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Abstract: This paper reports the preparation of a phosphorylated cotton chelator
(PCC) by solid phase esterification of phosphoric acid (PA) onto defatted cot-
ton fibres using urea as the catalyst. The synthesized PCC was employed for
the preconcentration of copper from water samples prior to its determination by
flame atomic absorption spectrometry (FAAS). The preconcentration of copper
was studied under both batch and column techniques. The pH range for the
quantitative preconcentration of copper was 4.0—7.0. The sorption time requi-
red for each sample was less than 30 min by the batch method. The copper
sorption capacity of the PCC was found to be 15.3 mg/g at the optimum pH
value. Elution with 1.0 mol dm™ hydrochloric acid was found to be quantita-
tive. Feasible flow rates of the copper solution for quantitative sorption onto the
column packed with PCC were 0.5-4.0 ml min"!, whereas the optimum flow
rate of the hydrochloric acid solution for desorption was less than 1.5 ml min™!.
An 80-fold preconcentration factor could be achieved under the optimum co-
lumn conditions. The tolerance limits for common metal ions on the precon-
centration of copper and the number of times of column reuse were investiga-
ted. The proposed method was successfully applied for the preconcentration and
determination of trace copper in natural and drinking water samples by FAAS.

Keywords: phosphoric acid; PCC; trace copper; preconcentration; FAAS; de-
termination.

INTRODUCTION

Determination of heavy metals at trace levels in environmental and food
samples is of great importance nowadays due to the non-degradability, bioac-
cumulation and high toxicity of heavy metals in the environment and living
organisms. Most heavy metals have a high affinity for thiol groups, carboxyl
groups and/or amine groups; hence, they attack and inactivate enzymes and pro-
tein sites where these kinds of groups are present. It also has been demonstrated
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that heavy metals bind to cell membranes, obstructing transport processes
through the membranes. Therefore, heavy metals are of particular importance
from the ecotoxicological point of view.!

Copper, an important metal in many industries, is considered as an essential
micronutrient for human health and plays an important role in carbohydrate and
lipid metabolism and in the maintenance of heart and blood vessel activity. The
requirement of an adult human is about 1-5 mg of copper per day, but excess
amounts in the body can be toxic.2 Acute symptoms from excessive ingested
copper include salivation, epigastria pain, nausea, vomiting, diarrhoea, intra-
vascular haemolytic anaemia, acute hepatic and renal failure, shock, and coma.

Flame atomic absorption spectrometry (FAAS) is a simple and well avai-
lable technique for the determination of heavy metals in diverse samples. Due to
the limited sensibility of FAAS and to the low concentration levels of heavy me-
tal in natural samples, prior to FAAS analysis some preconcentration procedures
based on liquid-liquid extraction,3 ion exchange* and solid phase extraction’
have been developed. Solid phase extraction of heavy metals is considered supe-
rior to liquid-liquid extraction due to its simplicity, rapidity, low cost, and higher
recovery. Macromolecular chelators have been found to be more selective for so-
lid phase extraction in comparison to ion exchangers. Among different kinds of
support materials used to design macromolecular chelator, cellulose appears at-
tractive due to its good porosity, high hydrophilicity, low swelling, chemical re-
sistance, wide availability and easy biodegradability.

Cellulose sorbents containing diverse functional groups or reagents, such as
pyrocatechol,® iminodiacetate,” diethylenetriaminetetraacetic acid,3 triethylenete-
traminepentaacetic acid,” 8-hydroxyquinoline,!0 2,3-dihydroxypyridine,!! 8-hy-
droxyquinoline-5-sulphonic acid,!?2 hexamethylenedithiocarbamates,!3 methyl-
iminodiacetic acid,!4 have been reported for metal preconcentration. Lasztity et
al.15 examined oxime, sulphoxine and 2,2’-diamino-diethylamine cellulose based
macromolecular chelators for platinum. Aoki et al.10 investigated 6-deoxy-6-met-
captocellulose and its S-substituted derivatives for their sorption characteristics.
Dietz et al.l7 functionalized acetoacetamide chelating groups onto microcrys-
talline cellulose and studied its affinity for Fe(Ill), Cu(Il) and U(VI). In addition
to cellulose, thiol cotton fibre (a functionalised cellulose sorbent)!8-20 were also
employed for methylmercury, selenium and multielement preconcentration.

