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Abstract. This research investigates the use of 1-5diphenylthyocarbazone in the
analysis of heavy metals Cu, Pb, Zn, Mn, and Ni in seawater samples collected
from Alas Strait Waters. The aim of this research is to find out the optimum con-
ditions in analyzing heavy metals, such as optimum pH, extraction time, recovery
percentage, and detection limit in the analysis method analyzing those heavy met-
als. This research is conducted in two steps, firstly, solvent extraction by using
complexing agent dithizone in chloroform and secondly, measurement of metals
by using an Atomic Absorption Spectrophotometer (AAS). From the results of
the method investigation, it is found that the optimum conditions are as follows:
(a) pH 8 for Pb, Mn, Ni, and Zn, at the meanwhile pH 4 for Cu; (b) time for
extraction 5 min, (c) percentage of recovery 101 for Cu, 105 for Mn, 111 for Ni,
91 for Pb and 104 for Zn and (d) detection limits 0.0027, 0.0023, 0.0030, 0.0070
and 0.0006 ppm for Cu, Mn, Ni, Pb, and Zn respectively. Results of six samples
at the optimum conditions show that the concentration of Cu, Mn, Ni, Pb, and Zn
are (0.0253± 0.0038), (0.0018 ± 0.0002), (0.0018± 0.0002), (0.0283± 0.0160)
and (0.0889 ± 0.0138) ppm respectively. Conclusions of this research are: (1)
from the value of % recovery and detection limit, dithizone can be used properly
as a complexion agent for heavy metals analysis in seawater samples, (2) results
of those heavy metals analysis show that their concentrations are high enough
although they are lower than allowed concentration.
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1 Introduction

Heavy metals in the seawater environment, such as water columns, sediments, or organ-
isms, need great attention since the availability of those metals in excess amounts would
cause water pollution problems [1, 2], although they contribute to seawater richness [3].
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Hence, it is important to conduct research on the availability of heavy metals in seawater
regarding the increasing of industries. Some heavy metals such as Pb, Zn, Cr, Cu [4],
and Ni are often principal parameters in doing seawater research [5–7], and reported
that heavy metals Pb, Cr, Cu, Ni, Zn, Fe, Mn, and Co play a role in seawater organisms
[8–10]. Increasing attention on marine research in Lombok-NTB Waters, especially for
heavy metals such as Pb, Zn, Mn, Ni, and Cu, must be followed by ability and capability
in chemical analysis. For instance, the issue of pollution of heavy metals by gold mining
companies has been a big problem that has not been solved yet. This exists because
there is no result of research that students or lecturers do because of unavailable a cheap,
simple, fast, and convenient method.

The analysis method for seawater samples differs from that for freshwater because
the chemical composition of seawater is more complex than that of freshwater itself
[11]. As a consequence, we often experience mistakes in the analysis due to existing
of an interference matrix, which gives an error. This is also because heavy metals’
concentration in seawater is low as<0.01 ppm, so it needs a special analysis method. To
solve this problem, we need a method that can eliminate matrixes and reduce the sample
volume through a dense process, so the measured analysis would be higher than the
existing analysis in the sample itself (before the dense process). The method is expected
can overcome those two problems in the analysis method through the solvent extraction
step [12].

