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Abstract

Co-precipitation technique using copper (lI) methylbutyldithiocarbamate prior to Nickel (II), manganese (ll), cobalt
(I1), lead (Il) and chromium (lll) determinations their aqueous standard solutions by spectrophotometric method was
developed in this study. The effect of pH, sample volume, amounts of methylbutyldithiocarbamate and copper (l1) on the
recovery of metal ions were studied. The heavy metals in the precipitate were determined by Flame Atomic Absorption
Spectrophotometry (FAAS). The detection limits for the determination ranged from 0.003 mg/L to 0.006 mg/L. The co-
precipitation procedure was applied for spectrophotometric determination of the heavy metals in water and sediment
samples from River Ufara in Igbokoda of Ondo State, part of Nigeria where oil companies were at a time already
operating. The mean concentration (ppm) of Ni, Mn, Co, Pb and Cr were 11.7 + 5.5 and 13.2 + 1.1; 18.7 + 4.2 and
63.4 £ 18.2;1.52 + 0.11 and 5.60 + 1.30; 7.8 £ 1.5 and 21.9 £ 3.2; 6.06 £+ 0.80 and 19.5 + 0.9 for water and sediment
samples respectively. The mean concentrations of these metals for samples from this area were significantly different
from corresponding concentrations for control samples which signified an evidence of metal pollution attributed to oil
relating activities. There was also no significant difference in the concentrations of metals in samples using spectrometric

technique with co-precipitation procedure and without co-precipitation procedure.
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Introduction

The world is grappling with enormous and unprecedented
environmental crises. These include massive destruction of natural
water bodies such as rivers and streams at an alarming rate resulting
in tremendous increase in water contamination and accumulation of
contaminants in sediments beyond the levels that can be self-purified
by the hydrosphere nor assimilated by aquatic organisms. Nearly
every government around the world advocates for river water free
from harmful contaminants for their citizens who rely absolutely on
such type of water for drinking and domestic purposes. One of such
contaminants includes heavy metals [1,2]. There has been increased
concern regarding deleterious effects of heavy metals such as lead,
cadmium, mercury, nickel, copper, and zinc as contaminants in rivers
and sediments. Fish caught in rivers with elevated levels of these metals
such as mercury resulted to a high incidence of mental retardation,
seizure and pyramidal signs [3-6]. Outbreak of health disorder had been
linked with the use of heavy metals contaminated rivers for drinking
and cooking [7,8]. Also, sediment contamination poses one of the worst
environmental problems in marine ecosystem [9,10]. These incidences
could clearly be as a consequence of the effect of either contaminated
run off from agricultural field, disposal of sewage and industrial
wastes or heavy ship traffic [11]. The serious adverse effects of water
pollution by toxic heavy metals on humans and wildlife especially in
Bangladesh and West Bengal in India [12] and California in the United
State [13] had been reported. Some other prominent studies done on
the heavy metal contamination of water environment traceable to
industrial, agricultural, urban, mining and smelting activities had been
documented in the literatures [14-18]. Heavy metals in water quality
assessment are usually determined by atomic absorption spectrometry
(AAS) with flame or graphite furnace and atomic emission-inductively
coupled plasma (ICP) spectrometry, after acid digestion of the
samples. Anodic stripping voltametry (ASV) and other electrochemical
techniques such as polarography have been used for some the metals.

