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DETERMINATION OF TRACES OF CADMIUM AND LEAD FROM FRESH WATER
BY ELECTROTHERMAL ATOMIC ABSORPTION SPECTROMETRY
AFTER FLOTATION PRECONCENTRATION

Trajée Stafilov and Katarina Cundeva

Institute of Chemistry, Faculty of Science, The "Sv. Kiril & Metodij" University,
POB 162, 91001 Skopje, Republic of Macedonia

We have developed a procedure for the simultaneous determination of trace levels of Cd(II) and
Pb(Il) in fresh water based on precipitate tlotation with hydrated iron(Ill) oxide and iron(Ill) tetramethyle-
nedithiocarbamate. Electrothermal atomic absorption spectrometry (ETAAS) was used as an instrumental
method for a quantitative determination. All important parameters necessary for successtul flotation
(optimal mass of collectors, pH of the medium, ¢ potential of the surface of the collector particles, type of
tenside, induction time etc.) were investigated. The detection limit (3 s-level) of the ETAAS method is 0.04

pgdm™ for Cd and 0.30 p.Lg'dm"" for Pb.
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INTRODUCTION

The determination of trace metals in fresh water
requires the use of sensitive analytical methods and the
development of procedures with very low detection
limits. Atomic absorption spectrometry (AAS) is suit-
able for such determinations, but the levels of Cd(Il)
and Pb(II) in fresh water still provide a preconcentra-
tion before their instrumental analysis, Much attention
has recently been given to Cd(1I) and Pb(Il) enrichment
by precipitate flotation before their determination by
flame atomic absorption spectrometry (FAAS) [1-3].
but literature dealing with precipitate flotation separa-
tion in combination with ETAAS is scanty [6]. Among
the various techniques for the separation of trace cobalt
and nickel from large volumes of dilute aqueous solu-
tion, the flotation procedures turned out to be very
simple compared with classical separation methods
such as liquid-liquid extraction, ion-exchange. copre-
cipitation erc. [1-2, 7].

The present paper is the first attempt for electro-
thermal atomic absorption spectrometric determination
of Cd and Pb after a preconcentration by colloid pre-
cipitate flotation using a combination of two coiloid
collectors hydrated iron(III) oxide (Fe.Os.xH,0) as the
first, and iron(Ill) tetramethylenedithiocarbamate
(Fe(TMDTC)5) as the second additional collector. The
same combination of collectors have been applied [8]
for separation of Cd from sea water using neutron acti-
vation analysis. The necessity of the first induction time
[2. 9-12] for a coprecipitation with Fe,O3xH,O as a
first collector was investigated. The improvement of the
Cd and Pb separation by using Fe(TMDTC); as a sec-
ond collector was studied. The proposed method is
simple, rapid. and applicable to the Cd and Pb separa-
tion at ug dm™ levels from fresh water.

EXPERIMENTAL

Apparatus

1. The flotation cell used to carry out the precon-
centration was a glass cylinder (4 x 105 cm) with a sin-
tered glass disc (porosity No. 4) at the bottom to gener-
ale air bubbling.

2. Atomic absorption spectrometric measurement
of Cd and Pb were performed with a Perkin-Elmer atomic
absorption spectrophotometer Model 1100B equipped
with a HGA-700 graphite furnace. The Perkin-Elmer
hollow cathode lamps were used as primary sources.
Pyrolytically coated graphite tubes were used. Instru-
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mental parameters (temperature and time) for ETAAS
were established by extensive testing and they are: 110 °C
and 20 s (for drying), 300 °C and 20 s for Cd, and 350 °C
and 20 s for lead (for charring), 2000 °C and 5 s for
cadmium and 2100 °C and 5 s for lead (for atomizing),
and 2650 °C and 5 s (for cleaning).

