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Abstract
Toxicity evaluation of wastewater, polluted sediment and water streams is a very crucial aspect of environmental pollution 
monitoring. In this work, a newly developed luminescent bacterial test using a tropical luminescent bacterium, Photobac-
terium sp. strain MIE was used to assess the toxicity of several heavy metals using a 15-min assay format. The assessment 
was carried out by exposing strain MIE to different concentrations of heavy metals ranging from 0.001 to 200 mg/L in 
a DTX microplate 96 wells. The toxicity result based on the inhibitory concentration (IC50) was Hg (0.053 mg/L) > Ag 
(0.12 mg/L) > Cu (0.85 mg/L) > Ni (12.32 mg/L) > Zn (18.72 mg/L) > Cr (26.02 mg/L). Principal Component Analysis (PCA) 
and Agglomerative Hierarchical Clustering (AHC) analyses showed the sensitivity (IC50) of strain MIE to several toxic heavy 
metals are comparable to the commercial luminescent assay, Microtox™ as both clusters together making it a good choice 
for an alternative near-real-time monitoring of heavy metals. The sensitivity of strain MIE towards heavy metals was proven 
through field trial works on several heavy metal-polluted sites in Malaysia. Thus, it is a good candidate as an early detection 
system for heavy metals in aquatic bodies in tropical countries.
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1  Introduction

Rapid industrialization in Malaysia has been generating 
profit to this country while causing harm to the ecosystem 
caused by the untreated wastes comprising of toxic heavy 
metals (Mohammed et al. 2011; Selamat et al. 2017; Titah 
et al. 2018). Heavy metal pollution is among the major prob-
lems due to an increase in the number of polluted rivers as 
Malaysia is shifting into a developed country. Based on the 
Malaysian Department of Environment (DOE) survey, the 
causes of heavy metal pollution include agriculture, agro-
based industries, solid waste disposal, industrial wastes, etc. 
(Abdullah 1995). The heavy metals that come from these 
sources may enter water bodies and remain persistence for a 
long period. Then, it will accumulate in plants and aquatic 
organisms and then transfer from one organism to another 
organism disrupting the food chains (Govind and Madhuri 
2014).

Since heavy metals are dangerous, their presence must be 
monitored regularly (Halmi et al. 2016). Quick and ongo-
ing detection of contaminants in waterways is necessary for 
safeguarding the ecosystem and public welfare (Kalogera-
kis et al. 2015). Thus, scientists have developed different 
methods to monitor toxic heavy metals in the environment. 
Common analytical techniques employing atomic absorption 
spectroscopy (AAS) and Inductive Coupled Plasma (ICP) 
have been implemented for measuring heavy metals in the 
environmental samples. These approaches are sensitive due 
to its capability to detect heavy metals at a very low con-
centration (Shukor et al. 2006). Even so, these kinds of tech-
niques endure a lot of drawbacks including time consuming, 
expensive, require an advanced facility, the final result is 
limited to concentration, and it does not assess the level of 
toxicity (Kaira 2013).

The luminescent bacterial assay could be a suitable candi-
date for biomonitoring of heavy metals due to their low cost, 
simple operation and rapid response (Halmi et al. 2014). It 
can be employed for measuring the toxicity of individual, 
mixes chemical substances and suitable to be used for almost 
all types of environmental samples, for instance, munici-
pal waste effluent, complex effluents, and sediment (Parvez 
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et al. 2006). Microtox™ is among the widely recognized 
commercial bioassay utilizing bioluminescent bacteria. This 
commercial bioassay makes use of the Vibrio fischeri (for-
merly identified as Photobacterium phosphoreum) that has 
optimum assay temperatures, which range from 15 to 25 °C 
(Canna-Michaelidou 1993; Medvedeva et al. 2009). These 
assaying temperatures are not appropriate for near-real-time 
biomonitoring for a tropical country like Malaysia which 
displays a broad variation of regular temperatures up to 
34 °C in the mid-day (Wong et al. 2016). Changes in several 
degrees Celsius out of this specific temperature can drasti-
cally influence the luminescence production by the bacte-
rium (Dewhurst et al. 2002). The application of this type of 
organism would require a refrigerated water bath making the 
assay system expensive and instrument dependent. Hence, 
a broad range of activity of bioluminescent bacterium is 
urgently needed for on-site biomonitoring applications in 
tropical regions (Halmi et al. 2014).