Spectrophotometric methods based on colour development after
addition of specific reagents have also been used. Conventional atomic
absorption spectrometry is suitable for most metals. However, for some
metals such as Hg, As and Se which are not of interest in this study, the
method has to be modified. Cold vapour flameless AAS is generally
used for Hg while hydride generation has been used for As and Se. Also,
some interfering effects in the determination of heavy metals especially
chromium by AAS has been reported [19]. Hexavalent chromium
can be easily reduced to the trivalent state in polluted waters from
anoxic environments. So, the determination of such metal in water
sample might require the application of preconcentration technique.
Chelate extraction is one of the preconcentration techniques most
frequently described in the literatures. Therefore, a simple, rapid,
reliable and non-expensive analytical method commonly employed
for the determination of these heavy metals in environmental samples
is Flame Atomic Absorption Spectrophotometry (FAAS) [20-23].
This method is highly selective but less sensitive compared with
other spectra methods such as inductively coupled plasma - mass
spectrometry (ICP-MS), inductively coupled plasma — atomic emission
spectrometry (ICP-AES) and graphite furnace — atomic absorption
spectrometry (GF-AAS) which are costlier [24]. Thus, coprecipitative
preconcentration procedure prior to FAAS determination of heavy
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method is often employed. The procedure is efficient and has come to
the forefront in view of the several advantages if offers. These include
the fact that the technique is simple, fast and several metal ions can
be preconcentrated and separated from sample matrix simultaneously
[20]. Coprecipitation by dithiocarbamate (as an organic chelating
agent) of various metal ions from environmental samples such as
rivers and sediments has been reported: dibenzyldithiocarbamate [25],
4-methylpiperidinedithiocarbamate [26], pyrrolidinedithiocarbamate
[27] and cyclo-hexylmethyldithiocarbamate [28]. Dithiocarbamate is a
strong chelating and co-precipitating agents for heavy metals due to the
presence of sulfur donor atoms in its structure. Using dithiocarbamate
as a chelating agent, a precipitate is formed by the combination of a
carrier element such as copper, nickel, aluminium and magnesium
which have been used for preconcentration studies [29,30]. Based on
our literature search, this is the first time methlybutyldithiocarbamate is
utilized for the coprecipitation procedure prior to FAAS determination
of metal ions. In this study, copper was employed as a carrier element
and methylbutyldithiocarbamate as chelating agent to establish a co-
precipitation procedure for Ni (II), Co (II), Cr (III), Mn (II) and Pb (II)
prior to their determination by FAAS. The procedure was applied to
the determination of these metal ions in water and sediments samples
from River Ufara of Igbokada of Ondo state, Nigeria.

Experimental Analysis
Instruments

Heavy metals concentrations were measured with a Perkin
Elmer AAnalyst 200 (Massachusetts, USA) Atomic Absorption
Spectrophotometer with deuterium background corrector. This
instrument with slit range of 1.8 - 2.7 mm was equipped with a hollow
cathode lamp and operated in the air-acetylene flame mode. The lamps
for the heavy metals were operated at standard wavelengths specified
in the manufacturer’s manual. A pH meter, Jenway 3520 model glass-
electrode was utilized for measuring pH values of the buffer and other
aqueous solutions. Hitachi - High Speed Refrigerated Centrifuges
(Himac CR21GII) was used to centrifuge all solutions.

Preparation of reagents and solutions

Analytical grade reagents of high purity from Sigma (St Louis,
MO, USA) were used for preparation of stock standard solutions.
Working standard solutions were obtained by appropriate
dilution with de-ionized distilled water which was equally used
throughout the experimental work. A 1% (w/v) solution of sodium
methylbutyldithiocarbamate [Na(R R dtc)] was prepared by dissolving
1.0 g of the salt in little ethanol, then made up to 100 mL with de-
ionized distilled water. RR, and dtc represent methylbutyl and
dithiocarbbamate respectively. 31 mL (0.52 mol) of carbon disulphide
and 40 mL of 50 % aqueous solution of sodium hydroxide were added
to a stirring solution of 0.5 mol disubstituted amine, R R, NH, in 50 mL
ethanol at below 4 °C. After about 5 hours of stirring, the ligand formed
was recrystallized from the solution of ethanol and dried over silica gel
in a desiccator.

In the preparation of copper (II) methylbutyldithiocarbamate, an
aqueous solution of sodium salt of methylbutyldithiocarbamate ligand
(0.01 mol) was added in drops to the stirring solution of copper (II)
chloride dihydrate (0.005 mol) dissolved in 20 mL of deionized water.
The precipitation of the product was immediately formed. The reaction
(Figure 1) continued with stirring for about an hour after which the
precipitates formed were obtained by filtration under suction. Washing
of the solid products was done with deionized water and these solids

were dried in vacuo over silica gel. The synthesis, characterization
and antimicrobial activity of this complex used for this study has
been reported by Odola and Woods [31-33]. Standard stock solutions
containing 1000 pug mL™"' analyte each were prepared in 1 L volumetric
flask from nitrate salts of Pb, Cr, Co, Ni and sulphate of Mn. Diluted
standard solutions were prepared from the stock standard solutions.
For pH adjustment, each of the following buffer solutions was prepared
in 500 mL volumetric flask and made up to the mark with de-ionized
distilled water.

Preparation of buffer 2 solution: 3.8002 g of sodium di-hydrogen
phosphate (NaH,PO,) was dissolved in 9.0 ml of 85% phosphoric acid
(H,PO,).

