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4l , BE M BE 5 (ERMs, GSBZ 50009-88, PR China), 3
A IR 38 Ry A3 BT 4 SEES R K A MlL-Q K,
1.2 UEBEMITIESH

WK . 4% 283.3 nm, 49 228. 8 nm, i 324. 8 nm; PELETE
& 0.4 nm; ATHF: 845 1.5 mA, 45 1.5 mA, i 2.0 mA;
wra: Wl SR A E S 0.4~0.5 Mpa; ¥ #HIK
Wif: >1.5L min ', AREPTHERFLE L.

Table 1 Graphite furnace operating conditions

Element Dry Ash Atomization Clear
Pb 110 °C 20/10 s 600 °C 10/20 s 1800 °C 0/4s 2100 C 0/3 s
Cd 110 °C 20/10 s 400 °C 10/20 s 1500 °C 0/4 s 1800 °C 0/3 s
Cu 110 °C 20/10 s 600 °C 10/20 s 1800 °C 0/5s 2200 C 0/2s

Injected volume: 10 pL; Deduct from background using deuterium lamp

1.3 CCMKGM & gttt

7.5 g KGM il 50 mL 53 P9 BE A 25 4 45 £ Fnvs B 2%
BRI . FHREE] 50 °C, FEBFEAM T M 7.5 mL
5 R A3 $0CHh 50 wt% i NaOH /KIS s 0.5 h J5 ¥ 8. 0 mL Jit
B8N 80 wiX i — & M (MCAY KB ERIMA . HHE
M3 h JE, BRIRZE 40 'C, H 50 wt¥ NaOH 7K % 0 7
pH EEH KT 12, WA 7 mL AN (ECH), K 2 h
AR, FAKSE R vk, RIE R TEK SR EOR . it
U, 750 CHES THRMAM T ZEE, GRS .
1.4 CCMKGM #ZE %l &

¥ 10 mg CCMKGM F 1.0 mol « ™! HCI ¥ % W i3 i
2y2h, ROBKE, EROE M MAECOX]T mm i.d )W
T K I S I 3 (e di g SO 0% | 35 i A
R, BRI AR B 0, 1 Milli-Q sk WK ¥ 3% vh %k CCMKGM
EW MW pH S .
1.5 SLBAHE
L.5.1 ZhARAMER

I DL Y ) ik CCMKGM fkt 48 J5 i HCL
VEME . GFAAS I Uk B b 4 8 2 09 & & 3153 ik
FKOF R ART, 2.0 mL 1.0 mol « L' AL MR UE % . FF A
Milli-Q /K BEZE ) ,
1.5.2 H&m e

B 0,45 pm (9 5% FL 8 B8 48 38 09 K B 50 mL, DL 2.0
mL « min ' B E R, R 2.0 mL Milli-Q K%, #F
A 1.0 mL 0.5 mol « L'y HCI % B (4B 3% % 3.0 mL «
min '), A} GFAAS Wl H 7 4 )& 25 7 /9 & & G 43 FF &
MV, SRS D

2 #RHiHE
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Fig. 1 FTIR spectra of KGM and CCMKGM
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Fig. 2 Effect of pH on the recovery of metal ions
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AN pH H T 48 B F WL 2.0 mL « min A9 % 3#
Ak, HCL %W e e, a2, 8 mR, mE 2 jix,
Pb*", Cd*", Cu*" =R 48 B F & | i (>95 %) 1 &
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= A s T U AT pH Y AT LIk 5. 0~7. 0,
SRR S s ok pH JHA R 5.0, th TRAE pH JEH LT
S bR AR A3 AT B, JERE IR pH (A
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Fig. 3 Effect of flow rate on the recovery of metal ions
2.4 WHiREROZM
Be il 50, 100, 500, 1 000 mL & H 48 & F 1 pg MKE
W, F% 1.5, 1 F P& CCMKGM Xt 58 4 J&@ B 7 W B A9 1 ik
A SRAERAEN] L 1E 50~1 000 mL KNEHFUF . WA
FE 95 LA b, W RAT IR PR TR Ay, R R 1.0
L FE T8 R0 A AT LA 1000 5 767K 500
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50 mL,
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Z42 T HCLA HNO; P Fh 38 B i %k it CCMKGM 1 ff
B H 4R B P . S5 FE I, HCLAM HNO, X =/ & 48
BT EREA BB AR (95 %), A Sz vk HCL Bk
JB . TER AR A& F T . #E 0.5~2.0 mol « L™ ¥R L [l
¥Ing e i mk ., FA 5 T AR EAFLAY 0.5 mol « L1
HC #E BB 0 , A< 3048 1.0 mL 0.5 mol « L1y HCI 3k
e .
2.6 AFIRHE

