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ABSTRACT

	 Samples from Perhentian and Pangkor Island Marine Park, Peninsular Malaysia were 
analyzed for Cu(II) speciation by using CLE-AdCSV. Northeast monsoon's effect was studied in 
Perhentian and compared with Pangkor. Excess concentration of CuL found for all stations in both 
islands showed > 99.5% of total dissolved Cu (dCu) was bound to Cu (II) complexing ligands. The 
log K’CuL>12 data indicated the presence of strong natural ligands (L1) in Perhentian Island. Lower 
log K’ (log K’=10 to 12) and two types of ligands (L1 and L2) were found in Pangkor Island. The ratio 
of CuL/dCu was analyzed to see the ligand distribution and saturation rate, and saturation rate with 
dissolved Cu. Statistical analysis showed weak relationship between the in-situ parameters to log K’ 
values (p>0.05). The log K’CuL (PP: 12.00-12.96, PG: 10.93-12.840) data suggested that the dissolved 
Cu are used by marine organisms, thus preventing the free Cu2+ ions to be produced. 

Keywords: Cu speciation, Cu toxicity, Northeast monsoon, CLE-AdCSV, South China Sea.

INTRODUCTION

	 Metal speciation has long been studied1, 
where many studies were done specifically for 
copper, since it has both nutrient and toxic effects 
on microorganisms2-9. Copper speciation analysis 
is necessary in order to understand its reactivity in 
the environment, such as its toxicity and biological 
availability, as well as the geochemical behavior 
of its species. Dissolved copper has the role as 
both micronutrients for growth and toxicant to 

phytoplankton and microorganisms in natural 
waters10,11. Free cupric ion has been shown to 
be toxic at concentrations as low as 10-12 M to 
marine phytoplankton10,12.  The Cu2+ ions become 
toxic to phytoplankton by affecting the uptake 
sites for micronutrients such as Zn2+ and Mn2+. 
Thus, measuring the organic complexation of Cu 
metals, rather than the ‘‘total dissolved’’ analysis 
is an exceedingly important component and give 
more realistic information on Cu bioavailability and 
toxicity.
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	 Complexation of a metal cation by organic 
ligands can decrease its toxicity by reducing the 
metal’s free ion concentration12. However, a pH 
decrease may reduce copper binding by organic 
ligands through enhanced competition for ligand 
binding sites between protons and copper, therefore 
making copper more bioavailable and consequently 
toxic to marine organisms.13 It has been predicted 
that the increase for the free form of copper under 
a scenario reaching pH 7.5 will be as high as 30%. 
It is also thought that Cu(II) will be more toxic in 
estuarine water, due to the much lower pH that these 
environments  experience.

	 Latest study by Gledhill et al.,14 highlighted 
the effect of pH to Cu speciation, where decreased 
pH resulted in inability of natural ligand pool to 
compete and form a complex, since the complexation 
of natural ligands were strongly affected by the 
changes in pH. However, this study was done in 
a simulation laboratory, where the pH range was 
controlled. Previously, dissolved trace metals in 
seawater samples were done in Peninsular Malaysia 
by Adiana et al.,15 and Godon and Mohamed16, 
where their findings suggested comparable range 
of dissolved trace metals concentrations with effects 
from the Northeast monsoon in Terengganu coastal 
area. Unfortunately, no speciation data reported for 
both studies.The main concern about monsoon is 
that it could alter the physical-chemical parameters 
and affect the trace metal speciation. The seasonal 
monsoon event, resulting to the resulting to the 
parameters' changes in coastal waterin coastal 
water, especially dissolved oxygen, salinity and pH16. 
These changes would influence biogeochemistry 
cycle of trace metal, which is influenced strongly 
by their chemical speciation. For example in pH 
generally affected the fraction of free ionic forms14 
especially of those metals that form strong complexes 
with OH- and CO3

-2 ions (e.g., Cu (II))13. Since it was 
reported that the concentration of dissolved oxygen 
(DO) and pH level changed during monsoon season, 
the complexation of metals in the water column might 
also be affected by the changes. 

	 Speciation studies have been conducted 
in neighboring countries such as in Singapore17, 
East China Sea18 and Bohai Sea, China19.  As 
part of the GEOTRACES program, it had been 
reported that the Cu speciation in southern Yellow 

Sea, China are massively affected by twebstrerhe 
in-situ primary production, while in Bohai Sea, the 
chelating ligands are contributed from the fluvial 
discharge19. Meanwhile in Gullmar Fjord, Sweden, 
Croot20 reported the Cu speciation was dominated by 
>99.8 % organic complexation and that the seasonal 
cycle contributed to the strong binding ligands, 
log K, in the study area. Studies have reported 
the relationship between the excess ligands with 
Cu speciation21-23 and the strong ligand-producer 
phytoplankton such as Synechoccocus23 in Sargasso 
Sea. However, lack of speciation studies in Malaysia, 
which experiences monsoon system, has triggered 
the needs to conduct such research as an approach 
to monitor the ecosystem health at coastal water. 
Most researches conducted in Malaysia focused 
on dissolved metals concentrations in sediment24 
or aquatic species25 with shortage of studies in 
seawater samples themselves. 

	 In this study, we provide an init ial 
assessments of dissolved natural organic Cu(II) 
binding ligands for the coastal tropical region in two 
Marine Parks in Peninsular Malaysia Cu speciation 
measurements using electrochemical methods to 
determine the concentration of natural dissolved 
organic Cu(II)-binding ligands and the strength of 
their complexes, as well as the toxicity level in both 
areas as an indication of its ecosystem’s health for 
monitoring and better management in the study 
areas.

MATERIALS AND METHOD

Sampling areas
	 Perhentian Island Marine Park (east coast 
of Peninsular Malaysia) is located at South China 
Sea east coast of Terengganu Malaysia, receiving 
the Northeast monsoon (NEM) during November 
to March every year26. Meanwhile, Pangkor Island 
Marine Park (west coast of Peninsular Malaysia) is 
located in state of Perak. The island receives the 
Southwest monsoon from late May to September26. 
Since both islands receive the monsoon impacts 
and there had been studies proving the upwelling 
processes as well as the changes of pH, dissolved 
oxygen (DO) and salinity during monsoon, there is 
a possibility that the metal speciation might also 
be affected by  the monsoon season. Interestingly, 
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both islands were gazetted as Marine Parks, which 
ensured protection for marine smarine species with 
limited tourism and marine activities in both islands. 
Perhentian Island is a small island, with a size of only 
15 km2 but it is one of the main island ecotourism 
hotspots in Malaysia with highest number of resorts 
and chalets28. Perhentian Island had been seen to 
have fewer coral reefs around the island, mainly due 
to the tourism activity. The same situation was also 
observed in Pangkor Island, where tourism effect may 
decrease live coral areas in Peninsular Malaysia29. 

Samplings activities
	 Seawater samples were collected in two 
series of sampling; April 2016 (PP1) and April 2017 

(PP2) at Perhentian Island, Terengganu, Malaysia 
(Fig. 1). The 1 L seawater samples were taken at 
3 m, 6 m, 15 m, 20 m and 30 m specifically at five 
different stations (Fig. 1). Each station was located 
at 2 kilometers apart in a linear transect towards the 
South China Sea. For Pangkor Island, the  stations 
were located at Tanjung Terangganu (St. 1), Pangkor 
Laut (St.2), Tanjung Teluk Batok (St. 3) and Teluk 
Belanga (St. 4).

