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FIRFBESTHIC L) FEZTIEREE=F ) VBV TR T - 72, #E Cul) & &4KER
1202% % MY VEH 5.0 om® ZMNZ pH % 8.5 SRR, = boRVEY 30’ ZMA TR BES &
KA & A REA O M B R BUK P O BRI SRS 5. Cu(IT) (KA A & Z OEIRY) B 73 BERAR S
h, Zocul) 2E&LEIRWEZ 10 M-CH;COOH 2.0 cm® THEfEHE, Zo—EE (20 1) % BHMPITTEA
L, BEFRESHICE D EEZITo 72, RERIZ 0.006 ~ 0.3 ug Cu(ll) /100 cm® OHBH TR % 8 2 EAR
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Table 1 Instrumental operating conditions for Cu
determination by graphite furnace atomic
absorption spectrometry

Element Cu

Wavelength 324.8 nm

Background correction Zeeman effect

Slit width 1.3 nm

Lamp current 9.0 mA

Sheath gas Ar

Cuvette tube type pyrolytic

graphite-coated cuvette

Injection volume 20 ul

Injection speed 10us™!

Measurement mode Peak height

Drying 80C /40 s (ramp mode)
140C /10 s (step mode)

Ashing 500C /20 s (ramp mode)
5007C /10 s (step mode)

Atomization 2200C /0's (ramp mode)

2200C /5 s (step mode)
Cleaning 2300C /4 s (step mode)
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bRt R AV —FF 7 Cu HEFEH L.
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WD REBRIEC L 2R EOA R R ERIZIES 7 F
BMVSERMAHREY = —H — 2 vy, KHEEBREOS
B E R OB HA11C 3 DM 2 L7z,

3 AR AR

Cu(Il) 0.3 ug BLF 2 &L EEHEM 100 cm® 1 0.2% ¥ b
BB 5.0 cm® A MMA, KHO pH % BE L VT
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EAF - TBGEREF (20 cm®) KBL, 10 M-
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Yy, AFNAVTFVT Y MIBK) R m-F L ¥
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10cm® M2 CHIED pH (pH?2, 4, 6, 8, 10) IR
#, £B%100cm® L5, THEHHWRI~BL, A
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THEZIT-72. ZORKE, MIBREY n-F L EH
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FAERET, Lad, EFRRENZOKMETO cudl) o
BEERIEIEALRD N7z, LA L, yausk
VAR = buxRyErZHWZEEE, KMEO pH 6.0
DB TR & B RGE I 0 A HICBERY B D LA 5
n, L2ad, KEPFORSE cudl) 2MFEALED LN L
MolZ s, KMHRO Cudl) BKME NS FHEE
B RN AR T 2 KM O BURY B S B iRE S hu s
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HW723543d pH 5.0 (55 SIEEMEFEBIIT T, =M
BHUCERE AR L, Kb ofE cudl) k2 OBERY
BICHBERBwmEINS, LALEDS, Cudl) %5 M
LR EABICHERL, TOBRMETO Cudl) EEE
ERFEHESTICIVMELZEZS, —baxyErF
BBl REL:—BDRLEZBLIENTE
W, rauRVAEHCEEEIIRE L —EORLE %
BAHIEPTERPo. Lo T, RETII= b
YEVEAVCHREBERME 2 ERT 22 LT Lz, K
FOME Cu(ll) & pH 7.0~ 10.0 TIEIT 100% H355 B A
ENTzs, ZHEOBERWEIZ pH O LR E L HICERE
BWINT 5720, KETRBERDEOBEMBEEZERL, KM
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Fig. 1

Effect of pH on the recovery of Cu(II) onto
the hydrophobic membrane material

@ : Niwobenzene, O: Chloroform, Organic solvent:
5.0 cm®, Cu(I1) 10 pug/100 cm®, 0.2% chitosan solution:
5.0 Clni, Shaking time: 10 min

D pH % 8.5 & LT Cu(ll) ZAKMA» 5 0MERM 252 &
L7,

B, HRo XS ICARBIIARMEE AREHOBICERT S
BKPEBIRE I Cu(ll) Z A EHRNET 5 DO T, B
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NYEVEIZ30em® & L7