3. Inductively coupled plasma-atomic emission
spectrometric measurements (ICP-AES) were perfor-
med by Varian spectrometer Model Liberty 110,

Reagenis

All reagents used were of analytical-reagent grade
except for sodium dodecylsulfate (NaDDS) and sodium
oleate (NaOL). Aqueous reagents were prepared in
deionized redistilled water. By dissolving cadmium metal
(0.50 g) in conc. HNO; (12 em®) and diluting to 500 cm’
by redistilled water the stock solution of Cd (I mg cm™)
was prepared. The Pb stock solution (1 mg cm™) was
made by dissolving Pb(NOs), in redistilled water. Be-
fore each investigation. standard solutions were freshly
prepared by diluting these Cd and Pb stock solutions.
An iron(IIT) solution (30 mg as | mg+ cm™) was pre-
pared by dissolving high-purity iron metal (Merck,
Darmstad) in conc. HNO;. By dissolving an appropriate
quantity of crystal ammonium tetramethylenedithio-
carbamate (NH,TMDTC) in water, the stock solution of
this reagent was prepared as 0.1 moldm™. Before each
flotation the solution of NH,TMDTC was filtcred. The
0.5 % (m/v) solutions of tensides used were prepared by
dissolving appropriate amounts of NaDDS and NaOL
in 95% ethanol. The pH of the working solutions was
regulated by 0.1 mol * dm™ solution of HNO; and 2.5
% and 10 % (m/v) solutions of KOH. A solution of KCI
(3.57 mol'dm™) served as an ionic strength adjuster.

Procedure for flotation

The procedure was to utilise clear and uncon-
taminated fresh water. The samples investigated were
tap water from the city of Skopje (from the spring
Rasée) and water from lake Ohrid. Macedonia. Immedi-
ately after the sampling, the lake water was filtered trough
a membrane filter (0.5 pm of pores) to remove the lake
plankton. The tap water was not filtered. To prevent the
possible hydrolytic precipitation of some mineral salts,
a few cm’ of conc. HNO; was added to 1 dm® of natural
water. yielding to a pH of ca. 2.8 - 3.

An acidified water sample (1 dm”) was placed in
a 1000 cm’ beaker. After adding 6 cm® of KCl and 1 cm’
30 mg cm™ of the Fe(NO;); solution, the pH was ad-
justed to 5.5 with a solution of KOH (2.5 or 10 %). The
yellow-brown precipitate was stirred 5 minutes (a first in-
duction time 7). Then. to the solution with the precipi-
tate of Fe;O;+ xH-0. 2 cm® of NH,TMDTC were
added. The precipitate changed its colour to black
Fe(TMDTC),. After stirring for an additional 15 min (a
second induction time 7). 0.6 cm’ of NaDDS and NaOL
alcoholic solutions were added and the contents of the
beaker were transferred quantitatively into the flotation
cell with a small portion (2-3 cm’) of 0.1 mol dm™
NH,NO;. Air (50 cm’/min) was passed from the perfo-
rated bottom of the cell for 1-2 min. Then a glass pi-
pette-tube was immersed into the cell through the foam
layer and the water phase was sucked off. Hot conc.
HNO; solution (10 cm’) was added to the cell to destroy
the scum. The solution was sucked off and collected in
a volumetric flask of 25 cm’. The cell and the pipette-
tube were washed with 4 mol * dm™ HNO; solution.
The flask was filled up to the mark with the same solu-
tion (4 mol * dm™ HNO;) and the sample was ready for
AAS measurements.

RESULTS AND DISCUSSION

Collector mass

The optimal mass of the first and the second
collector was determinated through the mass of Fe(III)
as a constitutive element of the two collector used. The
effect of collectors mass on the Cd and Pb recoveries
was investigated as a function of the amount of Fe(III)
added. At first, the series of flotation with Fe,05-xH-0,
then with Fe(TMDTC)s, were performed by adding
different mass concentration of Fe(III) (2.5-100 mg dm™)
to the working solutions at a constant pH (5.5) and
ionic strength (0.02 mol * dm™). The collectors' pre-
cipitates were obtained from the water solution contain-
ing 25 and 50 pg Cd and Pb, respectively. The data are
given in Tables 1 and 2.

~ The recoveries of Cd and Pb obtained by flota-
tion with only Fe,O;-xH,O as collector at pH 5.5 show
that they coprecipitated partially and insufficiently (Table