	 Filtration of 1 L seawater sample was carried 
out through 0.45μm Whatman® pore size filters  
(25 mm diameter, Sigma- Aldrich) fitted to filtration 
set that connected to a peristaltic pump. A 250 mL of 

Fig. 1. Location of our sampling stations at Perhentian Island Terengganu, and Pangkor Island Perak, Peninsular Malaysia 
during sampling activities
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filter sample was stored into a Polytetrafluoroethene 
(PTFE) bottles (Nalgene) for copper-binding ligand 
analyses which were immediately stored at 4°C for 
subsequent analysis. Samples for dissolved copper 
analyses were acidified to pH 2 using ultra clean HCl 
(Romil UHP grade). 

Bottle washing and reagents
	 A 1 L Low-Density Polyethylene (LDPE) 
bottle was used to sample all the seawater from Van 
Dorn sampler on the boat. All the bottle samples 
and equipment during this study have been cleaned 
according to a standard protocol30. Sample bottles 
were thoroughly rinsed with Millipore; (N 18.2 mΩ 
cm−1) and then seawater before filling completely. 

	 An aqueous solution of 0.01 M SA 
(salicylaldoxime) was prepared in 0.1 M HCl and 
functioned as the added ligand to measure the 
concentration of natural ligand in the sample. SA 
solution was stable for a period of at least 8 weeks 
in 4°C. Copper standard solution (10-6 M) (Merck, 
SpectrosoL grade) was prepared in 0.01 M HCl to 
be added in the samples with ligand. Stock solutions 
of 1.5 M boric acid (final concentration 0.01 M); pH 
buffer (8.05) were prepared and cleaned prior to 
use by the addition of 0.02 M of 2-(2-Thiazolylazo)-
p-cresol (TAC) with subsequent removal of TAC and 
Fe(TAC) using a C18 column (SepPak, Whatman)31. 

Instrument and equipment
	 A Metrohm Model VA 797 automated 
hanging mercury drop electrode (HDME) was used 
throughout the analysis. The reference electrode 
was Ag/AgCl, saturated AgCl, 1 M KCl, and a 
platinum wire as the counter electrode. The drop 
surface area of the HDME was 0.45 mm2. A rotating 
PTFE rod was used to stir the solutions during the 
deposition step. Scans produced during complexing 
ligand determinations were transferred to a Lenovo 
computer by using a serial link and the evaluations 
of peak heights were carried out using a software 
program (VA 797 Computrace). 

Total dissolved Cu analysis
	 UV-irradiation was applied to the acidified 
sample for 4.5 min.  for total copper determination. 
After cooled to room temperature, 10 mL of UV sea 

water sample was pipetted into the voltammetric vial; 
100 μL borate buffer (pH 8.05, final concentration  
0.01 M) and 20 μL SA (final concentration 25 μM SA) 
were added. Next, 100 μL of Cu standard solution 
(10-6 M) (Merck, SpectrosoL grade) was added 
thrice during the standard addition step. Oxygen 
was eliminated from the samples by deaeration for 
500 s with dry nitrogen gas. Subsequently, a fresh 
mercury drop was used to adsorb the total Cu in the 
sample (Hanging Mercury Drop Electrode, HMDE) 
at an applied potential of -0.1 V for 120 s, while the 
sample was stirred. Upon completion, the stirrer 
was then stopped and by using the differential pulse 
mode from -0.9 V to -0.01 V at 0.04 s pulse time, 
the potential was scanned, and the stripping current 
from the adsorbed Cu was swept.

Natural organic Cu(II)-binding ligands analysis
	 Determination of natural organic copper 
(II)-complexing ligands in seawater was performed 
by using competitive ligand exchange–adsorptive 
cathodic stripping voltammetry (CLE–AdCSV). 
The equipment consisted of a static mercury drop 
electrode (Metrohm Model VA797), a double-
junction Ag/saturated AgCl reference electrode 
with a salt bridge containing 3 M KCl, and a counter 
electrode of glassy carbon. Millipore; N 18.2 mΩ 
cm−1 was used to prepare aqueous solutions. Labile 
copper concentrations in seawater samples were 
determined by CLE–AdCSV with salicylaldoxime 
(H2SA)32 as a competing ligand. A 250 mL of frozen 
seawater sample (in PTFE bottle) was defrosted at 
room temperature in the laboratory. About 120 mL 
of the seawater sample was added with 0.8 mL of 
0.01 M borate buffer and left for an hour before the 
addition of 20 μL of 25 μM SA. Then, 11 sub-samples 
were prepared by pipetting 10 mL of seawater into 
11 FEP bottles before adding the Cu standard in 
increasing concentrations (0–35 μM). 

	 The subsamples were left to equilibrate 
overnight to ensure all reactions had taken place 
between Cu and added Salicylaldoxime (SA) in the 
sample. It is possible to equilibrate the samples for a 
longer period, but adsorption onto the container walls 
might increase the amount of metal lost with time, 
so it is better not to leave it too long. Titrations were 
analysed only once after an overnight equilibration 
(6 h is sufficient for equilibration), since shorter 
equilibration time will also affect the complexation 
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process32. The titrations were used to determine the 
concentration of natural metal-complexing ligands 
(L) and their conditional stability constants (K’CuL), 
by utilizing a ligand competition approach. 

	 Theory: determination of complexing 
ligand titrations and calibration of copper complexes 
stability with SA 

	 The linearization procedure to evaluate 
complexing ligand concentrations and conditional 
stability constants from the titration data has been 
described before33. Briefly, the following relationship 
is used. 

[Culabile] / [CuL] = [Culabile]/CL + α’ / (K’CuL ) 	 (1)

	 Where [CuL] is the concentration of copper 
complexed by natural ligands L, [Culabile] is the labile 
copper concentration, CL, is the ligand concentration, 
and (K’CuL ) is the conditional stability constant for 
the formation of CuL in sea water. The labile copper 
concentration is defined by.

[Culabile] = Σ [Cu(SA)x] + [Cu’] 		   (2)
	
	 Where [Cu(SA)x] is the concentration of 
copper complexed by SA and [Cu’] is the concentration 
of inorganic copper (all copper not complexed by SA 
or natural organic complexing ligand L. 

RESULTS AND DISCUSSION

Physicochemical Characteristics of the Water 
Column
	 Two sets of in-situ parameters data were 
taken from April 2016 (PP1) and April 2017 (PP2) at 
Perhentian Island (Table 1) and one set from Pangkor 
Island (PG) (Table 2). For both PP1 and PP2, these 
two sampling activities were conducted during 
transition period between both monsoon systems 
(Northeast and Southeast monsoon)27. The evidence 
of upwelling processes in respect to the monsoon 
seasons had been documented in the study area34 
where the seasonal changes in the water column 
affect the water parameters. As a result of vertical 
mixing carried by the winds, parameters such as 
temperature, salinity, pH, dissolved oxygen (DO) and 
nutrients35. These changes in turn, could affect the 
speciation process, especially for pH and DO, since 

complexation depended highly on the seawater pH14 

and phytoplankton need the DO for the production 
of ligands for complexation36. 