4-2 ERHEOBR

REIZBIV 5 EEBIEIME Cu(l) 2 ETERYE 2
D EOBHIIERE, FOWEBETO Cu(l) BE (K%
FBE) FRETRASHICL VPEEZITH)IDOTHL. £2
T, Cu(ll) 0.1 pg % & & AEHAT 100 cm® 2 VY, 3 O
BRI BT A BRI O (HNOs, HCl, CH;COOH)
LEDWEREZT, BIRWE OBER R OB IRR T R TI)
ALY ERT LBOBAEANDEEIIOVTHRFE
Tol. ZOME, BERPEILFEOWTIOBRIZ D EF
L7275, HNO; # vz A 2R BE R <, £/,
HCl 2 AW 58 1 ERE O BRICRR P2 5720,
KEBRTIIHDITHEH L7 CHsCOOH % iV b 2 &2 L
oo FMVIEEBBEL ) DARBICHERLL TV LS
5, ZHBICAERT A2ERMEOERTEF M THD
LEZONS.

BRI TH H CHsCOOH DEBEEIZ DWW T H AT L 72,
FORERE, 7T~12M OBREFHH TR, O —EDOWRLE
2L TEL (Fig. 2. TM U T TOWSLEDOK
TR Y O BSR4 72 72 D I IERF R @ Cu(Il)
BEMET Lo Ez5h5, RERTIIESF~D
BELEEL, 10 M-CH;COOH THRIRME % BMHT 5 2
LlCL7e B, BRERILVETDHHIIERESRER
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Fig. 2 Effect of acetic acid concentration on the
recovery of Cu(Il)

Acetic acid: 2.0 cmg, Nitrobenzene: 3.0 cms, Shaking
time: 10 min

BHH, BB EEDREL DD, RERTIER
MR, AlERE, BRENESEEEL, BREE%
20cm® & L7z,

4-3 Cu(Ill) DI EBIMIC B T 2 RERGOHRE

Bl L2 D pH, BRSO Ca(Il) O 5Bk #E
IZBT B FOMDO SO TR 1T 72,

FEERIZ 0.1 ug O Cu(ll) % &L EHAR 100 cm® 2 AW,
3 OREHIRME IS TITo 72, FOMR, 02% F v
B 3.0 cm’ DLEDOBIMTRA» D —EDQWEZF L Z
ENRTELDOT, EEBRHICRER O Cul) LR
HEEL, ¥ M VBBEOBMEZ.0em® & L. B,
B CF b Y2 REREL LTKFOESRBA 4+ v %2
e L72BRE 2.0% ¥ MY UBI 100 em® 2 LEE
L7275, A 0.2% ¥ M VB 5.0 cm® THAIAKE
OWE Cu(ll) Z0EEERCE 2 L0, WIREITHN,
KM & AREEE L O HBRE~O G BB O 9 ¥ b
FUDREMCESB/A S v ERRTZ2b0EEZLND.
BRI B OAKIZE B Cu(ll) DHEEEERT IS DF
BB 2R BEREMIZVTRY 5 50U ETRALD
—EDEEBLIENRTELDT, RETE Y= —F—1C
IBRHREHEMEZENZN105L L.

U ED X9 % Ca(ll) O5BERHMEICHBIT BaEFMEIIOW
TEM R 21TV, 3 OEHEREZJE L.

4-4 BEFEEXMICE T B HESRGEOHS

B R F IO TIIRRE L72WE 2/ 5 72012,
e, RAL, ETLo s BB OREMMIfTbhTED,
EROWPETCRNETLROFERELZEL, ZhL0R
E7as7 7 A0FMERET 21T LEPH L. REBRTH
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Fig. 3 Effect of ashing and atomization temperature
on the absorbance of Cu

