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Determination of Cadmium in Water Samples by Flame Atomic Absorption Spectrometry

after Co-precipitation with Copper-8- Hydroxyquinoline Using Cationic Surfactant
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Abstract

A preconcentration technique based on co-precipitation of cadmium with copper-8-hydroxyquinoline using cationic
surfactant, cetyl trimethyl ammonium bromide (CTAB), for the determination of cadmium in water samples, i.e. tap
water , ground water and drinking water by flame atomic absorption spectrometry was developed. The optimization
of important parameters, such as effect of pH, amounts of reagents, i.e. copper nitrate and 8-hydroxyquinoline,
surfactant concentration, co-precipitation time, centrifugation time, sample volume and interferences from various
metals were evaluated. Under the optimized conditions, the enrichment factor was 4.39. The detection limit
corresponding to three times of standard deviation (3s, n=10) was 4.03 pg/L. The percentage recoveries of cadmium
were found in range of 78.4 - 114.8 %. The precision defined as relative standard deviation (%RSD) were in the range
of 0.3 - 4.5% at the concentration of cadmium 25-300 ug/L. The developed method was applied for the determination

of cadmium in some water samples with satisfactory results.
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Figure 1 Influence of pH on recoveries of cadmium after
co-precipitation with Cu-8-hydroxyquinoline complex

(n=3)

J Sci Technol MSU

nazaslsanmaailules () AlFlunsanaznania

nnmMsansavesUIunamaatites (1) Tuas
S 0.1-2.5 Faan3u laols 8-laasand- a3ludn 10
188050 waz CTAB Wudu 0.01% vinwiinlasdsunas
AUy Usufaminiy 5 denslSiRaanaznowd
L 10 Wi Wiwwiesfianus 2,500 sausie
Wit 181 20 WAt NIWINAILEN ATANBAZNEw LAz
Yutiunasgareidu 2 §addas on anIa e NTY 4
Tuadadns udillaradadeintos auazaandauey
Fasndusalasiiines wuin YSumvesaedes () §
nagamIMIinaznauveinatiles-s-laasendad luan
athsnnn lagidarinmsaindSunawasaaiilad (1
1NN 0.75 VaaNSH danarin i leensasazmnduiuas
sauftasaniBinunetied (I AduAuneTmaIIAamS
Q@ij’uﬁﬁmaamnauﬁﬂﬁm@Lﬁsmﬁ@mmnmnamfm
Ietaaas (Figure 2) Fausodenidunotied (1) U3
0.5 aansutieltlunsinundudely

100
80
> ——CTAB
> 60 4
e —a—No CTAB
% 40 4
L
20
O 1 1 1 1 1
0 05 1 1.5 2 25 3

Amount of Cu (ll) (mg)

Figure 2 Influence of amount of copper on recoveries of cadmium

after co-precipitation with Cu-8-hydroxyquinoline complex
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Figure 4 Influence of CTAB concentration on recoveries of
cadmium (ll) after co-precipitation with Cu-8-hydroxyqui-

noline complex (n = 3)
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Figure 5 Influence of sedimentation time on recoveries of cadmium
after co-precipitation with Cu-8-hydroxyquinoline complex

(n=3)

NAYDIIAT WAL RN BIRENAZND®
NMIANBIA NN TD AT BILENATN WL D
WNUTEENTAIWINNTHENAZNa U0 DNINNRITAZAE LA
lﬂl U o v Q = dl d‘k v
ol ladnFesaznisnaudunuinin lagldzsazany
aatilas (1) 0.5 fiadn3u 8-laasendailudu 5 Aadniu
wae CTAB @atu 1.25x10° % ivdnlaudsunes Usuiies
WINAU 5 aNNE1eU G9ngbiiNaanaznawduiian 5 wif
w2 I UwIssNanusa 2,500 saudawf uan
1ua79 5-30 W17 NTURINN LN [zABAZNON BazlSU
Yunasgarnoilu 2 Hadfasedn ynTA luaINENTY 4 lua
@98a3 WAl laTatadluaIadwanaraaulauay
& o a & ' a y a
gaswtualalas-Aiaas wudanlslwnsduindos
81370 5 w1 ‘Lﬁ%aﬂa:miné’uﬁmaameﬁwvlﬁgmqﬂ
WinU 95.6 LLa:LﬁaLﬁmamrlumsmgum‘immﬂﬁuwmﬂ

20

J Sci Technol MSU

A¥osarmInauduilefieniAauasd uazTumwa liiuanss
(Figure 6) %ama:ﬁmm@lmmnmeﬁauﬁagﬂumﬂau
passItsznaudstauaansafianmazansagiuipne
pasmsazangleidedm sl ssiwnuAnluvinlilaen
o882 NINALABAAAT

100
> 80
(]
3
° 60 S
(14 —e— CTAB
2 40 4
—a—No CTAB
20 S
O T T T 1
0 10 20 30 40
Centrifugation time (min)
Figure 6 Influence of centrifugation time on recoveries of cadmium

after co-precipitation with Cu-8-hydroxyquinoline complex
(n=3)
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Table 1 Result of cadmium determination in water samples and percentage recoveries after co-precipitation with