	 Based on our record, the range of salinity in 
PP1 was 38.17 to 38.97 (Table 1), with an average of 
38.37 (n=22). In PP2, the average value for salinity 
recorded was 31.03 (n=22) and ranged from 30.48 to 
31.59 units (Table 1). This range was lower than the 
previous year (PP1) but still in the range for typical 
ocean salinity, 30-40 units34. Since PP1 and PP2 
were affected by the Northeast monsoon season, 
the effects of the natural phenomenon were revised 
to explain the in-situ parameters data. 

	 During the Northeast monsoon (NEM) 
2015/16 period, a strong El Niño episode occurred. 
This episode was among the top three strongest 
episodes since 1979. The duration of this NEM was 
longer than usual, in agreement with the finding that 
NEMs generally last longer during El Niño episodes. 
NEM 2015/16 happened in line with a very strong 
El Niño episode, which started at early onset date 
on October 2015 and withdrew normally at March 
201637. By referring to the bathymetry data from 
Ocean Data View (Fig 2), the salinity from PP1 and 
PP2 are displayed to compare the water condition 
during both periods. 

	 The wind data from February 2016 NEM 
review showed pressure level at 850-hPa, indicating 
a stronger than normal northerly flow over South 
China Sea, Indochina and Borneo which converged 
over the southern South China Sea, Indian Ocean, 
and the southern Sarawak37 in PP1. Interestingly, 
a high tide phenomenon also occurred during this 
month at Peninsular East Coast, as reported by 
the Malaysian Meteorological Department and 
the local news. This condition would contribute 
to the significantly high readings on all the in-situ 
parameters on PP1 (April 2016), compared to the 
readings in PP2 (April 2017) (Fig. 2). Salinity data 
for PP1 showed the high salinity (38.68) (Table 1) on 
the upper layer compared to PP2 (30.99) as a result 
of high tide phenomenon, which included the mixing 
of the water column in the middle layer (20 m). 
	
Significant variations were observed in pH units 
for PP1, with an average of 8.22 (n=22) with 
range between 7.45 to 8.52 unit.  Meanwhile, 
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Table 1: In-situ parameters in seawater collected during April 2016 (PP1) and April 2017  
(PP2) at Perhentian Island

       ST	 DEPTH	        SALINITY	            TEMP (°C)	            pH		          COND(mS/cm)	      DO (mg/L)	
	 (m)	 PP1	 PP2	 PP1	 PP2	 PP1	 PP2	 PP1	 PP2	 PP1	 PP2

       1	 3	 38.36	 31.01	 29.95	 29.4	 8.35	 8.05	 63.37	 51.85	 6.34	 5.06
N’102.4901, 	 6	 38.68	 30.99	 29.31	 29.3	 8.35	 8.06	 63.44	 51.71	 5.65	 4.96
  E’5.5651	 15	 38.35	 30.88	 30.28	 29.5	 7.45	 8.07	 63.51	 51.75	 4.97	 5.13
	 20	 38.48	 31.45	 29.37	 29.2	 8.31	 8.07	 63.23	 52.28	 3.71	 5.73
	 30	 38.45	 31.59	 29.34	 29.2	 8.28	 8.06	 62.29	 52.53	 5.48	 5.15
        2	 3	 38.51	 30.95	 30.13	 29.6	 8.23	 8.07	 63.03	 51.93	 7.02	 5.67
N’102.4829,	 6	 38.34	 30.94	 30.15	 29.6	 8.36	 8.08	 63.49	 51.92	 3.54	 5.76
   E’5.5551	 20	 37.44	 30.93	 29.3	 29.7	 8.32	 8.08	 62.35	 51.98	 4.33	 5.44
	 30	 38.29	 31.4	 28.88	 29.2	 8.02	 8.08	 62.12	 52.21	 4.44	 5.36
        3	 6	 38.44	 30.96	 29.58	 29.6	 8.25	 8.08	 63.43	 51.94	 4.85	 5.33
N’102.4753, 	 15	 38.46	 30.48	 29.62	 29.2	 8.37	 8.1	 63.38	 40.18	 4.48	 6.3
   E’5.5415	 20	 38.52	 31.17	 29.7	 29.1	 8.35	 8.09	 63.3	 51.82	 4.45	 5.79
	 30	 38.44	 30.95	 29.22	 29.8	 7.45	 8.08	 62.57	 28.7	 4.56	 6.43
        4	 3	 38.45	 30.95	 29.85	 29.7	 8.33	 8.08	 63.47	 52.06	 6.14	 5.58
N’102.4701, 	 6	 38.33	 30.95	 29.9	 29.6	 8.49	 8.08	 63.31	 51.89	 4.61	 4.75
   E’5.5320	 15	 38.17	 30.94	 29.97	 29.4	 8.37	 8.09	 62.97	 51.75	 4.74	 5.44
	 20	 38.23	 31.25	 29.5	 29.2	 8.05	 8.09	 62.54	 51.96	 4.41	 5.78
        5	 3	 38.44	 30.97	 30.1	 29.8	 8.22	 8.09	 63.33	 52.15	 4.43	 5.71
N’102.4637, 	 6	 38.38	 30.97	 29.95	 29.7	 8.52	 8.09	 63.31	 52.04	 5.8	 5.85
   E’5.5233	 15	 38.52	 30.98	 29.73	 29.6	 8.39	 8.09	 63.44	 51.92	 4.54	 5.77
	 20	 38.52	 30.92	 29.83	 29.4	 8.24	 8.09	 63.26	 51.69	 5.32	 5.67

Table 2: In-situ parameters in seawater collected during September 2017  
at Pangkor Island, (PG)

       ST	 DEPTH (m)	 SALINITY	 TEMP (°C)	 pH	 COND(mS/cm)	 DO (mg/L)
						    
        1	 3	 28.51	 29.7	 7.55	 48.345	 5.85
N’100.5763, 	 6	 30.73	 29.5	 7.86	 51.496	 5.71
  E’4.1814	 15	 31.32	 29.4	 7.9	 52.262	 6.16
        2	 3	 30.94	 28.6	 6.16	 51.891	 7.99
N’100.5295, 	 6	 30.95	 29.6	 8.01	 51.938	 6.09
  E’4.2026	 20	 30.96	 29.6	 8.02	 51.981	 6.65
	 30	 30.99	 29.5	 8.01	 51.927	 5.79
        3	 3	 30.83	 29.6	 8.03	 51.723	 6.66
N’100.5303, 	 6	 30.83	 29.5	 8.03	 51.677	 6.01
E’4.2344	 15	 30.92	 29.5	 8.02	 51.808	 6.17
        4	 3	 30.28	 29.7	 8.04	 51.028	 6.07
N’100.5268,  	 6	 30.83	 29.7	 8.04	 51.834	 6.09
  E’4.2544	 15	 30.85	 29.7	 8.04	 51.852	 6.27
        5	 3	 30.77	 29.7	 8.06	 51.776	 5.94
N’100.5291, 	 6	 30.83	 29.7	 8.06	 51.834	 6.59
  E’4.2665	 15	 30.85	 29.7	 8.06	 51.848	 5.78
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Fig. 2. Bathymetry data for salinity, pH and DO in April 2016 PP1 and April 2017 (PP2) at five different stations
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pH ranged from 8.05 to 8.10 units (Table 1,  
Fig. 2) in PP2 with an average of 8.08 (n=22), giving 
a constant pattern in pH measurement. As the NEM 
2015/16 wind promoted strong mixing and water 
turbulence, this might had contributed to the high pH 
readings in PP1, which showed unstable patterns 
throughout the water column (Fig. 2). In addition, the 
high tide phenomenon might also be the important 
factor for the increased pH observed in this season. 
Usually, pH varies with tidal cycle and conditions, 
where higher values are measured at high tide and 
low values at low tide38. This could explain the odd 
readings of pH 7.45 in PP1 (Table 1). However, 
the pH values in PP2 indicated an acidic seawater 
condition, compared to PP1. 

