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Solid Phase Extraction of Lead Using Eggshell Membrane in Water Samples
Prior to Graphite Furnace Atomic Absorption Spectrometric Determination
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Abstract: A chicken eggshell membrane (ESM) is composed of many protein fibers, and available in large
quantities as a by-product of the food industry. According to a study by Scanning Electron Microscope (SEM) and
Fourier Transform Infrared ( FTIR) Spectrometry, the ESM with an intricate lattice network of stable and water-
insoluble fibers, and special functional groups such as hydroxyl (—OH) , carboxyl (—COOH) , aminol (—NH, ),
showed an excellent potential for adsorption and exchange of metal ions. In this paper, the ESM was applied to
separate and enrich Pb (II) from a water sample under a pH of 6. The trace lead eluted by 5 ml. 3% HNO, was
determined by using Graphite Furnace Atomic Absorption Spectrometry (GFAAS). Important parameters, such as the
sample pH, sample flow rate, concentration and volume of eluent, and interference of coexisting ions were
comprehensively studied and optimized. Under the optimized conditions, an enrichment factor of 30 was obtained.
The method detection limit for lead was 0.017 ng/ml (30) and the relative standard deviation (RSD, n =11) was
3.45% . The recoveries of lead in the spiked environmental water samples ranged from 96. 0% to 104.2%. The
proposed method was applied to the determination of trace lead in environmental and drinking water samples with
satisfactory results, which demonstrates that the ESM method can be a simple, low-cost, environmentally-friendly
SPE adsorbent for lead pretreatment and enrichment from real water samples.

Key words: water sample; lead; chicken eggshell membrane; solid phase extraction; Graphite Furnace Atomic

Absorption Spectrometry

KisBHE: 2012 -04 -25; #FZ HEA: 2012 -05 -03

E£TH: Hdtg AR #3545 55 H (2008CDA100)

EE R A X& W LA A AR TR /3. E-mail: 2006liujinl @ sina. com,
BIES: B h, B8, N b2:0T5% . E-mail: xzcheng@ whpu. edu. ¢n,

— 872 —



55 4]

X4y, A6 o X B R T AR AR B — A7 s J 7 WSO T8V I 5 7K A r ) R

H31 &

WEE LAV &R IR RS R LA BB
RWHHER , B SR IR T 4 R T & A R
R ETLRZ — , B AR 5 b ia A e
(SRR, P LA M R (Bt . KIS
RS 25 RS PR, WA INLRE A BB 2K IR
5 4 b LB e ORI B R A
YU E LT KO K R Y R R R T 10
ng/mL>  FRE BT ROFRME N 50 ng/mL> | PR %7K
PR O ) WS R S AR R

I 6] P9 4100 2 TR 0 4 7 T IR I i
(AAS) U L THE 03 (AFS) | H R A 45
TAR K O (ICP - AES) % HI R % (ICP -
MS) 7104 R b AR S R X RE e A AT
SELZFNLL T B Z 0 2. QX T 5 ke &, A
B B HEAA SR T 1 52 0 5 QT T (ol g I e % g )
SE L, B AS TR AR . TR E I S 2
ROV B 08 TR 0 DU S 2 T 40 B AR AL
PR, TR AR B B TS e B R
P s O — P e 5 43 88 7 AR B Tz
RN SCHRABARIRIE TaRRE " Rk ek
gekpr e o BE BTl Rey Y &
BERHLE R A ZE I3 B P B FE o X ek ik 1 A
b5 INBRAKAE 0 BRI 5 A ST BE s ALy vk
R, INREVELA KA RS T B R, e 88 A xt 2R
BTG5 Y. ILARSR , SRR AN T5 e ERBE A [ A
BRI E B R BHE TAEE M. AP E
(ESM) & —Fh AT H A0 1@l 5, 25 5 36718,
ST AR KRB A R s> 2 4R
T TN TR B AR T SRR A — K e
EEAH YR AR . Zhang 27 il Zou 45
SR P85 B A 2 B4 15 K v B i o A 4%, 43 31 P
JEL TG F AT B0 5 T I SO ( GFAAS) 3k
FFINGE , BEARE T I R BUE  % T THeE
(RN, ASCRFGE /N R T e SRR A 5, 7
T HEAMORE W B 4 AR, SZ IR T TCP — MS 3201 GFAAS
B AT R A AR i R
44 0.92 ng/mL, 41 H 0. 027 we/mL, ETEEam
TSR AL , 25 SO FH A 40 30 6 AR S 3] 6 2 B, B
FEIHY B B SR PR KRE , B T — b GFAAS il 7K
RET IR AR T I