1). At this pH. the Cd recoveries obtained with 30 mg
of Fe(IIl) were 13.2-22.4 %. while the Pb(II) recoveries
obtained with 30 mg of Fe(III) were 86.5-93.5 %. These
data prove that the part of Fe-0;-xH-O as collector in
the recommended procedure with two collectors at pH
5.5 was not adequate for a complete separation from water
matrix as Feng and Ryan asserted [8]. The data in Ta-
ble 2 shows that the leading role in the preconcentra-
tion was performed by Fe(TMDTC); as the second col-
lector which has a bigger hydrophobility. Under the
same conditions Cd recoveries with 30 mg of Fe(III)
were 96.4-97.0 %. while Pb recoveries with 20 mg of
Fe(III) were 96.1-97.2 %. The different mass of analyts
(25 and 50 pg) had no appreciable effect on the flotation
efficiency. This proves that the first induction time [9, 10]
for the coprecipitation of Cd and Pb with Fe,Os-xH,O
could be reduced. because Fe(TMDTC); as collector
played the crucial part of the whole flotation procedure.
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Table 1
Dependence of the Cd and Pb flotation recoveries (R) on the iron(Ill) mass coprecipitating
with Fe-03;xH,0 at a constant pH (5.5) and ionic strength (0.2 mol * dm> KCl)
R (%)
7 (Fe)* y(Cd™) y(Cd™) 7 (Pb™) 7 (Pb™)
mg dm™ 1 pg em™ 2pgem™ | pgrem™ 2 pgem™
2:5 12.4 8.6 65.4 65.1
5.0 157 11.2 76.0 66.0
10 19.8 11.6 81.0 72.4
20 223 12.2 87.5 80.3
30 224 13.2 93.5 86.5
40 238 14.1 97.0 92.8
60 249 16.3 971 95.2
80 29.0 223 97.2 95.3
100 332 26.7 97:3 93.3
*y — mass concentration given in mg * dm™ or Hg * cm 5
Table 2

Dependence of the Cd and Pb flotation recoveries (R) on the iron(Ill) mass coprecipitating
with Fe(TMDTC); at a constant pH (5.5) and ionic strength (0.2 mol - dm™ KCl)

R (%)

7 (Fe) y(Cd™) y(Cd™) 7 (Pb™) y (Pb™)
mg dm™ | pg em™ 2ug cm™ 1 ug-cm_3 2 ng em’ ?
2.5 60.9 70.6 75.0 753
5.0 70.1 78.0 79.1 80.1
10 175 87.2 86.2 87.1
20 89.8 92.0 96.1 97.2
30 96.4 97.0 96.3 99.8
40 98.7 99.0 96.5 100.0
60 98.9 99.2 97.5 99.3
80 99.4 99.9 98.0 100.0
: 100 100.0 100.0 100.0 100.0

[nac. xem. TexHon. Makeponnja. 15, 2, ¢. 93-99 (1996)
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Influence of pH

The influence of pH on the Cd and Pb flotability
was studied at different pH values from 250 ml solu-
tions containing 25 and 50 pg of analyt with a constant
mass of Fe(IIl) (30 mg for Cd and 20 mg for Pb) at a
constant ionic strength (0.02 mol * dm™). The medium
pH was controlled within the working range of 3.5 to
6.5. An investigation for pH higher than 6.5 was not
performed. Namely. at pH higher than 6.5 the collector
Fe(TMDTC); does not exist because of its hvdrolysis.
Fig. 1 and 2 illustrated a significant effect of pH on the
Cd and Pb recoveries within the range of 5.0 to 6.5,
The recoveries within the pH range of 3.5 to 4.5 were
poor because of an hydrolysis of NaDDS and NaOL as
anionites.

R (%)
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Fig. 1. Dependence of the Cd flotation recoveries
on the medium pH
(—— y(Cd)=1pg* em™ —x—y(Cd)=2 pg- cm™)
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Fig. 2. Dependence of the Pb lotation recoveries
on the medium pH
(—— y(Pb)=1pg* cm™, —x-— y(Pb)=2 pg * cm™)

Induction time

The time necessary for incorporation of the Cd
and Pb in the collector precipitates is termed the induc-
tion time — 7 [2, 9]. The proposed procedure provides
two induction times: the first (7;) with Fe;Os-xH-O and
the second () with Fe(TMDTC);. The investigation of
the relation between the Cd and Pb recoveries and 1
and 7, respectively, are given in Table 3. From the re-
sults, it can be concluded that the separation of Cd and
Pb was quantitative over a range of 3 — 20 minutes
(Table 3). In practice, the first induction time of 5
minutes and the second induction time of 15 minutes
were used.