	 The bathymetry data for pH (Fig. 2) in PP1 
showed the mixing of the pH in the water column, 
with no consistent source as a result of the high tide 
phenomenon as reported by the meteorological data. 
Meanwhile in the data shown in PP2, a pattern was 
seen coming from the island from St. 5, with slightly 
higher pH on the surface, as a result of island input.

	 Variations were observed in the DO 
data for PP1 (Fig. 2), where the ranges were from  
3.54 mg/L to 7.02 mg/L (Table 1) with a mean of  
4.94 mg/L (n=22). In contrast, constant readings 
were recorded in PP2 (Fig. 2), from a range of  
4.75 mg/L to 6.43 mg/L (Table 1), giving an average 
of 5.56 mg/L. For PP1, the high tide phenomenon 
might be the key factor in the high DO values found 
in our study area, where high DO was found during 
the high tide, and vice versa. Similar findings were 
recorded by Fortune and Mauraud38, where they 
found the highest DO values at high tide and lowest 
values at low tide. These findings were comparable to 
Adiana et al.,39; Suratman et al.,40 and the Malaysian 
Meteorological Data reports by Sang et al.,37. The 
variations in DO indicated a temporal pattern since 
DO change with tides condition38 for PP1 and PP2. 
DO measured increases and decreases for each 
high and low tide, which also reflecting diurnal 
patterns. Butler and Padovan41 also observed 
similar complex patterns for DO, thus suggesting 
the probability of a number of factors may involve in 
determining this variability

	 The DO data in PP1 showed higher 
concentration on the upper layer (Fig. 2) as expected, 

since the DO is associated with solar radiation and 
penetration, however mixing were also shown in the 
middle layer of the water column, suggesting the 
large influence from the variation of tidal movement38. 
Compared to data in PP2, the DO pattern was lower 
than PP1 and more complex, indicating a number of 
factors involving in the distribution. 

	 Meanwhile, the conductivity data showed 
a constant pattern for both PP1 and PP2 (Table 1), 
with lower readings recorded in PP2, ranged from 
28.7 mS to 52.53 mS (Table 1) with an average 
50.30 mS (n=22) in the post-monsoon season. In 
comparison, PP1 had a higher conductivity with 
an average of 63.10 mS (n=22) from a range of 
62.12 mS to 63.51 mS (Table 1). High turbulence 
and rapid mixing might affect conductivity resulted 
from the unusual strong wind El Niño episode and 
the high tide phenomenon might had contributed 
to this condition. Fortune and Mauraud38 reported 
similar findings in a review, where their conductivity 
data was observed to increase with high tides with 
peaks at strongest tide.

	 For Pangkor Island (PG), the salinity was 
found at 28.51 to 31.32 psu (Table 2), with an average 
of 30.71 (n=16). Salinity distribution within coastal 
water indicates the fluxes of fresh water from the 
rivers, and seawater supplied by exchange with the 
ocean. Salinity concentration and distribution can 
be affected by the tidal flows, rapid mixing of fresh 
and marine water, by wind and the water currents42. 
In the other hand, temperature was found to be 
in between to 28.6 to 29.7oC, with an average of  
29.5oC (n=16). Temperature is an important indicator 
in water quality, since it shows the trend of the 
temporal variation present43, where the water currents, 
change in solar insulation and local hydrodynamics  
can cause water temperature to change. 

	 Constant pH was found at 6.16 to 8.06 unit 
(Table 2), with an average of 7.86 (n=16). Compared 
to the pH data in PP1 and PP2, PG data had the 
lowest pH range, starting at 6.16. This could be due 
to the shallower depth and more marine activites 
conducted around the island during the sampling 
time. DO was found between 5.71 to 7.99 mg/L 
(Table 2), with average 6.23 (n=16). DO production 
and consumption are influenced by algal and plant 
biomass, water temperature and light and are also 
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influenced by seasonal variations44. Since the island 
had a shallower depth, increased solar radiation and 
penetration could influence the DO concentration in 
the water column.

	 In general, the changes in pH, salinity and 
DO concentration could affect the complexation 
processes in the water column, especially for pH 
parameter. Speciation is highly dependent on the 
water pH, thus slight changes would affect the 
process14. The lower pH in PP2 and PG might 
influence the complexation process, as suggested 
by Gledhill et al.,14, since a number of ligand pool 
were affected by the pH of the water, while DO 
and salinity might affect the phytoplankton and the 
production of natural ligands by phytoplankton for 
speciation. Hence, further speciation analyses were 
conducted to study the effects (if any) and the results 
were discussed as follows. 

Distribution of natural organic Cu(II)-ligands 
binding (CuL) in Perhentian Island (PP)
	 The complexation analysis for organic 
Cu(II)-ligands binding was carried out by using 
the competitive ligand exchange-adsorptive 

cathodic stripping voltammetry (CLE-AdCSV). The  
CLE-AdCSV is an indirect method, which detects an 
electrochemically active complex, formed between 
Cu and SA, organic ligand added to the sample. 
The measurement was made after equilibrium has 
been established between the competing ligand 
SA and naturally occurring, Cu(II)-binding organic 
ligands. In CLE-AdCSV, the surface-active Cu(SA)2 
complex formed during the competitive equilibration 
is subsequently adsorbed to a hanging mercury drop 
electrode (HMDE) for a time period appropriate to 
the concentration of Cu2+, and the analytical signal 
obtained was the reduction current resulting from 
reduction of Cu(II) in the adsorbed complex to Cu 
(0) during the cathodic stripping step. 

	 Recovery analysis was carried out by using 
10 L surface seawater sample of the study area. From 
this sample, 10 bottles of 250 ml Nalgene were used 
to freeze the sample for recovery analysis. The results 
showed good agreement with all ten analyses, which 
ensured the accuracy of the titration method.

	 The peak potential for the copper was 
detected at ca. -0.32 V (Fig. 3 A), compared with 

a peak potential of -0.36 V found by Campos and 
van den Berg32  in a similar SA concentration of  
25 µM. This difference might be due to the storage 
of the reference electrode, which is supposedly 
stored in KCl3M solution. The height of the peak 

was found to increase approximately linearly with the 
increased Cu standard addition in each titration cell 
(subsamples) (Fig. 3 B).  The equilibration time was 
long (overnight), to allow slow reaction process in low 
concentration of free copper (excess SA complexed 

Fig. 3. (A) Voltammogram of Cu (SA) peak under differential pulse mode from seawater sample from St. 2 (6 m depth) 
at Perhentian Island, Terengganu. Voltammetric parameters: deposition time 120s; deposition potential -1.1 V and start 

potential -0.15 V. (B) The current (nA) plotted versus the total amount of Cu (nM) from St. 5 (6 m depth). The first few points 
(black-square) of the titration indicated that about half of the natural organic complex dissociated due to the competition 
with the added ligand (SA). The concentration of added ligand and Cu (II) complex is directly related to the peak heights 

(ip) of the voltammetric measurements

(A) (B)
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the added copper) and possible side-reactions of the 
natural complexing ligands with the major cations in 
the sea water might also occurred32.