Preparation of buffer 3 solution: 13.8007 g of sodium di-hydrogen
phosphate (NaH,PO,) was dissolved in 0.60 mL of 85% phosphoric
acid (H,PO,).

Preparation of buffer 4 solution: 77.0003 g ammonium acetate
(CH,COONH,) was dissolved in 413.0 mL acetic acid (CH,COOH).

Preparation of buffer 5 solution: 13.1008 g sodium di-hydrogen
phosphate (NaH,PO,) was mixed with 2.4002 g disodium hydrogen
phosphate (Na,HPO,).

Preparation of buffer 6 solution: 58.5003 g ammonium acetate
(CH,COONH,) and 2.5 mL acetic acid (CH,COOH) were added
together.

Preparation of buffer 7 solution: 0.7005 g sodium borate
(Na,B,0.) was mixed with 5.0 mL 1M hydrochloric acid (HCI).

Preparation of buffer 8 solution: 53.5200 g ammonium chloride
(NH,CI) was mixed with 4.0 mL ammonia (NH,).

Preparation of buffer 9 solution: 500 mL of 0.1M ammonium
chloride and 250 mL of 0.1M ammonia were mixed together.

Preparation of buffer 10 solution: 37.0100 g ammonium chloride
and 285.0 mL ammonia were added together.

General procedure for method development using a model
solution

The procedure of copper (II) methylbutyldithiocarbamate
co-precipitation was optimized with model solutions prior to its
application to real samples. Portions of 25 mL of an aqueous solution
containing 20 ug of Pb, 20 pg of Cr; 5 pug of Co and 10 pg of Ni and
Mn were placed in centrifuge tubes separately. The adjustment of the
pH of the solutions in the range of pH 2-10 was done by the addition
of 2.0 mL of various buffer solutions prepared. Then, 1.0 mL of 1,000
mg/L of copper (II) as a carrier element and 1% (w/v) methylbutyl
dithiocarbamate were added to each solution. After 10 minutes, the
solutions were centrifuged at 4000 rpm for 30 minutes. The filtrates
were decanted after centrifuging and the precipitates adhering to the
tubes were dissolved with 1.0 mL of concentrated HNO,. The solutions
were made up to 10 mL using de-ionized distilled water. The heavy
metals in final solutions were determined by Atomic Absorption
Spectrophotometry (AAS) (using Perkin Elmer AAnalyst 200).

Optimization of operating condition

Effect of pH: pH range of 2-10 was use during the investigation
of the effect of pH on the quantitative recoveries of heavy metal ions
on the copper (II) methylbutyldithiocarbamate. Various metal model
solutions (20 ug of Pb, 20 pg of Cr; 5 ug of Co and 10 pg each of Ni
and Mn) were placed in centrifuge tubes separately. This was followed
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by 1.0 mL of 1000 mgL"* of copper (II) as carrier element and 1.0 mL
of 1% (w/v) sodium methylbutyldithiocarbamate. pH of the solutions
were adjusted by adding 2.0 mL of the appropriate buffer solutions. The
solutions were centrifuged at 4000 rpm for 30 min after 10 min. The
precipitate which remained on the centrifuge tubes were dissolved with
1.0 mL of concentrated HNO,. The solutions were made up to 10 mL
mark using de-ionized distilled water before the metal concentrations
were determined by Atomic Absorption Spectrophotometry (AAS)
(Figure 2).

Effect of Cu** as carrier element: The effect of amount of Cu*" as
carrier element on the recoveries of metal ions was investigated. The
various metal solutions (20 pg of Pb, 20 pg of Cr; 5 pg of Co and 10
ug of Ni and Mn) were placed in centrifuge tubes separately. Varying
amounts of Cu solutions ranging from 0 mg to 4.0 mg of 1,000 mg/L
solutions and 1.0 mL of 1% (w/v) sodium methylbutyl dithiocarbamate
were added to the various metal ions solutions. The pH of the solutions
was adjusted to pH 9. After 10 min, the solutions were centrifuged and
the precipitate which adhered on the centrifuge tubes were dissolved
with concentrated HNO,. The heavy metals in the final solution were
determined by AAS. The quantitative recoveries were obtained for all
metals ions at the range of 1.0-3.0 mg of Cu** (Figure 3). All further
works were carried out by addition of 1.0 mg of Cu?* as carrier element.