This paper presents the preparation of a phosphorylated cotton chelator (PCC)
by solid phase esterification of phosphoric acid (PA) onto defatted cotton fibre
using urea as the catalyst. The synthesized PCC was employed for the preconcen-
tration of copper in water samples prior to its determination by FAAS. The pre-
concentration of Cu on a column packed with PCC was investigated. The opti-
mum conditions for the preconcentration and desorption procedures were also
elucidated. By applying the proposed method, the Cu contents in natural and
drinking water samples were determined.
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EXPERIMENTAL
Reagents and Instrumentation

All chemicals were of analytical reagent grade unless otherwise stated. Doubly distilled
deionised water was used throughout this study. A copper stock solution (200 pg ml') was
prepared by dissolving 0.3802 g of Cu(NOj3),-3H,0O (Merck) in 500 ml of water. Working
solutions were prepared by diluting the stock solution to the required volumes. The esteri-
fication agent was prepared by dissolving 1.67 g of urea in 11 of 0.5 mol dm PA and then
the pH value of the solution was adjusted to 3.5 with NaOH.

The glassware was washed with chromic acid, soaked in 10 % HNOj3 overnight and sub-
sequently cleaned with doubly distilled water before use.

A Perkin—Elmer Model 5100PC flame atomic absorption spectrophotometer was used
for the determination of copper under the manufacturer’s recommended conditions. The cali-
bration curve (0.25-5.0 pg ml'!) for copper was established with solutions prepared from the
200 pg ml! stock solution.

The reference measurements were made on Jobin-Yvon Panorama ICP-AES instrument
using the axial viewing configuration. The operating condition was as follows: RF power 1.0 kW,
nebuliser pressure 3.0 bar, plasma gas flow 16.0 I min'!, auxiliary gas flow 1.7 1 min'!, sample up-
take rate 0.8 ml min’!, stabilization time 15 s, read time 1 s, emission line for Cu 324.754 nm.

Preparation of PCC

The PCC was prepared according to a method similar to one given in the literature but
free of any solvent.?!

Thus, defatted cotton fibre, purchased from a local drugstore, was mixed with the pre-
viously mentioned esterification agent in the ratio 1:12 (fibre:esterification agent, w/v) and
stirred for 30 min. The esterification agent/fibre slurry was placed in a stainless steel tray and
dried at 50 °C in a forced air oven. After 24 h, the esterification reaction between PA and fibre
was initiated by raising the oven temperature to 120 °C for 90 min. After cooling, the PA-mo-
dified cotton fibre was extensively washed to neutral pH with doubly distilled deionised wa-
ter. After filtration, the PA-modified cotton fibre was transformed into the Na form by sus-
pension in a suitable amount of 0.10 mol dm™ NaOH and stirring for 60 min. Subsequently, the
residual alkali was removed by washing thoroughly with doubly distilled deionised water. The
PCC was then dried at 50 °C to constant weight and stored in a desiccator before use as the
extractant for preconcentration.

The preparation of PCC can be schematically expressed by the following Equation:

OPO 3H, OPO 3Na ,

OH
H SNye] H 0 H
Ho -nH ,0 H
OH nH PO 4R drea ™ | NOH H 7?
o H H| 2nNaOH 2nH ,0 H
H OH n H OH n H OH n

Copper preconcentration procedures

Batch experiment. Batch experiments were conducted by adding 0.2 g of PCC to 250 ml
shaking flasks containing 100.0 ml of copper solution having different concentrations or ini-
tial pH values. The initial pH values of the solution were previous adjusted with dilute HNOj3
or NaOH using a pH meter. After sealing to prevent volume change during the experiments,
the flasks were maintained at ambient temperature (20+2 °C) and agitated at 150 rpm in a ro-
tary shaker for predetermined time intervals. The PCC was separated by filtration through a
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membrane filter (0.45 um). The filtrate was analysed for the concentration of the remaining
copper ions by FAAS. When the copper ion concentration in the filtrate was too low to be
analysed by FAAS, the copper sorbed by the PCC was eluted into a suitable volume of
1.0 mol dm3 hydrochloric acid for its determination.