	 The presence of an excess of the organic 
ligands in the seawater samples from Perhentian 
Island (PP) was indicated by the curvature in a plot of 
the measured voltammetric current (ip) versus the total 
Cu concentration (Fig. 3 B). The theory of the curve and  
the straight line had been discussed previously31, 47. 
Curvature is usually only observed at low Cu(II) 
concentrations. The curvature is an evidence for natural 

organic Cu(II) binding ligands complex formation with 
added Cu, and as the natural ligands become saturated 
with Cu a straight line is observed indicating that all 
the added Cu is being complexed by the SA added 
ligand47. The function of the SA added ligands is to 
bind Cu(II) which is present in the seawater samples 
to make it detectable by AdCSV. The SA added ligand 
competes with the natural ligands in the sample so, 
if half of the Cu(II) is bound by the added ligand, the 
complex stability of natural ligand is about the same 
as that of added ligand31, 47.

	 An UV irradiation seawater (UVSW) sample 
was used according to Campos and van den Berg14 

where it functioned to remove any organic ligand 
present in the seawater samples. The comparison 
between UVSW and non-UV sample was presented 
in Fig. 4 above. The straight line obtained in UVSW 
showed the non-existence of organic ligand in the 
seawater and Cu reacted to the added SA meanwhile 
in non-UV curved line showed the opposite. 

	 The plot did not start at 0,0 intersections 
for the sample due to the significant concentration 
of natural copper in the seawater (3.7 nM) which 
was strongly complexed prior to the beginning of the 
experiment and affecting the detected concentration 
of complexing ligands14. The ligand concentrations 
and conditional stability constants were derived 
from the linearized data (Fig. 4 B). The peak heights 
from the complexing ligand titrations as function of 
added copper concentration are needed to evaluate 

the strength of copper complexation with SA before 
conducting the linearization procedure. Ligand 
concentrations (CL) and the conditional stability 
constant; which will be referred here (K'CuL) are 
obtained by titrations method of linear least-square 
regression of [Culabile] / [CuL], as function of CL in 
accordance with the equation followed46,47.

	 For Cu speciation analyses at Perhentian 
Island (PP), we have classified our St 1, 2 and 3 
as stations located far away from the Perhentian 
island (> 5 km), while St. 4 and St. 5 as are close 
stations to the island (< 5 km). For April 2016 
(PP1), the data at St. 1 and St. 2 were unavailable 
for discussion due to unseen circumstances during 
analysis. The PP1 data showed slight variations 
of distribution patterns of dissolved Cu (dCu) and  
Cu-ligand (CuL) throughout the water column, where 
the concentrations were quite similar for all stations 
(Fig. 5) and the concentrations decreased from 

Fig. 4. (A) Comparison of UV irradiated (straight line) and non-UV (curved) seawater sample from St.2 at Perhentian Island, 
Terengganu. (B) Linearization model of the titration data from St. 5 (6 m depth) by using van den Berg linearization formula 

to determine the complexing ligand concentrations and conditional stability constant
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the surface (3 m) to the bottom layer (20 m) with 
dCu range between 3.12 nM to 9.61 nM (Table 3). 
Excess ligands were detected in all stations, giving 
99.7-100% CuL binding percentage, with strong 
ligand present in the water (log K>12).  The data for 
distribution of natural organic Cu(II)-ligands binding 
(CuL) is presented in Table 3.

	 The dissolved Cu (dCu) for PP1 is lower 
than in PP2 as shown in Table 3. The dCu range in 
PP1 was between 3.12 to 9.61 nM, while in PP2, the 
range was in 5.48 to 10.08 nM (Table 3), respectively. 
This result might be affected by the monsoon season 
which causes changes to the seawater condition, 
especially with the El-Nino phenomenon and longer 
NE 2015/2016 period, as discussed in the in-situ 
data above.

	 Meanwhile, for PP2, the dCu patterns 
showed a constant pattern in St. 1, St. 2 and St. 3, 
with a wide range of concentration pattern observed 
in St. 4 and 5 (Fig. 5). Interestingly, for NE 2016/2017, 
the NE period was shorter compared to the NE 
2015/2016, where it started late in November 2016 
and ended earlier in March 2017 due to the weak  
La-Nina influence45. This condition might had affected 
the dCu and CuL formations in the water column and 
also be the reason why similar distribution pattern 
was observed in St. 1 and 2 in April 2017 (Fig. 5). 

The pattern however was observed to be different 
in St. 4 and 5, which might be influenced by the 
island input during this period, since the monsoon 
effect had withdrawn. Since the stations (St. 4 and 
St. 5) were close to the island and the seawater was 
shallow in the area, benthic influence to the chelators’ 
production might also be the possible cause of 
high CuL in St 4. and 5. Skrabal et al.,48 reported a 
large benthic source of chelators in shallow water 
of Chesapeake Bay that may be produced from 
heterotrophic bacteria, which supplied 10-50 % of 

the Cu-complexing ligand in the area.

 

	 For all stations in PP1 and PP2, dCu 
concentration was the highest at the middle and 
bottom layer (Fig. 5), which might be caused by rapid 
mixing and strong turbulence of water current during 
the season. The presence of strong current velocity 
during monsoon can affect the metal concentrations 
and distributions in the water column, as well as the 
metals remobilization and fluxed phase in the water 
column49, 50. Potential diagenetic remobilization of 
metals back into dissolved phase from suspended 
sediments might also be one of the factors 
contributing to the increased concentrations at the 
bottom layer51.  Meanwhile, the CuL concentrations 
were always in excess to the dCu (Figure 5). 

Fig. 5. The concentration of copper complexing ligands (CuL) and dissolved copper (dCu) at all stations at Perhentian Island, 
Terengganu in PP1 and PP2
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Distribution of natural organic Cu(II)-ligands 
binding (CuL) in Pangkor Island
	 The speciation analysis for Pangkor Island 
Marine Park (PG) was conducted to study the current 
status of Cu complexation in the area (west cost of 
Peninsular Malaysia) nd then the data was compared 
to speciation data in Perhentian Island Marine Park 
(PP). In this study, Cu speciation and its distribution 
data are displayed in Table 4 and Fig. 6. Constant dCu 

and CuL distribution patterns were observed in Fig. 6. 
The lowest concentration of dissolved Cu (dCu) was 
detected in St.1 (6 m), with 2.09 nM (Table 4), while 
the highest dCu was found at St.2 (15 m) with 9.11 nM  
(Table 4). In general, the dCu range was between 
2.09 nM to 9.11 nM. Excess Cu-complexing ligand, 
CuL, was found at all stations with wide concentration 
range between 4.05 nM to 13.70 nM. 