# 20 mg CCMKGM # K M A #) 50 mL &4 A Rk E (1
~150mg - L'OMESBEFHEBR P, 873 pH E 5.0,
FEE IR AR R IR 60 min 5. 398, WE R PHARES)E
BT IR o BRI TS LA O R Qe = V(o — cp) /W AR
), H, Q Nt [ mg metal ions - g ' CCMKGM], V 3y
BWARR(mL) s o R #0410 42 8 B TR B (mg -
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LD, WA CCMKGM f4t (g) . £ il F 4 e J& 5 % B
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Fig. 4 Adsorption isotherm of metal ions
2.7 HEBETFEN
TERAL AT T . AU S WM S8 07 i, B4 T Na®
K™, Ca®", Mg*", Mn®", Zn*", Ni*", Cr*" fil Fe*t &Ly
&%t CCMKGM & % Pb*", Cd*" Hl Cu*™ By m ., h 3 2
Al UE . T 0.1 mg« LT B3R =l i &7, 25
TERY AR X 15 22 2 =10 60 B AR T4 43 8 W AR L AE T IR Y

EBRA BT, B FERIERE R T IE T &EE

RF LW EH. BT LLH CCMKGM 43 B & 5 ¥ 55 K #F

Pb*", Cd*" 1 Cu** I, BHH IR LRI T 0 k.
Table 2 Influence of coexistent ions on

the determination of trace metals

c . Tolerance limit of ions
_o-existenc ~ . . .
o-existence (Co-existence ions/Metal ions, p)

ions
Ph?! Ccdzt Cu?*
Na®, K* 5 000 1 000 5 000
CaZt, Mg?" 2 000 500 1 000
Mn?+ 1 000 500 1 000
Zn?t 500 400 500
Niz ™ 500 200 500
Cr3t 40 20 20
Fei™ 50 40 50

Concentration of the metal ions: Pb*", Cu®", Cd*" 0.1 mg+ L™ ';
eluent: 5.0 mL of 0.5 mol « L= ! HCl; flow rate of sample/eluent:

2.0/3.0 mL ¢ min~'; sample volume: 5.0 mL; pH 5.0

2.8 CCMKGM B &4

W% Ph?T, Cd?T f1 Cu?' 7E CCMKGM 4 R E £
YRR BRE L 0 S 6 o ) R R R DAL 4 T S (1 1 AR
ok 2 LA Mk, 4 20 WO BRI B J5 » CCMKGM X
=R 4 R R 0 R AR AR /), B CCMKGM B A R
IR AR, WS R L2 R E A .
2.9 AEMKHRMNBEEE

50 mL Mill-Q /K 48 25 B FE &, b A, ¥E . W
GFAAS & =A & & )8 &8 F % AfE 5. i TUPAC &
S, KR L) = 38, /K, . S, AE HZRMNE(ES
BORR DR 22 . K A7 1 09 SRR CRIA o il 28 0 At %6 . 45 i
AR PH*T, Cd™, Cu™™ 4 i BR 43 24 1. 92, 0.026 AN
0.68 g« L' LI E SAEECH 50, Wb, %7k
R 43510 0. 038, 0.000 5 F 0. 014 pg « L1, %5
Z(RSD)Y 2y %14 3.5% . 9. 2% F1 4. 7% (R WA W FE em2t =
by oceet =0.1 pg s L Yon=11D), &M
Hil . A7 RE AHCHE R Rt BRI 3,

ce2t =1.0 pne L

Table 3 Linear range, linear equation, correlative coefficient (r)and detection limit of metal ions

