. 
- 
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Fig. 7 Schematic flow diagram for simultaneous 
determination of copper and iron 

-4 
CS : 0.1 M HC1 containing 1 x 10 M KI04 , 
RS : 1 x M 5-Br-PSAA buffered at pH 4.5, 

AS : 1 x 1 0  M sodium ascorbate ( p H  4 - 5 ) I 

F C ,  FC : double flow cell, BPC : back- 
2 

pressure coil (0.25 mm i.d. x 2.0 m), D : 

double-beam detector, PA, P : pump (flow 

rateI P 0.9 ml/min, PB 0.25 ml/min). 
A 

Table 3 Simultaneous determination of copper and iron in patient sera 

Contents**, pprn' 
Serum Disease* 

FIA method ICP/AES 
sample 

Cu Fe Cu Fe 

1 EC 1.86 k 0.018 1.72 ? 0.015 1.87 ? 0.038 1.72 ? 0.060 

2 CP 2.20 k 0.031 0.52 2 0.008 2.14 k 0.043 0.53 ? 0.016 

3 HCC 1.24.k 0.018 0.58 ? 0.012 1.22 2 0.035 0.61 k 0.018 

4 HC 0.84 k 0.004 3.01 ? 0.024 0.86 ? 0.026 2.97 2 0.059 

5 HC 0.31 2 0.007 0.39 ? 0.009 - 0.38 k 0.007 

* EC : esophageal carcinoma, CP : carcinomatous peritonitis, 
HCC : hepatocellular carcinoma, HC : hepatocirrhosis. 

** Mean values 2 S.D. of three determinations. 
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