Table 4: Cu speciation data at Pangkor Island (PG). Dissolved Cu concentration  
([dCu]), total Cu binding ligand ([CuL]) and stability constant of Cu ligand (log K’)  

were determined, and also the free Cu binding-ligand ([L’]) = [CuL] – [dCu]

  St	 Depth
	 (m)	 [dCu]	 CuL	 log K'	 L-	 CuL	 CuL/dCu	 Cu2+ (M)	 pCu
		   (nM)	 (nM)	 (mol-1)	 (nM)	 (%)	  	  	 (M)

  1	 3	 3.41	 4.41	 11.93	 1.00	 99.88	 1.29	 4.0064x10-22	 8.83
 	 6	 2.09	 4.05	 12.08	 1.96	 99.96	 1.94	 8.86932x10-23	 9.04
  	 15	 3.10	 8.59	 12.10	 5.49	 99.99	 2.77	 4.48528x10-23	 8.87
  2	 3	 6.40	 13.25	 11.67	 6.85	 99.97	 2.07	 1.99751x10-22	 8.56
 	 6	 4.20	 4.81	 12.66	 0.61	 99.96	 1.15	 1.50633x10-22	 8.74
 	 20	 9.11	 11.14	 12.84	 2.03	 99.99	 1.22	 6.48668x10-23	 8.40
 	 30	 5.81	 13.70	 11.19	 7.89	 99.92	 2.36	 4.75444x10-22	 8.60
  3	 3	 7.12	 9.00	 12.17	 1.88	 99.96	 1.26	 2.56048x10-22	 8.51
 	 6	 5.34	 6.24	 12.36	 0.90	 99.95	 1.17	 2.58999x10-22	 8.63
 	 15	 6.37	 9.28	 10.93	 2.91	 99.60	 1.46	 2.57185x10-21	 8.56
  4	 3	 4.30	 8.55	 11.73	 4.25	 99.96	 1.99	 1.88399x10-22	 8.73
 	 6	 5.31	 5.48	 12.46	 0.17	 99.80	 1.03	 1.08304x10-21	 8.64
  5	 3	 4.29	 7.74	 11.55	 3.45	 99.92	 1.80	 3.5046x10-22	 8.73
 	 6	 4.61	 6.22	 11.58	 1.61	 99.84	 1.35	 7.53139x10-22	 8.70
 	 15	 5.22	 5.90	 12.27	 0.68	 99.92	 1.13	 4.12251x10-22	 8.64

Fig. 6. The concentration of copper complexing ligands (CuL) and dissolved copper (dCu) at all stations at Pulau Pangkor

	 For St.1, 2 and 3, which were located far 
from the island, the dCu concentrations were high 
at the surface (3 m depth), before decreasing at 
the middle layer (6 m) depth. This was related to 

the uptake processes by the phytoplankton in the 
water column, as discussed by Trevors and Cotter51. 
In surface layer, strong Cu-binding ligands were 
produced by the phytoplankton and other marine 
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organisms present in the water column for the uptake 
processes52. In contrast, the dCu concentration in 
St.4 and 5 was found to be higher in the middle layer, 
which was related to the island input, since these two 
stations were located near the island. 

	 The conditional stability constant (log K’), 
which indicates the binding strength between Cu 
and complexing ligand, showed the presence of 
both strong, L1 and weak, L2 ligand class.53 The 
strong ligand was widely defined to have a log 
K’>12.00, while the weak would have log K’<12.00. 
Each station showed both strong and weak ligand 
buffering 

	 Capacity, with the lowest log K value found 
at St.3 (15 m) with 10.93 (Table 4), while the highest 
was found at St. 2 (15 m) with 12.84 (Table 4). The 
log K’ values are important indicator, as it shows 
the binding strength between the dissolved Cu 
and also the ligand present. The strong Cu-ligand 
complex would prevent the free Cu2+ in the water 
column. In every station, the surface layer had lower 
log K’ values, compared to the higher values found 
in the middle layer. As suggested by Croot20, the 
phytoplankton species present in the water column 
is an important factor of the Cu-complexing ligand 
produced. However, the lack of data for phytoplankton 
species in the study area is limiting this study to make 
further suggestions on the phytoplankton species 
present. 

	 The saturation state of Cu-organic ligands 
was found with ratio range between 1.03 to 2.77 
(Table 5). This indicated the low capacity of buffering 
ligands to bind to dissolved Cu inputs. The findings 
in this study was found comparable to Thuro´czy  
et al.,54. The measured pCu values (10.59 to 12.35 
M) were found to be in comparable to other coastal 
studies19. The pCu values were measured for Cu 
lability and mobility in the water, where it reflected 
the Cu uptake and toxicity to marine organisms. 
The calculated pCu in this study showed low Cu 
toxicity, due to the low free Cu2+ ion in the study 
area. This indicated that dissolved Cu functions in 
bioavailability, rather than toxic in the area.

Cu(II) speciation in Malaysian coastal water
	 The speciation analysis was carried out 
twice in Perhentian Island (PP1 and PP2) to study 
the possible effect of the Northeast monsoon in the 

area, calculated in the log K’ values as suggested 
by Gledhill et al.,14. Based on the results collected, 
changes in distribution and concentration were seen 
between the two samplings, where the Northeast 
monsoon affected the physiochemical properties in 
the water column (Fig. 2). Next, one similar analysis 
was done in Pangkor Island (PG), to compare the 
seawater condition between the two Marine Park 
sites before the results were compared to other 
studies in coastal areas to discuss the findings. In the 
previous study by Gledhill et al.,14, the small changes 
in pH values caused major differences in the log K’ 
calculations. The wide range of pH (6.16-8.06) found 
in this study also showed the similar result seen in 
Gledhill et al.,14. Statistical analysis was carried out 
(regression analysis and Pearson’s correlation) for 
all three pH, DO and salinity data. However, the 
results showed weak relationship to the log K’ values  
(p> 0.05). Other factors, such as phytoplankton 
species and the natural ligand productions might had 
affected the results and more studies are required in 
the future to help us understand the relationship. 

	 For detailed Cu(II) speciation discussion in 
both our sampling areas (PP and PG), a simplified 
table by using range was applied for discussion 
due to the lack of data and for clear comparison in 
Table 5. In this study we have analysis two series 
of samplings in Perhentian island (PP1 and PP2) 
in order to identify the possible effect of Malaysia’s 
climate (Northeast monsoon) to the Cu speciation 
distribution. In fact, there was a strong El Niño 
episode occurred in the area during the Northeast 
monsoon (NEM) 2015/16 period59 during the PP1 
sampling, but not in PP2. The El Niño caused the 
Northeast monsoon to be longer than59 and in turn, 
affecting the water condition by releasing of some 
metals from the suspended particulate materials 
which led to re-suspension of surface sediment due 
to the strong current velocity39 and influenced the 
metal remobilization in the water column50.

	 Besides that, we also determined the role of 
physical chemical parameters (pH or salinity) on log 
K' value of Cu speciation by comparing its distribution 
between two different sides; east coast (Perhentian 
island, PP) and west coast (Pangkor island, PG) of 
Peninsular Malaysia. 

	 For both PP1 and PP2 data, crucial 
parameters in Table 5 (salinity and pH) clearly 
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showed large differences in values, especially in 
PP1, which showed a large range of data in the 
in-situ parameters readings compared to PP2 and 
PG. This was due to the unstable condition because 
of the monsoon and high tide phenomenon, shown 
by the salinity values, which was higher in PP1  
(38 ppt) compared to PP2 (31 ppt). In PP1, the 
unstable condition might had affected the odd pH 
readings in the area, leading to a lower pH value 
(7.45 unit) compared to PP2 (8.05 unit). In theory, 
lower pH leads to lower log K' values, as a result of 
reduced complexation capacity by natural ligands 
calculated in log K' values14. However, based 
on the excess L- data, the higher concentration 

of free ligands was found in PP1 (0.49-7.05 nM), 
compared to PP2 (0.10-4.23 nM) (Table 5). Then the 
saturation ratio (CuL/dCu) in PP1 was also higher 
(2.31) compared to PP2 (1.60), which explained the 
higher excess ligand concentration. The pCu value 
was also higher in PP1 (12.39 M), which explained 
the higher rate of free Cu2+ production, as a result 
of non-complexed Cu-ligands. This could suggest 
that the lower pH in PP1 compared to PP2 was not 
necessarily against the previous suggestion14 but 
perhaps other factors such as existence of strong 
ligand producer had influenced the higher log K' 
values compared to PP2. 