Effect of amount of methylbutyl dithiocarbamate: The effect
of the amount of methylbutyldithiocarbamate on the quantitative
co-precipitation of heavy metal ions was investigated in the range of
0.0-40.0 mg of methylbutyl dithiocarbamate. 1.0 mL of 1,000 mg/L
of copper (II) as a carrier element was added to aqueous solutions
containing 20 ug of Pb, 20 pg of Cr; 5 ug of Co and 10 pg of Ni and Mn)
placed in centrifuge tubes separately. Various volume (0 mL, 1 mL, 2
mL, 3 mL and 4 mL corresponding to 0 mg, 10 mg, 20 mg, 30 mg and
40 mg respectively) of 1% (w/v) of the methylbuthyldithiocarbamate
were added to each of the metal ions solutions. An appropriate buffer
solution was added to adjust the pH of the solutions to pH 9. The
solutions were centrifuged after 10 min and the precipitate which

(‘j“" CH3 CHj
CH2 (‘JH: (‘JH2
2 (‘L-‘Uz (‘L“HZ LHz
CH, + [e e —— CH, ‘CHz
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Figure 1: The equation for the formation of copper(Il) methylbutyldithiocarbamate
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Figure 2: Effect of pH on heavy metals recovery in model solutions

adhered to the centrifuge tubes were dissolved with concentrated HNO,.
The solutions were made up to 10 mL using de-ionized distilled water.
The heavy metals concentrations in the final solutions were determined
by AAS. The optimum recoveries were obtained for all metals ions at
the range of 10-40 mg of methylbutyldithiocarbamate (Figure 4). For
all further works, 10.0 mg of methylbutyldithiocarbamate was used.

Effect of sample volume on metal ions solutions: The effect
of sample volume on the co-precipitation efficiency of metal ions
was examined in the range of 10-500 mL to determine the volume
applicable for the co-precipitation procedure for natural water samples
and sediment samples. Solutions of metal concentrations of Pb, Cr,
Co, Ni and Mn were placed in centrifuge tubes separately and 1 mL
of 1000 mgL"! of copper (II) as a carrier element (i.e 1 mg Cu?®*) was
added to each solution. And 1 mL of 1% (w/v) of the methylbuthyl-
dithiocarbamate ligand was added. Then pH of the metal ions solutions
were adjusted to pH 9 by the addition of 2 mL of ammonia/ammonium
buffer solution. The solutions were centrifuged at 4000 rpm for 30
minutes after 10 minutes. After centrifuging, the filterate was decanted
and the precipitate adhering to the tubes was dissolved with 1.0 mL of
concentrated HNO,. The solutions were completed to 10 mL, 25 mL,
50 mL, 100 mL, 250 mL and 500 mL in corresponding standard flasks
using distilled water. Then the heavy metals in the final solutions were
determined by Flame Atomic Absorption Spectrophotometry. The
recoveries of heavy metal ions were found quantitative in the sample
volume range of 10-100 mL (Figure 5) and were not quantitative as the
volume increased to 500 mL. Therefore the minimum volume of 10 mL
was preferred for the co-precipitation procedure for river water and
sediment samples.

Effect of interference ion: In order to assess the possible analytical
applications of the procedure presented, the effect of some foreign
ions which may interfere with the method or/and often accompany
metal ions in various real samples was examined with the optimized
conditions stated. For these studies, a fixed amount of metal ions
was measured with different amounts of foreign ions (Table 1) and
recommended procedure given was followed. The recoveries of analyte
ions were generally higher than 80 %. The results revealed (Table 1)
that reveal large numbers of ions used had no considerable effect on the
determination of analyte ions.

Application of co-precipitation method to real samples

Description of sampling area and sampling design: The Coastal
area of Ondo State, Nigeria, is one of such coasts that require regulation
and monitoring. It is among the Oil belt region of Nigeria where Crude
oil exploration is going on. It is equally located between the Lagos coast
with very high population density and industrial activities and the Delta
coast where there is high volume of on-going crude oil exploration.
Ilaje communities are located in the southern part coastal area of Ondo
State, the villages spread to the mangrove forest, closer to the Atlantic
Ocean. The main occupation of the inhabitants is fishing; hence, a large
fish market is located in the area that attracts buyers from all parts of
the country. Oil exploration in these communities sometimes leads to
pollutions of the water due to spillage. Ilaje communities are one of the
Oil producing communities in the Niger Delta region of Nigeria. The
sewage and other domestic waste from settlement around the coast are
additional sources of pollution in the coasts.