Table 3

Influence of the induction time on C'd
and Pb flotation recoveries

7 / min 5 10
y(Cd*) w/min 10 10 15 15 e 20

1 pgem™ R (%) Dottt dieeciDdee 030 978

L
W
n

i/ min 5 10
y(Pb™)  m/min 10 10 15 15 .20

| pg em™ R (%) 043 Hal 1001 99] 993

Choice of tensides

The choice of tensides were done according to
the signs of the electrokinetic £ potentials of two collec-
tors used at the pH of the investigation (5.5). The col-
lector particles of Fe.O3-xH>O had a positive £ potential
of 0.026 V, while the ¢ potential of Fe(TMDTC); par-
ticles was 0.046 V. According to the signs of the £ po-
tentials of the two collectors used. they need anionits
during the step of flotation, The combination of two
anionits NaDDS and NaOL was shown successfully.
NaDDS provides a good foaming in hard water because
of its solutile of calcium and magnesium salts. The long
chain of NaOL increases the aerofility of collector par-
ticles. When NaOL is added to the system the air bub-
bles attached and fixed more easily to the collector par-
ticles and the foaming is much better.

Detection limit

The detection limits (0.04 pg dm™ for Cd and
0.30 pg dm ™ for Pb) were estimated as three values of

Bul Chem. Technol. Macedonia, 15, 2, p. 93—99 (1996)
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the standard deviation (0.013 pg-:dm™ for Cd and
0.10 pg * dm > for Pb) from ten successive blank meas-
urements. The relative standard deviations were esti-
mated to be 4.80 % for Cd and 5.32 % for Pb.

Analysis of natural water

The proposed procedure has been verified by
the ETAAS analysis of natural water samples with the

Table 4

method of standard additions. Known amounts of
cadmium and lead were added to 1 dm’ aliquots of lake
and tap water samples and then were floated and tested
by ETAAS. The recoveries of 93.9-105.3 % for cad-
mium (Table 4) and 94.2 to 107.6 % for lead (Table 5)
show that the separation of these Cd and Pb is satisfac-
tory. The results obtained by ETAAS were compared
with ICP-AES results; the sample were concentrated by
evaporation (from volume of 1000 ml to 25 ml) of tap
and lake water (Tables 4 and 5).

Results of the determination of cadmium in natural water with the method of standard additions (n = 5)

ETAAS ICP-AES
Sample of water Added Estimated Found R Found
g * dmn 3icd pgrdm>Cd  pg- dm™ Cd (%) pg * dm™ Cd
Ljubanista (Oh.)* 0.00 - 0.55 e 0.50
G5 BHME 1.25 1.80 1.89 105.0
pH =730 2.50 3.05 3.20 | 104.9
Gradista (Oh.) 0.00 - 0.17 - (.20
6.61 DH" 1.25 1.42 1.45 102.1
pH =743 2.30 2.67 2.70 101.1
““““““ Labino ((j)h,; 0.00 — 0.60 % 0.61
3.91 DH® 1:25 1.85 1.87 101.1
pH=7.89 2.50 310 2.90 93.9
Daljan (Oh.) mw('ul.n(_u — 0.18 = -
5.97DH° 1.25 1.43 1.50 104.9
pH=7.68 2.50 2.68 2:55 95.1
,,,,,,,,,, o e UUO - o : o
20.26 DH” 125 1.33 1.40 105.3
pH = 7.08 2.50 2.58 2.65 . 102.7

* Oh. — Water from localities at Ohrid lake

** DH (Deutsche Herte) — German degree of water hardness
#*#% Sk. — Tap water from the city of Skopje (spring of Ra3te)

I'nac. xeM. TexHon. Makenonuja, 15,2, c. 93-99 (1996)
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Tablews

Results of the determination of lead in natural water with the method of standard additions (n = 3)

ETAAS ICP-AES
Sample of water Added Estimated Found R Found
pg dm>Pb  pg dm®Pb  pgc dm™Pb (%) pg * dm™ Pb
Ljubanista (Oh.) 0.00 - 4.12 - 425
6.75 DH" 2.50 6.62 6.51 98.3
pH =730 6.25 10.37 11.16 107.6
Gradista (Oh.) 0.00 - 1.31 - 1:32
6.61 DH” 2.50 3.81 3.85 101.0
pH =743 6.25 7.56 7.12 94.2
Labino (Oh.) 0.00 - 12.10 - -
3.91 DH" pH=7.89 2.50 14.6 13.98 95.8
Daljan (Oh.) (.00 - 375 - -
5.97 DH®, pH=7.68 2.50 825 8.22 99.6
Rasee (Sk.) (}.L‘)('l - 2.18 - 2.25
20.26 DH" 2.50 4.68 4.53 96.8
pH=7.08 6.25 8.43 8.56 101.5