Luminescent bacteria are facultative anaerobes marine 
organism found mainly in marine, freshwater, and terres-
trial environments (Girotti et al. 2002). Luminescence is 
generated as a result of the aerobic oxidation process in 
the presence of an enzyme called luciferase. The reaction 
takes place whenever this particular enzyme oxidized the 
particular substrate luciferin and a reduced coenzyme flavin 
mononucleotide (FMN) (Kim et al. 2018; Meighen 1988). 
In the presence of the particular hazardous substance, the 
metabolic process engaged in the generation of lumines-
cence is going to be disrupted (Choi and Gu 2002). The 
inhibition of luminescence is dependent upon the amount of 
the toxic compounds existing inside the samples. The greater 
the amount or concentration of toxicants, the minimum the 
quantity of light emitted by tested bioluminescent bacteria 
(Ma et al. 2014). The impact of toxicants on this bacterium 
could be confirmed within just 30 min or fewer relying on 
what kind of toxicants (Girotti et al. 2008). This bioassay 
system needs a shorter incubation time due to the fact that 
bioluminescent bacteria is a prokaryotic cell, which pos-
sesses faster metabolic activity in comparison to eukaryotic 
cells. The bacterial species employed for inhibition assay 
consists of Vibrio fischeri, Photobacterium phosphoreum, 
Vibrio harveyi and Pseudomonas fluorescens (Girotti et al. 
2008).

In the prior work, a tropical luminescent bacterium had 
been isolated from Rastrelliger kanagurta and identified 
using 16 s rRNA as Photobacterium sp. strain MIE (Gen-
eBank accession no. KF647218). This isolated tropical 
bacterium is suitable for near-real-time biomonitoring of 
heavy metals in the tropical environment because it exhib-
ited a broad range of temperature and pH of the luminescent 
activity (Halmi et al. 2014). In this study, the sensitivity of 
strain MIE toward heavy metals by identifying the inhibi-
tory concentration (IC50) using 15-min assay approach was 

carried out. The Principal Component Analysis (PCA) and 
Agglomerative Hierarchical Clustering (AHC) were also 
employed to investigate the correlation of strain MIE sen-
sitivity to several heavy metals with the previous bioassay 
work. Finally, the sensitivity of strain MIE to heavy metals 
was proven through field trial works in heavy metal-polluted 
locations in Malaysia.

2 � Materials and methods

2.1 � Chemicals

All analytical grade chemicals used in this particular study 
were purchased either from Sigma (St. Louis, MO, USA) or 
from Merck (Darmstadt, Germany).

2.2 � Statistical analysis

The three independent experimental replicates data were 
statistically analyzed by identifying means and standard 
deviation. Comparison among groups of tested heavy met-
als was acquired through a one-way analysis of variance 
(ANOVA) with post hoc analysis using a Student’s t test. 
A P value of < 0.05 was considered statistically significant. 
Regression curves were built using the PRISM (Prism ver-
sion 5.00 for Windows), and GraphPad (GraphPad Software 
Inc., San Diego, CA, USA) for non-linear regression. Princi-
pal Component Analysis (PCA) and Agglomerative Hierar-
chical Clustering (AHC) were performed and analyzed using 
XLSTAT, Microsoft Excel add-on software (Trial Version).

2.3 � Preparation of luminescence media

Luminescence media containing the following ingredi-
ent (g/L): NaCl: 15 g, peptone: 10 g, glycerol: 3 ml, yeast 
extract: 3 g. For solid media substitute with agar: 18 g 
(Halmi et al. 2014).

2.4 � Preparation of minimal salt media (MSM)

Minimal salt media containing the following ingredient (g/l): 
NaCl: 15 g, glycerol: 3 ml, Na2H PO4: 7.02 g, NaH2PO4: 
7.704 g (Halmi et al. 2014).

2.5 � Preparation of metal ion stock solutions

Standard solution of metal ions such as mercury (Hg2+), 
copper (Cu2+), silver (Ag+), lead (Pb2+), chromium (Cr3+), 
arsenic (As+3), nickel (Ni2+), zinc (Zn2+), cobalt (Co2+), 
cadmium (Cd2+), (Atomic Absorption Spectrometry stand-
ard), sodium molybdenum dehydrate (H4MoNa2O6), potas-
sium sodium tartrate (KNaC4H4O6·4H2O), aluminum oxide 
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(Al2O3), manganese sulfate (MnSO±), lithium chloride 
(LiCl), sodium fluoride (NaF) and strontium chloride (SrCl2) 
were prepared at different concentration ranging from 
1000 mg/L, 100 mg/L, 10 mg/L, 1.0 mg/L and 0.1 mg/L 
and stored in acid-washed polypropylene containers.

2.6 � Measurement of luminescence

Beckman Counter DTX 800 multimode detector was used 
to measure luminescent production by strain MIE. The unit 
used was Relative Luminescence Unit (RLU). The measure-
ment was taken by collecting 200 µL of working solution in 
DTX microplate 96 wells before the readings were taken in 
triplicate (Halmi et al. 2014).