Column procedure. A glass column (10 mmx200 mm) was packed with 0.1 g of PCC,
then 100 ml doubly distilled deionised water was passed through the column for cleaning and
preconditioning. A copper solution at the optimum pH value was loaded onto the column with
a peristaltic pump at a flow rate of 2 ml min’!, after which the column was washed with 5 ml
of doubly distilled deionised water. The copper sorbed on the column was preconcentrated
into a 5.0 ml volumetric flask by eluting with 5.0 ml of 1.0 mol dm'! hydrochloric acid at a
flow rate of 1 ml min“!. The copper ion in the eluate was determined by FAAS.

RESULTS AND DISCUSSION
Batch experiment

Influence of initial pH. Preliminary studies indicated that the initial pH of the
solution significantly affected Cu sorption. Hence, in all the experimental para-
meters affecting copper sorption by the PCC, the influence of the initial pH was
studied first. The initial pH of copper solution was systematically examined over
a range from 0.5 to 7.0, thus avoiding copper precipitation. As can be seen from
Fig. 1, the percent copper sorbed was the lowest at the initial pH 0.5. The amount
of Cu sorbed increased with increasing pH until a plateau was reached at about
pH 4.0. These results show the strong pH dependence of Cu sorption on PCC.
Thus, pH 4.5 was selected for the subsequent experiments.

At the optimal initial pH, the sorption equilibrium of Cu was attained after
about 30 min.
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- Fig. 1. Influence of the initial pH
0 . : on the removal of Cu by PCC
0 1 2 3 4 5 6 7 (Batch experiment: Cu concentra-

tion: 20 mg dm3; PCC dose: 2 g dm3;
contact time: 1 h).
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Effect of initial copper concentration. The influence of copper concentration
on the sorption percent of Cu and sorption capacity of PCC for copper was inves-
tigated. As shown in Fig. 2, when the copper concentration was increased from 5
to 70 mg dm3, the percent Cu sorbed on the PCC decreased from 99.4 to 44.4 %.

100
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60 -

40

Cu removed, %

20 -

Fig. 2. Effect of the initial copper con-
0 o 1'0 2'0 3‘0 4‘0 5'0 6‘0 7‘ centration on the removal of Cu by PCC
(Batch experiment: PCC dose: 2 g dm3;

¢(Cu)/ mg dm® contact time: 1 h; pH 4.5).

Using the data in Fig. 2, the Langmuir equation was employed to study the
sorption isotherm of Cu.

The Langmuir equation is based on the assumption that maximum sorption
corresponds to a saturated monolayer of sorbate molecule on the sorbent surface,
that the energy of sorption is constant and that there is no transmigration of sor-
bate in the plane of the surface.

The linear Langmuir equation is as follows:

ce/qe = 1/(aOm) + ¢e/Om
where ¢, (mg dm33) is the concentration of the Cu solution at equilibrium, g
(mg/g) is the amount of Cu sorbed at equilibrium, Qy, is the maximum sorption
capacity and represents the practical limiting sorption capacity when the sorbent
surface is fully covered with a monolayer of sorbate molecules and a is the
Langmuir constant.

The Langmuir sorption isotherm of Cu sorbed on PCC is shown in Fig. 3.
The experimental result indicate that the sorption isotherm of Cu trapped on PCC
fitted the Langmuir model (R? = 0.9988). The maximum sorption capacity (Qy,) of
PCC for Cu, obtained from the slope (1/Qyy,) of the linear plot of ce/ge versus ce,
was 15.27 mg/g. The capacity of the PCC for other divalent metals is 12.62 mg/g
for cobalt, 13.89 mg/g for zinc and 12.91 mg/g for nickel.
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Fig. 3. Langmuir sorption isotherm
C. of Cu by PCC.
Column procedure