Here are some researchers who conducted solvent extraction process as a step in sea-
water analysis, for examples, [13, 14]. They used complexing agent iminodiacetate at
the meanwhile, [15] used ammonium pyrrolidine dithiocarbamate (APDC), [16] use
hexamethylene-dithiocarbamate and organic solvent such as methyl isobutyl ketone
(MIBK). Hutagalung also used MIBK solvent and complexing agent APDC[17]. Sia-
haan andMuti’ah investigated an analysis method for heavy metals in seawater by using
the co-precipitation iron(III) hydroxide method, and this work gave a less satisfying
result due to existing of sodium matrix that adsorbed by coagulant [18]. Siahaan and
Sukib have completed that method by eliminating the sodiummatrix by using the extrac-
tor APDC [19]. The constraint we faced was difficulty in having a complexing agent
because it was not available in the laboratory and also because it was expensive. As a
result, that method is not used yet by beginners, for instance, students who are taking the
final project for their thesis. In order to solve the above problem, an effort is needed to
use other complexing agents that are easy to be purchased and, of course, inexpensive.
In this research, we investigated the effectiveness of the complexing agent dithizone
or 1–5 diphenylthiocarbazone. Firstly, it is easy to use this chemical, and its price is
relatively low compared with APDC. Secondly, dithizone has been proven to show high
effectiveness and selectivity in the separation of heavy metals from a solution [20, 21].
Some other references also mentioned that by controlling of pH of a solution, dithizone
gives high selectivity and percentage of extraction up to 100% for Pb, Cu, Zn, Cr, and
Ni [22].

The aims of this research are: (1) to find the optimum conditions of pH and extraction
time for Pb, Cu, Mn, Ni, and Zn, (2) to find the value of % recovery and detection limit,
and (3) to apply the method in the analysis of heavy metals.
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2 Methods

2.1 Samples

Artificial seawater with concentrations of 0.00, 0.01, 0.02, 0.04, 0.06, 0.08, and 0.10 ppm
heavy metals was used in order to arrange a method according to procedure Noor et al.
[23]. This work used high-purity chemicals (p.a) from Sigma. Sea water samples were
collected from Alas Strait where close to the gold mining company and illegal mining
by society.

2.2 Procedure

The procedure in this research follows Sembiring [20].

1) Optimum pH in the extraction of heavy metals Pb, Cu, Mn, Ni, and Zn.
100 mL of the sample, which contains trace element 0.02 ppm with pH 4, 6, 8,
10, and 12, and then add 10 mL dithizone reagent 2% in chloroform, pour into a
separator funnel. Extraction is run for 5 min, and the organic phase is separated;
then continue to do re-extraction with 10 mL HNO3 1 M. Water phase is measured
with AAS.

2) Optimum time for extraction Cu, Mn, Ni, Pb, and Zn
Similar to procedure 2.2.1 above, which relates to optimum pH, this is conducted in
a variety of extraction times: 1, 5, 10, and 15 min.

3) Percentage of recovery
Similar to procedure 2.2.1 above, which relates to optimum pH and extraction, this
is conducted in a variety of heavy metals with concentrations of 0.00, 0.01, and
0.02 ppm.

4) Detection limit
Similar to procedure 4.2.3., but in this step, there is an extra treatment such as six
timesmeasurement for the blank solution and used heavymetals with concentration:
0.00, 0.01, 0.02, 0.02, 0.04, 0.06, 0.08, and 0.1 ppm.

5) Application of method resulted from research on seawater samples
This part is conducted to analyze seawater samples collected from Alas Strait and
the surrounding by using the method that resulted from research.

2.3 Data Analysis

1) Percentage of recovery is calculated by using the formula:

% recovery = gained concentration divided with given concentration × 100%
(1)

2) Detection limit is calculated by using the formula:

Detection limit : CL = k · SD/s (2)

where CL is the detection limit, k is 3, SD is the standard deviation of the blank
solution, and s is the curve slope of the regression curve.
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3 Results and Discussion

3.1 The Effect of pH Extraction

In doing analysis of heavy metals with AAS through solvent extraction process by using
dithizone, it extremely depends on optimum extraction conditions such as pH of heavy
metals solution and on extraction time. Finding optimum pH aims to reach pH, which
can give optimum% recovery of extraction of metals from the water phase to the organic
phase. The extraction process may occur according to a reaction between heavy metal
ions with dithizone molecules in the water phase regarding the formation of a neutral
complex compound, so it is easily solved in the organic phase (chloroform). Because
the structure of dithizone molecules (H2Dz) is affected by pH, the formation reaction
of complex compound metal – dithizone also affected by the pH of the solution. This is
raised from the ionization of dithizone in water:

H2Dz → H+ + Dz− (3)

HDz → H+ + Dz= (4)

The first ionization takes place in acid condition, and on the contrary, the second
ionization takes place in base condition. Metal ions in solution can form a complex
compound with primary and secondary dithizone depending on the pH. Primary dithi-
zone can be formed at low pH, while secondary dithizone at base pH. The result of this
research shows that the formation of the complex compound takes place in secondary
dithizone except for Cu. Hence, optimum pH usually is found at pH close to 8 for Mn,
Ni, and Zn, except Cu at pH 4.

The meaning of this research is that in doing extraction of heavy metals by using the
complexing agent dithizone, the optimum pH is 8–10 for Mn, Ni, Pb, and Zn. And the
optimum pH for Cu is 4. The result of this research accords with to result reported by
Sembiring [20].

3.2 The Effect of Time Extraction

A study about time extraction towards the number of metals extracted optimally relates
to the kinetics of the reaction of metal and dithizone molecules to yield complex com-
pounds. The result shows that the maximum number of metal extracted was found in
the time of extraction, 5 min. It decreases at 10 min and then back to increasing after
15 min. This relates to the process involved in the extraction, that is chemical reaction
and distribution process. The chemical reaction is involved in the formation of the com-
plex compound in the water phase and distribution process, which is resulted from the
movement of the complex compound from the water phase to the organic phase. Such a
process is an equilibrium reaction, so in a certain condition, that reaction may reverse.
This is, so the optimum reaction needs to be conducted empirically. The meaning of
empirically from the result of this investigation is that for extraction of heavy metals by
using complexion agent dithizone and organic phase chloroform is properly conducted
in 5 min.
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Table 1. Recovery of heavy metals

Conc. Ppm Gain Conc. (ppm) % Recovery

Cu 0.01 0.0107 107

Cu 0.02 0.0201 101

Mn 0.01 0.0091 91

Mn 0.02 0.0209 105

Ni 0.01 0.0089 86

Ni 0.02 0.0223 111

Pb 0.01 0.0159 159

Pb 0.02 0.0182 91

Zn 0.01 0.994 99

Zn 0.02 0.0209 104

3.3 Recovery

Finding the value of % recovery aims to define the level of validity of this method. A
good analysismethod is one that has a value of% recovery close to 100%. Thismeans the
method has high precision both in the analysis process and in measurement. The result
of finding the value of % recovery for some heavy metals can be seen in Table 1. Table 1
shows that, in general, the deviation value of % recovery from 100% for concentration
0.02 ppm is lower than concentration 0.01 ppm. For example, in Cu analysis, the value
of % recovery for concentration 0.01 ppm is 107%, while for concentration 0.02 ppm,
it is gained 103%.

This can be explained by the fact that this method is proper for metals analysis in
the samples with a concentration ≈0.02 ppm. On the contrary, for metals analysis with
a concentration of 0.01 ppm, the error that can be faced in the extraction process will
have a strong effect.

If we compare with the available literature, the value of % recovery in this method is
good enough. For instance, the value of % recovery in an analysis of metals in seawater
with a chelating method is gained 117% for Ni, 90% for Pb, 87% for Cu, and 93% for
Cd [24]. Furthermore, Cuong et al. reported that the analysis method for heavy metals
from seawater with solvent-ICP MS extraction way: Zn 110%, Pb 111%, Ni 109%, Cu
105%, Cr 136%, and As 91% [25].

3.4 Detection Limit

The detection limit in chemical analysis is a like an analyte concentration that gives a
response or absorbance to tools as big as a response of blank solution added three times.