Metal ions Blank® Linear regression” Linear ranges/(pg« L™ r Instrumental D. L/(pg « L™
Pbz* 0.007 840.001 47 Y=0.002 3x+0.076 9 10~500 0. 997 1.92
Cd** 0.008 240. 000 87 Y=0.099 3x+0.015 2 0.1~10 0. 999 0.026
Cu?t 0.013 940.001 14 Y=0.005 0x+0.033 6 5~200 0. 997 0. 68

“n=11, "The calibration was achieved with simple aqueous standards

2.10  IREEKHE S BT R NAR B Y L 16
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AR I SE Ry, S5 ILE 50 RS AT UL, (Rl R IR B
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Table 4 Determination of metal ions in certified reference materials(pg « L™'., n=3)

Metal ions Found® Certified
Pb2* 19.84+0.48 20.2£3.7
Cd?! 3.1640. 42 3.2840. 39
Cu?™ 9.94+0.97 10.241.4

¢ Mean+ standard deviation(n=3)

Table 5 Determination of Pb*", Cd®* and Cu** in real water samplesa(pg *+ L™, n=3)

Metal ions Tap water Lake water
Added/(pg« L7Y)  Found/(pg+ L7™H Recovery/ % Added/(pg « L™1)  Found/(pg+ L7 Recovery/ %
Ph2* 0.0 0.54-+0. 06 — 0.0 1.5140. 22 -
5.0 5.4940.07 99 5.0 6.65+0. 22 103
Cd** 0.0 0.092£0.008 — 0.0 0. 13%0. 005 —
0.2 0.25+0.01 81 0.2 0.29-+0.011 83
Cuzt 0.0 5.184+0.12 — 0.0 2.624+0.16 —
5.0 10. 38+0. 30 104 5.0 7.554+0.08 98

(1]
[2]
[3]
[4]
[5]
[6]

(7]
[8]

L9]

[10]
[11]
[12]
[13]
[14]

[15]

Lake water: South lake of Wuhan; * Mean= standard deviation(n= 3)
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Crosslinked Carboxymethyl Konjac Glucomannan Microcolumn
Preconcentration of Trace Lead, Cadmium and Copper in
Water Samples and Determination by Graphite Furnace
Atomic Absorption Spectrometry

CHEN Hao', SHEN Min', XUE Ai-fang', LI Sheng-qing'* , PAN Si-yi*
1. College of Science, Huazhong Agricultural University, Wuhan 430070, China
2. College of Food Science and Technology, Huazhong Agricultural University, Wuhan 430070, China

Abstract A novel solid phase extraction technique was developed for the determination of trace lead, cadmium and copper in en-
vironmental water samples based on separation and preconcentration with a microcolumn packed with crosslinked carboxymethyl
konjac glucomannan (CCMKGM) prior to its determination by graphite furnace atomic absorption spectrometry. Various influen-
tial factors on the separation and preconcentration of lead, cadmium and copper, such as the acidity of the aqueous solution,
sample flow rate and volume. and eluent concentration and volume, were investigated systematically, and the optimized operation
conditions were established. The analytes could be quantitatively retained by CCMKGM in the pH range of 5. 0-7. 0, then eluted
completely with 1. 0 mL 0.5 mol » L™" HCl. The detection limits(3¢) for analyte ions were 0. 038 pug + L™" for Pb*™, 0. 000 5 g
« L' for Cd*" and 0. 014 pg + L for Cu*" with an enrichment factor of 50, and the relative standard deviations were 3. 5% for
Pb*", 9.2% for Cd*" and 4. 7% for Cu*" (ep2t =ce2t =1.0 pg * L7 '5 cer =0.1 pg» L', n=11). The proposed method
was successfully applied to the determination of trace lead, cadmium and copper in environmental water samples (local tap water
and lake water). In order to validate the method, the developed method was applied to the determination of lead, cadmium and
copper in environmental water reference materials (ERMs, GSBZ 50009-88, P. R. China), and the results obtained were in good

agreement with the certified values.

Keywords Crosslinked carboxymethyl konjac glucomannan (CCMKGM); Solid phase extraction (SPE); Graphite furnace

atomic absorption spectrometry (GFAAS); Metal ions.
(Received Jan. 26, 2008; accepted Apr. 28, 2008)

% Corresponding author