Cu-8-hydroxyquinoline and CTAB addition

cd (i) Drinking water Tap water Ground water
Cd (I1) Cd (In) Cd (1)
added (ug/L) Recovery (%) Recovery (%) Recovery (%)
found (ug/L) found (ug/L) found (ug/L)
0 N.D. - N.D. - 0.0024 -
100 78404 78.4 + 0.04 90.3+ 0.1 90.3+ 0.1 96.5+ 0.9 96.5+ 0.9
200 180.5+ 0.7 90.3 + 0.04 226 £ 0.2 113.0+£ 0.2 229.6 + 0.6 114.8 £ 0.3

'N.D. = Not detectable
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Table 2 Influence of interfering ions on recoveries of cadmium (0.1 mg/L) using the proposed technique

Concentration of interfering ions (mg/L) 0.1 1 10 100
Interfering ratio 1:1 10:1 100:1 1000:1

Na" 101.1 £ 0.2 1132+ 0.3 99.2+04 105.3 £ 0.3
K 95.2+0.3 87.7+04 80.5+0.2 65.1+0.2
ca™ 102.3 £ 0.3 109.5 £ 0.5 814104 85.8 £0.2
Mg** 1071+ 0.4 101 £ 0.3 86.5+ 0.2 876 +0.3
zn* 104.2 £ 0.3 100.5 + 0.2 92.6+0.2 67.8+0.3
Pb** 97203 91.7+0.2 83.8£0.2 784 £ 0.3
Co™ 87.1+0.3 1032 £ 0.2 85.1+0.2 60.3+ 0.3
Ni** 100.3 £ 0.3 923+04 87.5+0.3 93.7+0.3
Fe* 97903 98.1 £ 0.3 1016 £ 0.4 108.1 £ 0.2

AMNAINTIID IBNIIILATIZNA (Analytical performance)
uazmInseaauaNalslaues3sRWmMwIT (Method
validation)
nvnaspuvssnaiamsanazneusiulag
Wisufeumsi@y CTAB uarlidiu CTAB fdwvinfu
y = 0.4712x - 0.0001 U8z y = 0.4431x - 0.0009 AWEG

%ﬁ‘hﬁ'@@‘i'}q@iumﬁ,ﬂswzﬁ (detection limit) AFANTLAN
uazlalidin CTAB &emnldfann 30, /slope fvinfiu 4.03
waz 1043 lulasn3udedias awddy Gsmsidn CTAB
gl laanwhlundieneAunnnin :nnmases
wuindaunataeslunsiindszansaaw (enrichment
factor) {eLvinny 4.39 Fawldanndandinuesnnuti
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gaqm’mmﬂﬁﬂﬁﬁwmﬁuﬁ@hmwﬁu 25 uazAEaLLL
NIAIPIUFNANTLYINALY 0.3-4.5% (Table 3-4)

Table 3 Optimization conditions for cadmium determination after co-precipitation with Cu-8-hydroxyquinoline

Parameter Result
Range of study Optimized conditions

pH 3-11 5

Amount of Cu(ll) (mg) 0.1-2.5 0.5
Amount of 8-hydroxyquinoline (mg) 0-30 5

Amount of CTAB (x10°% wi/v) 0-1.5 1.25
Sedimentation time (min) 0-30 5
Centrifugation time (min) 5-30 5
Sample volume (mL) 5-250 50

(at maximum PF with final volume of 2 mL)

Table 4 Analytical performance for determination of cadmium by co-precipitation method with Cu(ll)-8-hydroxyquinoline

complex

Condition of study ” Value ”
No addition of CTAB Addition of CTAB

Working range ( ug/L) 0-300 0-300
Linear equation from calibration curve with co-precipitation y =0.4431x - 0.0009 y =0.4712x - 0.0001
method with FAAS r’= 0.9995 r’=0.9947
Detection limit by co-precipitation method with 10.43 4.03
FAAS (ug/L)
Detection limit by FAAS (ug/L) 30 10
Enrichment factor (EF) 4.14 4.39
Preconcentration factor (PF) 5 5

(Maximum PF at sample

Volume of 50 mL is 25)
% Relative standard deviation (%RSD) 0.3-1.2 0.7 -4.5
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Table 5 Comparison of analytical performance using various co-precipitation techniques for determination of cadmium,

previous reports and present work

Analyte Precipitant Dissolution PF Detection Detection | %RSD | Reference
Limit (ug/L) method

Cu, Fe, Pb, Mn, | Co-diethyldithiocarbamate conc. HNO3 225 4-64 FAAS <7 [17]
Zn, Cd, Ni, Bi, Cr

Cu, Co, Cerium(lV) hydroxide conc. HNO3 375 0.18-7 FAAS <9 [21]

Pb, Cd, Ni

Pb, Cd, Cu(ll)-dibenzyldithiocarbamate conc. HNO3 50 0.34-0.87 GFAAS <10 [19]
Co, Ni, Mn

Pb Manganese dioxide HNOB/HZO2 75 3.2 ICP-OES <5 [22]
Cd, Cu, Pb Aluminium hydroxide 4 M HNO3 125 3-16 FAAS <10 [18]
Co, Mn Cu(ll)-8-hydroxyquinoline conc. HNO3 25 0.86-0.98 FAAS <10 [15]
Cd Cu(ll)-8-hydroxyquinoline/CTAB 4 M HNO3 25 4.03 FAAS 0.3-4.5 | This work
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