@ : Proposed method, O: Standard solution

TFIZHVBBEWIE Cu(l) DIEMPICHERL-F I 2F
Bl T AERWE L K~NOMEBHREEZ b TIETS
ZraNryEYEAEET 10 M-CHsCOOH ThH 579,
— R 2 AKHAE R O Cu 2R & U 7R 2 i St i
BIETE& R\, 22T, Cu(ll) 0.1 pg % & HRBAR 100
em’ 12DV T 3 OEEIRBERIT, BoNEHE VT
RFENZBT BIKAIRE R R TLREORELEEICOWT
Wi %17 - 72, RALIRIE Z R TALIRE 4 2200C & LT
200~800C DHIPHT, JFRFLiREIZIKILIRE % 500C &
LT 1800~2400C D#BPHT, ZNFNIREICRITTH
BrRxl, B, BTRESHHARAEZERL .
Cu(Il) B (100 ppb) 22T b B DOBIE 217\
WE 2B L. COME, RECLVHLNBRE
Huwi-a, IKILRE I 300~600C OH#FET, EHFLiR
FEIE 2000~2300C OHEFATEFNERRERPDO—EDRNL
ExRL7 (Fig. 8). KL 300C DT clrEHEmE
DB RT3 72 72 D IR IEEE OB M2 2 HE 05D
o7z, BT, 400C F CRETILROEFRE a7 7 4
WVOFNINE L E—F (N 27590 FIRID H330 5
N7, WAEITHEBERRD LN Lol ZONERY
— 27138k & H U X 5 IS BE ORI RER S
AbDLEZ NS, 600C UL TRIKILEIZ Ca D—EB
DREIERT 272D ICHEEIRET L. Lo T, &
BCIRIRILIRE % 500C & U7z, EALIREE X 2000T B
T Tid Cu DFEFAL AR e % 720 B IRV EZ R L
7245, 2000C LLETRE LR AL 2 —EDRNIELE
BHIEWTE., LdoT, JIERICEITBBEEONH
HELERL, RETIREFLRE% 2200T & L7
B, PAGRE, FEALEREE HICHBED- O
Cu(ll) FREEFERICHA, RETHOSNZBEDIE) D
FTHPICBCBAEELR L. SHIZHIEBRSER L *
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P ERERGETAERWEREA TSN, Thb
PESBEHICRFZL RO NI Y 2 AEF4 7747 — L
LTHRAEEOHMBAEZRL2DDEEZLNSL. ZOH
Mz P U2 REE LTHY-Bo@Em e 8L T
\I‘Z)26),

45 RERCEHM

HeEHRIE 0.006~ 0.3 ug Cu(11) /100 cm® DFEFH TH A%
W5 RIFZEMEREZ R LA (r=0.992). Cu(ll) 0.05 ug
KT 0.10 ug 2 ELABHBBIC O W TORETOMD KL
BE (n=5) dEheh, 42, 31% TH-7:.
AHEERBRE (n=5) ORERE (o) O 3HLHE
RF (Bo), 10f5Z2ERETR (100 & L72HE, A
CBIHRERRUCEE TRIZZENLZN, Cu(ll) 0.002
ng/100 cm® (0.02 ppb), Cu(Il) 0.008 pug/100 cm® (0.08
ppb) Th 5.

4-6 REHEHRE L RBHE
ZROKABLSOBMEENE LT, 0.1 pg®
Cu(ll) 2 AL RBBRRELZEIL S TEOREBIZONT
af L7, 20#R, B#EE500cm’® $TRIZIE 1002
DEIPRERE SN, ZNL RIS EEIRIZETL
U, BIEE 800 cm® TIXIZIE 76% Tho 2. FERY
BrEERTLLOCAWEZ b aRy B UIKICERT S
7202, BHREOWME &= baxyEr o
P4 B, = baRVECHOBERIC X B BRYE D&
BAZK & BB 2 vD%, 10 M-CH;COOH THB#IC
CH;COOH M & = b uR v ¥ v % 5EET 5 BOBMED
M2 5. L72ht 5T, ARBEICE ) RBHAN 500 cm® A
L OME Cu(ll) Z45HiRMT 2RI taxryErog
250cm® & L7, AEBEEL 500em® L L2k &0
MRERIZ 20 TH Y, KAFELEROKRABFOME
Cu(ll) DEZDFETH 5.

47 HEAFOFE

Cu(Il) 0.1 ug % & LA 100 e ICHFEA F ¥ 2R
ML, REIBIT2EFAHEA % DIEORE £5.0% DKW
ELTEBIZRIETTHEIIOWTRE 2o, 08
&, Al(II), Bi(III), Cd(Il), Co(Il), Cr(Ill), Mg(Il),
Mn(1I), Pb(Il), Sb(III), Sn(Il), Zn(Il) % &AL + >~
1 Cu(Il) @ 100 FEREDOIEFT, K1), Ca(ll), Na(l),
Fe(Ill) 7% &3 1000 fEREOXLAFTLHEZ 52 hdo
7-.