R 2
L1 @0

TAS =990 J-F Wi et BT (AL 508 Hrad
A BRA ) 5 BAE Model 868 pH (5[ By

TeAEFA IR o

I PRI : 1 mg/mlL (J5L[E 805 HE ) ot
WFFE RO

BRI AR W, W T mg/mL 5 (D) B e
W, 1% (RBUEL, IR () HNO, 2 08 B, L il
£ 1 pg/mL #1100 ng/mL,

NaOH \HCI \HNO, %1 A g At s e =
TR A ZE K o
1.2 SEu5 ik
1.2.1 EFERHI

WA B RS B 5T, T SRR BRI R T S
B AR E ST LT 10% BSTR 3 h, KBRE . IR
RO BRI, FH R ohse, F FHZR /K Ve 3 ~ 5
K TE SOCHEFR Rt B 22 2 mm REJE i A 4F
A T AR /M, TREALRAE , 35T
1.2.2  WERfrECs

FREL 100 ~200 mg AT, e AR SIRHEIE &
At (] 300 pl BB AR Sk il 80 HETE B Y
T W FE A A R A, LA IR SRR S i
P 2F T . T 4EH 0.8 mol/L HNO,
AR, IF 2Bk e 2 b v AR5 FAR R A 28
e B T A A AT B .

1 mL {1 100 ng/mL 8y ( 1) Fp i TAER W
T 50 mL /NEERRH, BIIA S0 mL 22585 F/K, i 10 /L.
NaOH ¥ 1% i) HNO, %5 pH 22 6. 0, 42 il 4f —
paEd X e AN TR T v/ & e SN aE (ST S
5 mL 3% 1) HNO, & i W B i 465, S8 5 GFASS 12
HATINE o A TAEZRAE A K 283.3 nm, AT HL
5.0 mA GG FE 1.4 nm, A SR IR T A
TR, LAt HM HNO, K Z& K fAEJs , vl LA
HEHH

# 1 BT R

Table 1 The temperature program of graphite furnace atomizer

g AR piag AR
ﬂﬁé?ﬁ? 80 ~ 140C (40 s) JE‘%METIEZ 2000°C (4 s)
(PRFEBF[R]) (PRAstE])
PACRE o0 (20 ) PR o s
(PRFERTE) (PREETE)

2 AR5
2.1 HEERSHA L ERE
SIS oK AN R -2 mm il ad H T A
Bi (SEM) W% 51 35 5 2 oy £ 2 4R 85 4 i 52 2%
PUREEH . IIE 1 PR, PR EAR N 2 ~5 um,
FRIEFN 1. 294 m*/g, FLIEFL N 0. 0063 em’/g,
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Fig.1 SEM image of the eggshell membrane
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Fig.2 Infrared spectrum of the eggshell membrane
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Fig.3 Effect of pH on the recovery of Pb with eggshell membrane
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Fig.5 Effect of the amount of ESM on the recovery of Pb
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Table 2 Determination of Pb in environment water samples

e p(Pb)/(ng - mL™") [A] i R
HH
BRI MEE R/%
0 4.31£0.25 -
KTk 5.0 9.52 +0.38 104.2
10.0 14.27 £0.29 99.6
0 2.17
PRULS 1.0 3.20 £0.18 103.0
2.0 4.15+0.07 99.0
0 0.83 -
3k 7k 0.5 1.31 +£0.032 96.0
1.0 1.85+0.017 102.0
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