River water and sediment were collected between August and
October 2013. Water and sediment samples each were collected along
River Ufara at Larada community in Igbokoda, Ondo State, where
major oil exploration activities are on going. A portion of the river at
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Figure 3: Effect of the amount of Cu?* (as carrier element) in model solutions
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Figure 5: The effect of sample volume on metal recovery in model solutions

about 2 km far upstream was designated as control location where ten
water and sediment samples each were equally collected. A total of
eighty water and sediment samples were collected within the sampling
periods.

Sampling, preservation and analysis of river water and sediment
samples: An acid-cleaned polythene bottles were used to collect water
samples which were acidified with 3 mL of 1.0 M analar grade nitric
acid per litre of sample. The samples were stored in an ice chest at the
field and later stored at 4 °C in a refrigerator at the laboratory. Prior to
metal analysis, the acidified water was neutralised and adjusted to pH
7. Portions (200 mL) of well mixed water samples were digested with 5
mL of concentrated nitric acid on a water bath and were concentrated
to almost dryness. The solutions, after cooling, were filtered into 10

mL volumetric flask and made up to the mark with de-ionized distilled
water.

Sediments collected with Van Veen type grab samplers were stored
in polythene containers, air-dried in the laboratory, ground to fine
powder and sieved through 0.55 mm screen. Known weights of the dry
sieved sediment samples were digested with aqua regia which was a
mixture of HCI-HNO, (3:1) on a water bath for 2 h. The mixtures were
evaporated almost to dryness after the evolution of nitrogen (IV) oxide
fumes had ceased. The resulting mixtures were then mixed with 5 mL
aqua regia, filtered into 10 ml volumetric flask and made up to the mark
with de-ionized distilled water.

Optimized conditions for co-precipitation procedure were applied
to the digested water and sediment samples. The final solutions were
diluted to 10 mL in volumetric flask and the metal concentrations were
determined by AAS.

Validation of procedure and analytical performance

In order to validate the accuracy of the method, replicate analysis of
stream sediment standard reference material, ST-SD-4, was carried out
for Ni (II), Cr (II), Co (II), Mn (II) and Pb (II) using co-precipitation
procedure. ST-SD-4 was obtained from Canada Centre for Mineral
and Energy Technology (CANMET, Canada). A known amount, 0.1
g of standard reference material for sediment was digested with aqua
regia at room temperature in a water bath. The mixture was evaporated
almost to dryness after the evolution of nitrogen (IV) oxide fumes
had ceased. The resulting mixtures were then mixed with 5 mL aqua
regia, filtered into 10 ml volumetric flask and made up to the mark
with de-ionized distilled water. Recovery test was also carried out on
ten previously analysed water samples by spiking with various amounts
of Ni (II), Cr (II), Co (II), Mn (II) and Pb (II) standard solutions. The
subsequent procedures were the same as those described in section
co-precipitation of the metals studied in model solution. The final
solution was diluted to 10 mL. Mean percentage recoveries of the metal
ions were satisfactory. The limits of detection of the co-precipitation
method for the determination of investigated metal ions were studied
by applying optimum experimental conditions to ten (n = 10) blank
solutions.