Column operation conditions. The column operation conditions were exami-
ned with different volumes of a solution containing 20.0 pg copper at the opti-
mum pH value. The volume of the copper solution was varied in the range of 50—
—500 ml under the optimum conditions, keeping the other variable constant. The
experimental results indicated that the sorption was almost constant up to 400 ml.
However, for convenience, all experiments were conducted with 100 ml of aque-
ous phase. The flow rate of the copper solution was varied from 0.5-5 ml min—!.
Figure 4 shows that the flow rate in the range 0.5-4 ml min~! did not affect the
copper sorption. A flow rate of 2 ml min~—! was used in all further experiments.
Preliminary observations indicated that copper was eluted quantitatively with 5.0 ml
of 1.0 mol dm=3 hydrochloric acid. It was found that a flow rate lower than
1.5 ml min~! did not affect the elution of copper (Fig. 4). Therefore, 5.0 ml of
1.0 mol dm3 hydrochloric acid and eluant flow rate of 1.0 ml min~! were used in
the present work. Thus, the quotient of the largest sample volume and the eluant
volume was 80. After elution, the column was washed to neutral pH with doubly
distilled deionised water and then 5 ml of 0.10 mol dm=3 sodium hydroxide was
passed through before finally thoroughly washing with sufficient doubly distilled
deionised water for reuse of the PCC.

Interference of foreign ions. The interference of common foreign metal ions
on the preconcentration of copper were investigated by adding individual foreign
metal ions to 100 ml of a 200 pg dm—3 copper solution at the optimum pH value
and determining the recoveries of copper applying the proposed procedure. The
tolerance limits of the foreign metal ions, defined as the largest amount making
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the recoveries of copper less than 95 %, were found to be 2.000 g dm=3 for
Natand K*, 1.000 g dm3 for Ca2*, 0.500 g dm=3 for Mg2", 100 mg dm3 for
Co2*, Mn2*, Ni2*, Pb2* and Zn2*. As the contents of these metal ions in com-
mon samples are within the tolerated concentration range, they will not interfere
with the preconcentration of copper.

100 M

80
60

40 |

Cu recovered, %

- 1
2 Dl Fig. 4. Influence of the sample and eluant

4 cluant flow rate on the removal of Cu by PCC (Co-

0 . v v v w yw  lumn experiment: Cu— 20 pg; sample volu-

05 1 15 2 25 3 35 4 45 5 me— 100 ml; sample/eluant flow rate — 2/1
Flow rate, ml min™ ml min'!;pH 4.5).

Regeneration of column. The stability and potential regeneration of the co-
lumn were investigated. Twenty sorption—elution cycles were performed by ma-
king four runs on the same day and the next four runs one day later. The column
was stored in doubly distilled deionised water. As shown in Fig. 5, the column
was relatively stable up to at least 20 preconcentration—elution cycles without an
obvious decrease in the recovery of copper.
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Fig. 5. Effect of recycle time on the removal
0 : : : of Cu by PCC (Column experiment: Cu — 20 pg;

1 4 7 1013 16 19 gample volume — 100 ml; sample/eluant flow
Number of cycles rate — 2/1 ml min’'; pH 4.5).
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Copper determination in real water samples

In order to check the validity of the proposed method, the method was ap-
plied to determine trace amounts of copper in natural and drinking water sam-
ples. The natural water samples were collected from the Mirror Lake, the Yang-
tze River in or around Wuhu city, China. The drinking water sample was pur-
chased from a local supermarket. The natural water samples were filtered through
a membrane filter (0.45 pm), and then 100.0 ml of the filtrates or drinking water
were subjected to the recommended column procedure for the preconcentration
and determination of copper ions directly and after standard addition. The ana-
lysis was repeated five times and the results obtained were compared with the
values determined by ICP—AES in Table 1. It could be seen that the recovery ob-
tained from the real water samples (97.9-102.1 %) was comparable to that gained
by ICP-AES (97.8-100.5 %, data not shown), and the performance of the me-
thod was very good in natural and drinking water samples. Finally, the relative
standard deviation of the copper determination in the examined real water sam-
ples ranged between 2.6 and 4.1 %.