Table 5: Simplified table for Cu speciation data at Pulau Perhentian, Terengganu in April 2016 
(PP1), April 2017 (PP2) and Pangkor Island (PG). Dissolved Cu concentration ([dCu]), total Cu 

binding ligand ([CuL]) and stability constant of Cu ligand (log K’) were determined, and also the 
free Cu binding-ligand ([L’]) = [CuL] – [dCu]

Sampling	 Salinity	 pH	 [dCu]	 [CuL]	 log K'	 [L-]	 CuL	 CuL/dCu	 [Cu2+]	 [pCu]
    site	 (ppt)		  (nM)	 (nM)	 (mol-1)	 (nM)	 (%)		  (M)	 (M)

    PP1	 37.44-	 7.45-	 3.12-	 3.68-	 12.04-	 0.49-	 99.7-	 1.05-	 6.82x10-23 –  	 10.49-
	 38.68	 8.52	 9.61	 13.05	 12.96	 7.05	 100	 2.31	 3.23x10-21	 12.39
    PP2	 30.92-	 8.05-	 5.48-	 6.11-	 12.00-	 0.10-	 95.1-	 1.00-	 5.73x10-23 – 	 10.44-
	 31.59	 8.10	 10.08	 10.29	 12.58	 4.23	 100	 1.60	 3.58x10-20	 11.42
     PG	 28.51-	 6.16-	 2.09-	 4.05-	 10.93-	 0.17-	 99.60-	 1.03-	 8.86x10-23  	 8.40-
	 31.32	 8.06	 9.11	 13.70	 12.84	 7.89	 99.99	 2.77	 2.57x10-21– 	 9.04

   

	 The saturation state of Cu-organic ligands 
can be identified by using the CuL/dCu ratio (Table 5). 
Thuro´czy et al., 54 stated that a low ratio (close to 1) 
indicated a saturated ligand-metal complexation and 
the probability of low capacity of the ligands to bind 
and buffer any extra metal input, whereas high ratio 
(more than 1) can increase the metal solubility and 
keep metal in dissolved phase, since the ligand pool 
is unsaturated and able to buffer extra metal input. 
An enhanced ratio indicates a relatively large excess 
of ligands where external inputs of metal would be 
readily complexed by ligands. The CuL/dCu ratios 
calculated (Table 5) showed consistent pattern with 
depth and location. For both PP1 and PP2, the ratios 
were in low ranges (PP1:1.02-2.31, PP2:1.00-1.60), 
especially in PP2. This could indicate a saturated 
Cu-ligand complexation in the areas (Perhentian 
Island), as stated in previous work by Thuro´czy  
et al., 57 . In his study, Thuro´czy57 found a low ratio 
(1-2) at the surface ocean, and found higher ratio 
(4-13) at ~50 m depth. Similar ratio range was found 

in this study, where areas usually had ratio < 2.5, and 
approximately constant with depth. These findings 
were then supported by the low excess ligand 
(L-) found in the study area (Table 4 and 5). The 
concentration of excess ligand ([L-] = [CuL] – [dCu]) 
showed the concentration of free Cu-binding sites, 
where low values of L- indicated a near-saturation of 
Cu and ligand (Thuro´czy et al.,54.  as shown in our 
data. The findings suggested a saturated ligand-Cu 
complexation in the area, even though a higher ratio 
was found during the unstable condition in PP1, but 
the lower ratio close to 1 in PP2 indicated a good 
complexation processes in the water column, thus 
reducing the concentration of free Cu2+ ions, and 
excess ligand, L- concentrations.  

	 The concentrations of Cu2+ in PP1 and 
PP2 were slightly similar with range 6.82x10-
23-3.23x10-21 M and 5.73x10-23–3.58x10-20 M  
(Table 5), respectively. This Cu2+ concentrations were 
still below the threshold limit for both PP1 and PP2. In 
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fact, free Cu2+ concentrations as low as 10-11 M can 
completely inhibit cyanobacteria growth rates, while 
at Cu2+ concentrations above ~10-11 M, it appears as 
though the viability of many phytoplankton species, 
including diatoms, begins to decline. At the higher 
concentrations of Cu2+ (~10-11 M), copper will become 
toxic to aquatic microorganisms10, 12.  The Cu2+ ions 
become toxic to phytoplankton by affecting the 
uptake sites for micronutrients such as Zn2+ and 
Mn2+.The low concentrations of Cu2+ in PP1 and PP2 
were resulted by production of the strong type ligand 
(L1) during both sampling periods at Perhentian 
Island. The binding strength (log K') between Cu 
and complexing ligand were 12.04-12.96 and 12.00-
12.58 in PP1 and PP2 (Table 5), respectively. This 
strong binding of CuL resulting to the more than 
95.1% of dissolved copper in this sampling site exists 
as organic complexes. Wide range of log K' value 
was observed at Perhentian island, especially in 
PP1, which probably resulted from the NE monsoon, 
with variations in the percentages of Cu-ligand 
recorded. However, all stations showed acceptable 

strong buffering capacity in Cu-ligand complexes. 
This suggested that dissolved Cu in the area 
function in bioavailability and possibly low toxicity 
threat to the marine microorganisms, since Cu 
bioavailability in marine environments is controlled 
by the concentration of free Cu2+ ion species, and not 
the dissolved copper or the organically complexed 
copper species52. These findings are comparable 
to other studies of which the conditional stability 
constants were in the range between 10-9 and 10-15 

M and more than 99% of copper present as organic 
complexes53. 

	 Comparison  with other coastal data showed 
agreement with our data (Table 6). Similar sites with 
acceptable salinity range within our own suggested 
the presence of strong Cu-ligand complexed with 
log K’ >12. Similar range of dCu concentrations were 
also observed in these sites and the pCu values also 
suggested the probability of dCu to function more to 
bioavailability, thus eliminating the toxicity threats of 
free Cu2+ ions in the study areas.