Results and Discussion

Quantitative recovery values ranging from 60.9% to 99.9% were
obtained for Pb (II), Ni (II), Co (II), Cr (III) and Mn (II) in the pH
range of 8-10. All subsequent works were performed at pH 9 by
adjusting with ammonia/ammonium chloride buffer (Figure 1). The
optimum recoveries were obtained for all metal ions in the range of 1.0-
3.0 mg of Cu** due to the formation of dithiocarbamate precipitate. The
recoveries of precipitate (40.0-52.9 %) were not quantitative without
Cu?* (Figure 2). Subsequent recoveries were carried out by the addition
of 1.0 mg of Cu*" as carrier element with which the recovery was most
quantitatively obtained. The quantitative recoveries of the metals were
obtained in the range of 10.0-40.0 mg of methylbutyl dithiocarbamate.
The recoveries of the metals in this range of amount of methylbutyl
dithiocarbamate used were between 74.2 % and 92.5 % (Figure 3). For
subsequent works, 10.0 mg of methylbutyl dithiocarbamate was used.
A pre-concentration factor of 10 for the metal ions was achieved when
the final volume was 10 mL with the highest sample volume of 100
mL (Figure 4). The quantitative recoveries in this study arising from
the effect of operating parameters for co-precipitation of metal ions
with methybutylthiocarbamate were compared with other types of
dithiocarbamates (Table 2). The optimum recoveries obtained in this
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lons Salt added Concentration (ppm) Recovery (%)
Mn Cr Ni Pb Co
K* KCI 1000 95 103 84 95 92
Cr KCI 1000 90 100 101 101 93
AR AlL(S0,), 250 88 113 83 110 86
Fe® FeCl, 250 82 98 91 102 91
Zn* ZnSO, 1000 87 106 88 96 97
Values of recovery are average of triplicate analysis
Table 1: The effect of interference ion on heavy metal recovery
Technique Analytes Matrix(% Recovery) System Eluent PF Iinli)i?t(ep(;tlfnﬁ R(.; ')D Optimum operating condition Reference
- (]
pH:
Amount of carrier element (mg):
FaAs  Cu Fe. Pb, Mn, Co-DEDTC |1.0mL conc. HNO, 225 4-64 <7 : (mg) [32]
Zn, Cd, Ni, Bi, Cr Amount of chelating agent(mg):
Sample volume (mL):
pH:
9
Pb, Cd, Cr, Ni, ; .
FAAS Mn Water(96 — 98) Cu-DBDTC 0.5 mL conc. HNO,| 50 0.34-0.87 | <10 | Amount of carrier element (mg): 1 [33]
Amount of chelating agent(mg): 10
Sample volume (mL): 25
pH: 5
Bi(lll)4- Amount of carrier element (mg): 4
FAAS Cd, Cu, Pb | Water( 88.6 -103.5) 1 mL conc. HNO, = 200 0.18-0.50 | <10 h [26]
MPDTC Amount of chelating agent(mg): 400
Sample volume (mL): 250
pH: 9
Ni, Cr, Mn, Pb Watgr (96.8-100) Amount of carrier element (mg): 1
FAAS T, 0 7| Sediment (97.3- | Cu-cHMDTC 0.5 mL conc. HNO, 10 0.003-0.10 | <17 ; [28]
Zn 99.2) Amount of chelating agent(mg): 10
Sample volume (mL): 25
Water (89.5 + 1.3)
Ni Sediment (90.2 pH: 9
+0.3)
Water (93.2 £ 2.1)
Cr Sediment (87.2 Amount of carrier element (mg): 1
1.1
FAAS ) Cu-MBDTC 1.0 mL conc. HNO,| 10 0.003-0.006 | <5 This study
Water (92.1 £ 2.4)
Co Sediment (89.0 Amount of chelating agent(mg): 10
+0.5)
Water (89.7 £ 0.5)
Mn Sediment (92.7 Sample volume (mL): 10
+0.4)
PF — preconcentration factor, R.S.D - Relative Standard Deviation, DEDTC - diethyldithiocarbamate; DBDTC - dibenzyldithiocarbamate; MPDTC -

methylpiperidinedithiocarbamate; MBDTC - methylbutyldithiocarbamate FAAS — Flame atomic absorption spectrometry; cHMDTC - cyclohexylmethyldithiocarbamate

Table 2: Comparison of this study with data from some previous studies on preconcentration—separation of heavy metal ions.

study were about the recoveries reported for other dithiocarbamates.

The detection limits for the investigated metal ions based on three
times standard deviations of the blank were Ni: 0.003 mg/L, Cr: 0.005
mg/L, Pb: 0.006 mg/L, Mn: 0.005 mg/L and Co: 0.005 mg/L. The
comparative data from co-precipitation studies were given in Table 2.
Percentage recoveries obtained were still good and satisfactory in spite
of the low pre-concentration factor achieved in this study. The results
of replicate analysis of reference standard material (ST-SD4) from the
co-precipitation were compared with the certified values using a t-test
at 95% confidence level. The observed values and certified values for
Ni, Cr, Co, Mn and Pb were not significantly different (Table 3). Thus,
the accuracy of the procedure and the absence of matrix effects are
confirmed. This implies that the proposed co-precipitation method can
possibly be applied for the preconcentration of heavy metal ions in real
environmental samples.