TABLE I. The results of copper determination in natural and drinking water samples

Copper
Sample Added Found Recovery RSD ICP-AES
pg dm ug dm’3 % % pg dm
Lake water 0 23.5 - 3.6 24.4
100 125.6 102.1 2.7 124.9
River water 0 28.6 - 3.8 28.2
100 126.9 98.3 2.6 126.0
Nongfu spring® natural 0 8.4 - 4.1 8.2
drinking water 100 106.3 97.9 3.4 107.8
CONCLUSIONS

A simple, accurate and sensitive method for the preconcentration and deter-
mination of copper by FAAS in large volumes of water samples using PCC as the
extractant has been developed. The preconcentration technique used in this work
is very inexpensive since only 0.10 g of sorbent is required in column operation
and which could be repeatedly used at least 20 times. An 80-fold preconcentra-
tion factor can be achieved under the optimum column conditions. The duration
of the preconcentration step, which includes preconcentration of the sample and
regeneration of the column, is about 70 min for 100 ml of sample solution. More-
over, as copper can be sorbed quantitatively over a wide pH range, no buffer was
required to control precisely the pH values. The detection limit achieved was sa-
tisfactory for the examined samples. The proposed method was employed for
preconcentration and determination of copper in natural and drinking water sam-
ples by FAAS with satisfactory results. In conclusion, the proposed method is
excellent in regards to simplicity, sensitivity, selectivity, reliability, accuracy and
column stability.
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U3BOJ

OJPEBUBAILE TPAI'OBA BAKPA V Y30PLITUMA BOJE INTAMEHOM ATOMCKOM
ABCOPITIMOHOM CIIEKTPOCKOIINJOM IIOCIJIE TTIPEKOHIIEHTPHCAIBA HA
MMTAMYYHOM XEJIATOPY TPETUPAHOM ®OCPOPHOM KHMCEJIMHOM

RENMIN GONG, DEMIN ZHANG, KEDING ZHONG, MIN FENG u XINGYAN LIU

The Laboratory of Bio-Macromolecular Evolution, College of Life Science,
Anhui Normal University, Wuhu, 241000, P R China

VY pany je npukazano nobujame (ocdopucanor namyqnor xenaropa (PCC) ecrepuduxa-
uujoM ochopue kucenmne (PA) y uBperoj pasu, Ha onmManrheHIM MaMy4YHAM BIaKHHMa moMohy
ypee kao karanusaropa. JJooujenn PCC ynorpebsbeH je 3a MpeKOHLEHTpHCcame Oakpa U3 y3opaka
BOJIe paau oapehuBama miaMeHoM aToMcKkoM abcoprunoHoM cnekrpockonujom (FAAS). Tlpekon-
LIeHTpHUCcambe Oakpa MCIUTHUBAHO je TeXHHKaMa Ipynucama 1 kKojone y oonactu pH 4,0-7,0. Bpeme
COpIIIFje 32 CBAKH y30paK y METOAM TpyIHcama n3HocH Mamke on 30 min. [loOujeHo je na kama-
murer PCC 3a coprmujy 6akpa m3nocu 15,3 mg/g npu ontumannoj pH Bpennoctu. KBanturatnsHO
HCIHpae MOCTHTHYTO je pactBopoM 1,0 mol dm™ xmoposogonmune kucennme. IIpoTok pacTBopa
GaKpa oTpebaH 3a KBAHTHTATHBHY COpHIHjy y Kononu ca PCC mymemem usocu 0,5-4,0 ml min!,
JIOK je ONTHMAJIHHM IPOTOK PacTBOPa XJIOPOBOJOHWYHE KUCEJIHHE IOTPEOHOT 3a JECOPILHjy MambH
ox 1,5 ml min'!. daxTop npexorneHTpUCaBa 0 0KO 80 MO3KE ce MOCTHAM TI0T ONTHMAITHIM yCII0-
BHMa y KOJIOHH. VICHTHBaHU Cy IpaHUIE TOJNEPaHIHje 32 MPEKOHIIEHTPHUCAe METAIHUX jOHA CIIU-
4yHUX Oakpy ¥ Opoj MOHOBHUX Kopumhema KojoHe. IIpeioxkeHn MeTo I YCIIeNHO je IPHMEHEH 3a
MpeKOHLIETpUCake 0aKpa y TparoBuMa W HEroBo oapehuBame y y3opumma mpupoaHe u nujahe
Bojie MeTonioM FAAS.

(ITpumsseno 20. ¢pebpyapa, peBuaupato 8. asrycra 2007)
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