The standard deviation of blank response. The lower the detection limit, the more
sensitive the method. In this research, the detection limit is defined as three times the
value of the deviation standard of the blank solution divided by the value of the standard
regression curve slope.
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Fig. 1. The curve of Standard Regression for Extracted Metals

Table 2. Date of detection limit in heavy metals analysis

Heavy Metals CL (ppm)

Cu 0.0027

Mn 0.0023

Ni 0.0030

Pb 0.0070

Zn 0.0006

Figure 1 confirms that the response of tools resulted from heavy metals in some
different concentrations. The higher the curve slope, the more sensitive the analysis
method. Hence, based on the gain curve, the increasing sensitivity of metals are as
follows: Pb < Ni < Cu < Mn < Zn. From the calculation result, the detection limit is
given in Table 2.

Table 2 gives information that the lowest detection limit is found in Zn analysis as
0.0006 ppm, while the highest is found in Pb analysis as 0.007 ppm. This shows that
this method can be used in the analysis of heavy metals Cu> 0.0027, Mn> 0.0023, Ni
> 0.0030, Pb > 0.0070, and Zn > 0.0006 ppm, respectively.

If we compare it with other analysis methods for heavy metals, the detection limit
gained from this method is relatively high. As an example, a method using the chelat-
Graphite Furnace AAS system shows the detection limit for Pb is ≈ 0.28 ug/L and Cu
0.36 ug/L [24], and with analysis method via co-precipitation-extraction, the detection
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Table 3. Heavy metals concentration in seawater sample collected from alas strait waters.

Heavy Metals C (ppm)

Cu (0.0253 ± 0.0038)

Mn (0.0018 ± 0.0002)

Ni (0.0032 ± 0.0005)

Pb (0.0283 ± 0.0160)

Zn (0.0889 ± 0.0138)

limit is not very different, such for Pb = 0.0024, Cu = 0.0029, Ni = 0.0012 and Zn =
0.0005 ppm respectively [19].

3.5 Analysis of Heavy Metals in Seawater Sample Collected from Alas Strait

The method for analysis of heavy metals in seawater samples through extraction by
using dithizone in optimum conditions such as pH and extraction, the precise value of
% recovery, and detection limit, then be applied to analyze heavy metals in seawater
samples. Seawater samples were collected from Alas Strait Waters as an environment
that activities of the gold mining company and society could impact. Samples collecting
is carried out on six points sampling from the beach up to 10, 20, 30, 40, 50, and
60 m to the open seawater, respectively. Results analysis show that the heavy metals
concentration for those six points varies, regarding the distance can be seen in Table 3.

Data in Table 3 shows that heavy metals concentration in Alas Strait Waters can be
said to be high enough, although it is below the allowed values. The reason why the
concentration of heavy metals is high enough is that their concentrations are higher than
the concentration in seawater collected from open seawater such as Cu 0.0002 – 0.004,
Mn0.0007 – 0.0013,Ni 0.0008 – 0.0024, Pb 0.00002 – 0.0004 andZn 0.001 – 0.008 ppm,
respectively [5, 26] However, that concentration is still in under allowed upper limit as
Cu 0.005, Ni 0.05, Pb 0.1 and Zn 0.1 ppm respectively.

4 Conclusions

The conclusions from this research are as follows:

1. The optimum condition for extraction in the analysis of heavy metals in seawater
samples with chelating agent dithizone is at pH 8 for Mn, Ni, Pb, and Zn, while for
Cu, the pH is 4, and the time for extraction is 5 min.

2. The value of % recovery, in general, is good enough, especially for a concentration
of 0.02 ppm.

3. The value of the detection limit is very good, between 0.0006–0.007 ppm.
4. This analysis method can be used properly for the analysis of heavy metals in sea-

water samples. The result gained: Cu (0.0253 ± 0.0038), Mn (0.0018 ± 0.0002),
Ni (0.0032 ± 0.0005), Pb (0.0283 ± 0.0160), and Zn (0.0889 ± 0.0138) ppm,
respectively.
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5. In general, the concentration of heavy metals in seawater collected from Alas Strait
is higher than the concentration of those in open waters, although it is still below the
allowed value.
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