Table 4 shows the application of co-precipitation procedure for the
determination of Ni, Pb, Cr, Co and Mn in river water and sediment

samples. The metal ions in the samples were equally determined
by atomic absorption spectrophotometric technique without co-
precipitation procedure. The results obtained without co-precipitation
were generally lower than for co-precipitation as revealed in Table
4. Tt is somehow difficult to generalize the accuracy and precision of
atomic absorption spectrophotometric technique with co-precipitation
procedure over the spectrometric technique without co-precipitation
procedure. From Table 4, it is apparent that there are certain systematic
errors associated with the two procedures. The matrices of sample and
chemical compositions of the final soluble complex of metal ions with
the precipitating agent are possible sources of error. A moderately
soluble complex with heavy metal ions is expected to be formed with
either organic or inorganic precipitating agent. This probably accounted
for high average levels of Ni, Pb, Cr, Co and Mn in this study by
atomic absorption spectrophotometric determination preceded by co-
precipitation procedure. The precision of results from the two different
treatment procedures for heavy metals determination in water and
sediment samples was considered using one way analysis of variance
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Metals Observed concentration

Sediment without Cu- MBDTC

Nickel (Ni) 17.2+0.41
Chromium (Cr) 247 +0.1
Cobalt (Co) 9.07+0.34
Manganese (Mn) 917 +4
Lead (Pb) 11.3+0.5

Certified value
Sediment with Cu- MBDTC

19.8+0.7 23
279%05 30
14.5+0.21 11
981+ 11 1200
122+1.3 13

Table 3: Observed concentrations (ug/g) of metals in standard reference material (ST-SD-4) and certified values (n = 5)

Metals Water Sediment
Without Cu-MBDTC With Cu-MBDTC Without Cu-MBDTC With Cu-MBDTC
Ni(ll)- sample 0.13+0.11 11755 9.3+1.1 13.2+ 1.1
Ni(Il)- control 0.07 £ 0.01 8.10 £ 0.14 7.20 £ 0.50 9.20 £ 0.14
Cr(lll)- sample 0.17 £ 0.08 6.06 + 0.80 159+1.7 19.5+0.9
Cr(Il)- control 0.06 + 0.01 420+0.14 10.8+1.2 13.1+£1.2
Mn(ll)- sample 0.28 £ 0.05 18.7+4.2 4711123 63.4+18.2
Mn(l1)- control 0.20 £ 0.02 10.8+0.9 189+1.8 465126
Pb(ll)- sample 0.10 £ 0.02 78+15 147+15 21.9+3.2
Pb(Il)- control 0.05 +0.01 4.70 £ 0.90 10.9+0.9 14.3+3.1
Co(ll)- sample 0.06 + 0.02 1.52+0.11 3.72+0.58 56+1.3
Co(ll)- control 0.01 £ 0.00 1.20 £ 0.00 2.65+0.35 4.55+0.49

Table 4: Average metal ions concentrations (ppm) in water and sediment before and after co-precipitation with copper(ll) — methylbutyl dithiocarbamate (Cu- MBDTC)

Metals Water Sediment
p-value Significant difference at level p= 0.05 p-value Significants;ﬁgrggce atlevel
Ni(ll)- sample 0.001600 Yes 0.022628 Yes
Ni(Il)- control 0.000155 Yes 0.002491 Yes
Cr(Ill)- sample 0.000000232 Yes 0.002889 Yes
Cr(lll)- control 0.000583 Yes 0.195824 No
Mn(Il)- sample 0.00000976 Yes 0.135646 No
Mn(ll)- control 0.003188 Yes 0.006223 Yes
Pb(Il)- sample 0.00000281 Yes 0.001602 Yes
Pb(lIl)- control 0.016249 Yes 0.274458 No
Co(ll)- sample 0.000000014 Yes 0.015519 Yes
Co(ll)- control - No 0.047616 No

Table 5:  Statistical analysis for the comparison of treatment technique without and with co-precipitation procedure for heavy metals determination from water and

sediment samples

(Table 5). There was significant difference between the precisions of
the two procedures. As much as precision always accompany accuracy,
the output of this statistical method does not suggest hasty judgment
that atomic absorption spectrophotometric determination of heavy
metals with co-precipitation procedure is more accurate than without
co-precipitation.

Conclusion

The application of atomic absorption spectrophotometric method
preceeded by co-precipitation procedure for the determination of Ni
(II), Cr (II), Mn (II), Pb (II) and Co (II) from aqueous solution using
copper (II) methylbutyldithiocarbamate was reported for the first time
in this study. The procedure was successfully applied to water and
sediment samples. This procedure was equally validated with reference
material and the accuracy was satisfactory.
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