4-8 EREADEH
3 DRI, REEZEOLORBEKABOME
Cu(ll) DERIIGH LAKE% Table 2 2R, 4&3B,
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Table 2 Determination of Cu(II) in water samples

Sample Cu(II) added/ Cu(Il) found/ Rec;)very, R.S.D.o(n =5),
HE g %o %
River water — 0.168 — 4.8
(Kitakamigawa, Iwate-pref.) 0.05 0.216 96.4 5.2
0.10 0.263 98.0 4.3
River water — 0.082 — 5.1
(Shinkawa, Chiba-pref.) 0.05 0.142 104.6 4.8
0.10 0.174 96.8 4.2
River water — 0.021 — 4.2
(Chikumagawa, Nagano-pref.) 0.05 0.072 100.3 4.9
0.10 0.121 99.9 3.7
Lake water — 0.011 — 3.8
(Noziriko, Nagano-pref.) 0.05 0.064 104.6 5.1
0.10 0.109 97.0 4.7

N.D.=0.002 ug Cu(Il), sample volume: 100 cm’

BARREIEZ AL TI T4V F— (NEE 50 mm, TLE
0.45 um) % AWV CTIREW LY Brv72%, 1 M-HNO; R
PIC 5 L HICHNOs ZMATRY) = F L v BEIFIRE
HL72, RFELZIDVOFhoRE2 S ME Cudl) %%
BTAHLIENTE.

5 & El

F MY VAR ST RIBIO pH % §5IRIEEA T I PR
%, —haxRYEYERYIRES L BUKEORBRYE AW
HMoORMIZERL, ZORERWEICKRBTOME
Cu(ll) M s b, Cu(ll) % 0B L 72 ERY
Ex AR OBRERICHERE, BBEPO cu(l) BEE
BENPRTUESTIC L DHET A Z & T, BREFEKT
DWECul) *EEBTAHAIENTE., sunkiVak
WA D BERWE O AR H 1L Cadl) A958R
MENZZA, BICHBEOHBRORFBEGHTICIBIT S
Cu DWHEIIE LD E RO L7280, AR TIE=
PRV ERAWSLZ EIZ Lz KETIZ02% ¥ M
YW 5.0 cm® ORIMTAFOME Cu(ll) % 5 EEEHT
X7zZ ehh, BROo®LE (20% F M UBEE 100
cm® ORI ICHA, F B VAT Cu(ll) D5 BRI A
HER T 5 2 L3 h o7z,

REZPECTHEDLPERBHELH VS 2 V) M THE
HH 5D, toBSIFR TR X 2 KA F O
& Cu(ll) DEERE L FBEEXZEN U LOERTREA
LTH7, Lad, F M UrBEREPEORRBEE
FA 2B AR NS AR BT B BIOK PEREIR Y B K B
OE Cull) ZHBRETL2HLF M ofED
RELLTHNTHLEEZEZONS.
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The properties of chitosan to form a metal complex and dissolve in acetic acid were applied to
the preconcentration of Cu(Il) in water samples and their determination by graphite furnace
atomic absorption spectrometry. A hydrophobic membrane material was formed in the inter-
face between the aqueous phase and nitrobenzene, and trace amounts of Cu(II) in the aqueous
phase were quantitatively concentrated in this hydrophobic membrane material at pH range 7.0
~ 10.0 from the aqueous phase. A hydrophobic membrane material containing Cu(II) was sep-
arated and dissolved in 2.0 cm® of 10 mol dm ™ acetic acid. An aliquot of the resulting solution
(20 ul) was injected into the graphite furnace. The atomic absorbance of copper in the result-
ing solution was measured by GFAAS and the ashing temperature and atomizing temperature
were selected as 500C and 2200, respectively. The calibration curve was linear in the range
of 0.006~ 0.3 pug of Cu(Il) 100 cm® (r = 0.992). The detection limit (3 ¢) for Cu(Il) was 0.002
pg/100 cm®. The relative standard deviation (n = 5) was 4.2% for 0.50 ug Cu(11)/100 cm® and
3.1% for 0.10 ug Cu(I1)/100 cm’. The proposed method has been successfully applied to the
analysis of trace amounts of Cu(II) in environmental water samples.

Keywords : copper(Il); chitosan ; interface concentration ; nitrobenzene ; graphite furnace atom-
ic absorption spectrometry.
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