CONCLUSION

The results presented in this paper confirm that
the recommended precipitate flotation can be applied as
a preconcentration procedure of cadmium and lead in
fresh water before their determination with ETAAS.
The necessity of the first induction time, for a copre-
cipitation step of flotation with Fe-O5-xH-O as the first
collector was investigated. The use of Fe(TMDTC); as
a second additional collector, which improves the scpa-

ration of Cd and Pb from the water sample processing,
was studied. The dithiocarbamate added increases the
hydrophobility of the sublate which is the most impor-
tant criterion for the successful flotation separation.
The elements can be determined separately or simulta-
neously as a mixture by previous correlation of their
optimal parameters.
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Peszume

®JTOTAIIMOHO KOHUEHTPUPAIBE HA TPATH O/l KAJIMUYM H 0J10BO O] CJIATKH BOJIN
W HUBHO OINPEJIETYBAILE CO EJEKTPOTEPMUYKA ATOMCKA AIICOPIIAOHA
CIIEKTPOMETPHIJA

Tpajue Cradunos u Karapuna Yynnesa

Hrucimiwiy i sa xemuja, [IM®, Yuusepsuiweir ,,Co. Kupua u Metttoouy ™
. ghax 162, 91001 Croije, Peitybauxa Maxedonuja

Kiryunu 360poRs: KaJMHYyM: OTIOBO; OMPeleNyBakhe: MPeTKORIEHTpaunja; proTaumnja; Boja;
eNEKTPOTEPMHIYKA ATOMCKA allCOPNLHOHA CIEKTPOMETPH]a; KOMEKTOPH;
xuppatusupan xeneso(lll) okenn: keneso(Ill) TeTpamMeTHNeHIHTHOKApOaMaT

PasbueHa e MOCTANKA 38 CHMYJITAHO ONpefenyBa-
we Ha Tparu o Cd(II) u Pb(I) Bo cnaTku BOogM 3acHOBaHa
Ha TanoxHa (rortauuja co XuapaTHiupan Kemeso(lll)
okenp (FerO3xH,0) u skeneso(lll) TeTpaMeTHICHAUTHO-
kapbamat (Fe(TMDTC)s). 3a KBaHTHTATHBHO ONpefeny-
Balhe Ha OBHE KOJIMIeHAN ¢¢ KOPHCTH eNeKpOoTepMHIKa-
Ta aToMcKa amcopnuuona cnekrtpomerpuja (ETAAC).
ONTHMHPAHH ce CHTe BaXKHH DapaMeTpH HEONXONHH 3a
yemelrHa (proTalnja; ONTHMANHA Maca Ha KOJEKTOPHTE,
pH Ha cpepMHaTa, ¢ MOTEHNH]jal HAa MOBPLUMHATA Off KO-
NEKTOPCKHTE TeCTHYKH, BHJ HA TEH3H], BpeMe Ha WHAYKIH]a
uTH. Mcmurana e ynorata Ha Fe;O3xHO 1 Fe(TMDTC)s,

[nac. xem. TexHon. Magenonuja, 15,2, c. 93-99 (1996)

KaKO KOMEKTOPH MPA MPOLEcOT HA KOMPEeUHIHTALR]aTa.
Hokaxano e geka ynmorpebarta Ha Fe(TMDTC)s, xako
BTOp JOJaTeH KONIeKTOp, ro mojobpyBa OJBOjJYBAKETO
Ha KONMUreHguTe of o6paborenarta BofHa asza. Momane-
HHOT JHTHOKapbaMat ja srojemysa xuppocdobHOCTA HA
cyBnaToT, KAKO HAJBAKeH KPHTEPHYM 3a YClellHa (io-
TauHoHa cemapanuja. Pesynrature gobuenn co ETAAC
ce CTMopefeHH CO Pe3yNTaTHTe JOOHEHH CO aTOMCKA eMH-
CHOHA COEKTPOMETPH]A CO MHAYKTHBHO COperHara Mnmias-
Ma Kako HesaBHceH MeTof. [paHHUaTa Ha [JeTeKlnja 3a
KaMHYMOT co MeTOfoT Ha ETAAC usHecysa 0,04 ug-dm'j,
nopeka 3a onooTo Taa e 0,30 pg-dm =2