Table 6: Cu speciation and comparison at Pulau Perhentian and other coastal areas

Site	 Salinity	 dCu (nM)	 Log K’	 pCu (M)	 Reference

PP1	 38-39	 3-10	 12-12.96	 10-12.4	 This study
PP2	 30-32	 4-13	 12-12.97	 9-12.46	 This study
PG	 28-31	 2-9	 10-12.84	 8-9	 This study
Vineyard Sound	 31-32	 4.4	 12.75	 -	 Moffett et al.,55

Great Pond	 29-32	 6.3	 14.08	 -	 Moffett et al.,55

Waquoit Bay	 29-31	 4.3	 12.74	 -	 Moffett et al.,55

San Simon Inlet	 33-35	 5-15	 12.92	 13.3	 Echeandia et al.,56

Bohai Bay	 29-31	 18-25	 12-13.6	 12-13.1	 Li et al.,57

Venice Lagoon, Italy	 28-29	 10-25	 13-15	 13-13.5	 Chapman et al., 58	

	 On the other hand, we have recorded the 
lowest and a wide range of salinity and pH values 
in PG, but not happen to others parameters. The 
range of salinity and pH in PG was 28.51-31.32 and  
6.16-8.06 (Table 5), respectively. This condition 
during our sampling in PG might be influence the 
distribution of dissolved Cu speciation in the area. 
Previous study by Gledhill et. al.,14 has suggested 
that at low pH the copper binding by organic matter 
is decreases and this will be increasing a solubility 
of inorganic Cu. Based on our log K' value for PG, 
it was ranged 10.93-12.84 (Table 5) and indicated 
a wide range of log K' value compared to PP1 and 
PP2. Thus, this could suggest that pH plays an 

importance role in Cu binding ligand in our study 
areas. The decreasing of pH values could cause 
the binding strength (log K') to become weaker, 
which was supported by the highest saturation ratio 
values (1.03-2.77; Table 5) in PG which influenced 
the existence of two types of ligands in PG. Since 
pH could affect the primary production especially in 
a non-stable coastal environment59 the decreased 
pH in PG might had influence the phytoplankton 
compared to PP1 and PP2. 

	 However, since there was no direct 
relationship between the in-situ parameters and 
log K’ values proven by statistical analysis, the 
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discussion then focused on the crucial element of 
speciation, which is the presence of natural ligand 
produced by phytoplankton species in the area. 
This finding was also in odd with the theory for 
metal speciation, where the changes in pH values 
should affect the speciation processes14. However, 
referring to the complexation percentage and the 
saturation ratio of dCu/CuL, it could be suggested 
the roles of phytoplankton in buffering the metal ions 
present in the water column, as displayed by the 
saturation ratio values. Previously, phytoplankton 
studies were done in Perhentian Island, but not in 
Pangkor thus providing a little information on the 
phytoplankton groups in the area. Further study of 
the phytoplankton species in the Pangkor Island 
(PG) needs to be done to give an input about the 
species and their type of ligand produced for more 
detail information. 

	 Phytoplankton identification data from 
Li Yu and Mohamed60 showed the presence of 
at least32 species of phytoplankton detected in 
the Perhentian Island. Each station had different 
amount of phytoplankton at different depths. 
Notable species with highest amount at all stations 
include Peridinium sp, Ankistrodesmus acicularis 
sp, Rhizosolenia styliformis sp. and Aphanocapsa 
delicatissima sp. Station 2, 3 and 5 recorded high 
amount of phytoplankton measured with 1127, 1138 
and 1149 in 0.1 mL sample respectively. From the 
previous studies61, the percentage composition 
of phytoplankton groups in Perhentian Island for 
diatom was 98.69% of Bacillariophytes and 0.54% 
for Dinoflagellates species. This data indicated that 
diatoms were the phytoplankton communities that 
dominated the Perhentian Island seawater.

	 Currently, only Synechococcus has been 
found to produce L1-type ligands, although the 
prochlorophyte Prochlorococcus might also be 
a source62. In our data, there is no such species 
detected.  This is due to the fact that the cyanobacteria 
Synechococcus are minor constituents or are absent 
of the phytoplankton assemblages in coastal 
regimes. Evidence from many field studies of strong 
Cu complexation in coastal waters during eucaryotic 
phytoplankton blooms suggested the possibility that 
phytoplankton species other than Synechococcus 
produce strong Cu complexing ligands63. In our data, 
diatoms species such as Rhizosolenia styliformis 

sp and Chaetoceros similis sp were among the 
phytoplankton species such as Peridinium sp, 
Ankistrodesmus acicularis sp, Aphanocapsa 
delicatissima sp, Microcystis firma sp found in high 
amount on the upper water60. Interestingly, the 
diatom species detected in our sample, Chaetoceros 
sp had been found to be producing a weaker L2

 

type of ligand in previous study62 but not detected 
in our analysis due to different detection window, 
which was related to the concentration of added 
ligand, SA chosen in our analysis. The type of ligand 
produced by such species have not been studied 
yet and thus cannot be suggested in this work and 
need to be justified in future works. However, this 
finding does not deny the probability of type L1 ligand 
production by the missing phytoplankton species 
or the heterotrophic bacteria-which is not detected 
in this project. However, it must be pointed out that 
trace metals speciation by natural organic ligands 
excreted and produced by phytoplankton are not the 
only sources of metal complexing ligands. Previous 
studies showed that some marine bacteria and 
marine fungi64 also produced and absorbed ligands 
that strongly complex Cu2+, although the importance 
of these groups in affecting metal speciation65 in the 
coastal ocean is as yet unknown. 

	 In previous works, diatoms were found 
to produce Cu complexing ligands in laboratory 
analysis62 with one strain of the common coastal 
diatom S. costatum found to produce Cu chelating 
ligands with log K’>12. Even though this species 
was not found in this study, we cannot eliminate the 
possibility of more phytoplankton species present in 
the study area that were not found in our laboratory 
analysis. The conditional stability constants, log K’, 
as well as metal complexing capacity, had been 
used as physicochemical parameters used to see the 
metal-organic complexes in seawaters. These values 
indicated the ionic species of the metal which would 
be affected by the low concentrations of complexing 
material present. Since the data obtained from this 
study indicated a strong Cu-ligand relationship 
(log K’>12), and the diatoms were found to be the 
dominant species in the area, it is acceptable then that 
in Perhentian, the phytoplankton community present 
was a major source of Cu complexing ligands.

	 All the results observed in saturation 
rate, complexation percentage, and the conditional 
stability constant, log K’CuL and also the pCu data 
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for all three PP1, PP2 and PG islands suggested 
that the dissolved Cu in the study area are taken 
up by marine organisms, thus preventing the free 
Cu2+ ions to be produced. The complexing capacity 
of the species in the area were also highlighted in 
the results, which gave an indication of the ability of 
the organisms to absorb dissolved Cu and render it  
non-toxic, by complexing with dissolved Cu. In 
addition, the presence of dominant diatoms species 
might had also influence Cu bioavailability in the area. 
Since Cu is an essential micro-nutrient for growth, 
and the Cu species in the area appeared to be  
non-toxic by complexation, this had enabled the 
uptake process by marine organisms in the area. 
Further studies need to be done to get the information 
on the natural strong-ligand producer in the areas to 
clearly discuss their existence, distributions and roles 
in controlling the speciation processes. 

CONCLUSION

	 Our preliminary data for Perhentian 
and Pangkor Islands are presented here. Strong 
complexing ligands were found in Perhentian 
samples. The pCu and the free Cu2+ values were 
found below the threshold value (10-11 M) and these 
values should not generally induce toxic effects in 
biota. Even though the water parameter was affected 
by the Northeast monsoon, the speciation however, 
was found to be successful, indicating the role of 

organic ligands in the area. On the other hands, 
two types of ligands (strong and week ligands) was 
detected in Pangkor Island. This finding highlighted 
the influence of seawater pH on the binding strength 
of natural organic Cu(II) binding ligand in these study 
areas and to the primary production of phytoplankton. 
The saturation rate for both parks also showed good 
range of saturated ligand-dissolved Cu in the area. 
This further suggested that dCu in the area function 
in bioavailability, with low toxicity threat.  Extensive 
works need to be done in the future to tighten the 
missing information collected and to provide more 
data on speciation, toxicity and phytoplankton 
species for these marine parks.
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