2.7 � Cultivation of Photobacterium sp. strain MIE

The luminescent bacterium, known as Photobacterium 
sp. strain MIE (GeneBank accession no. KF647218) was 
employed in this particular study. The bacterium was 
obtained from an in-house culture collection in the Faculty 
Biotechnology and Biomolecular Sciences at the University 
of Putra Malaysia (Halmi et al. 2014). One percent (v/v) of 
fresh bacterial culture (OD600 = 0.7–0.8) was inoculated in 
a conical flask containing 100 ml of luminescence media. 
Cells were cultivated at speed 150 rpm for 12 h at ambient 
temperature on a rotary shaker. The culture was centrifuged 
at speed 10,000×g for 10 min to remove the supernatant 
and substituted with minimal salt media to be a bacterial 
stock solution and stored in the chiller at 4 °C. The range 
of luminescence unit (RLU) needed for toxicity study was 
50,000–100,000 RLU units (Chun et al. 1996; Hong et al. 
2010). To obtain this, the bacterial stock solution was diluted 
using minimal salt media for hundred times. Before the assay 
was performed, the luminescence of the cells was measured 
and considered as minutes zero.

2.8 � Effect of metal ions on luminescent production 
at 100 mg/L

Metal ions such as mercury (Hg2+), copper (Cu2+), sil-
ver (Ag+), lead (Pb2+), chromium (Cr3+), arsenic (As+3), 
nickel (Ni2+), zinc (Zn2+), cobalt (Co2+), cadmium (Cd2+), 
(Atomic Absorption Spectrometry standard), sodium molyb-
denum dehydrate (H4MoNa2O6), potassium sodium tartrate 
(KNaC4H4O6·4H2O), aluminum oxide (Al2O3), manganese 
sulfate (MnSO±), lithium chloride (LiCl), sodium fluoride 
(NaF) and strontium chloride (SrCl2) were tested at con-
centration 100 mg/L. The assay was performed mixing 180 
µL of the bacterial working solution in DTX with 20 µL of 
metal ions from the 1000 mg/L of stock solution. For the 
control study, deionized water was used and replaced the 20 
µL of metal ions (Halmi et al. 2014; Hong et al. 2010). The 

reading of the mixtures was taken after 15 min of incubation. 
All the results were measured in percentage luminescence 
(%) and conducted in triplicate. The metal ions exhibiting 
the potent inhibitory impact on the luminescent production 
of strain MIE will proceed with IC50 analyses

2.9 � IC50 studies

The half maximal inhibitory concentration (IC50) is refer-
ring to the effectiveness of a substance in inhibiting bio-
chemical or a specific biological function. IC50 represents 
the concentration of a metal ion that is required to inhibit 
50% of luminescent production (Zeb et al. 2017). The IC50 
measurement was performed by screening the bacterium at 
various concentrations of metal ions ranging from 0.001 to 
100 mg/L with deionized water acting as a control to substi-
tute the metal ions. The mixtures were incubated for 15 min 
at ambient temperatures (Halmi et al. 2014). The reading 
was taken and treated in the same manner during minutes 
zero. The IC50 value was determined according to previ-
ous works reported by Shukor et al. (2006) and Girotti et al. 
(2002). The regression curves can be generated using the 
PRISM (Prism version 5.00 for Windows) non-linear regres-
sion analysis software available from GraphPad, (GraphPad 
Software Inc., San Diego, CA, USA). The sensitivity of this 
assay also can be determined by calculating LOD (limits of 
detection) and LOQ (limits of quantification). The stand-
ard errors were determined with at least three independent 
experimental replicates. The LOD is three times the standard 
deviation of the blank. Meanwhile, LOQ is ten times the 
standard deviation of the blank (Shukor et al. 2006).

2.10 � Field trials

Water samples were collected from different locations in 
Malaysia. They were obtained from industrial areas, riv-
ers and sea water including Prai Industrial Estate and Juru 
River which are located in Prai, Pulau Pinang, Perak River 
in Perak, Port Dickson beach in Negeri Sembilan and Endau 
Rompin, Pahang. The 200-ml samples were collected at ten 
different points along the river or beach located near the 
industrial and agricultural activities areas. Otherwise, for 
industrial areas, the samples were collected at ten different 
points in the polluted drain beside the factories (Shukor et al. 
2006). The collected samples from these sampling sites were 
placed in the acid-washed HDPE bottles containing several 
drops of 1% v/v nitric acid, HNO3. The purpose of this step 
was to extract out heavy metals that were bound to other 
compounds in the samples and to prevent it from binding to 
the walls of the bottle. A syringe filter with 0.45-µm pore 
was used to filter the samples before the samples were tested 
using this bioassay.
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In this study, a working solution of strain MIE was pre-
pared according to the previous section. The luminescence 
production was measured using a luminometer for real-time 
monitoring at polluted sites, and the tests were repeated in 
the lab for confirmation of the results obtained during on-
site studies. 180 µl of the working solution was introduced 
in each well of the microplate. 20 µl of mercury (1 mg/L) 
was added as the positive control for this assay while 20 µL 
of deionized water was used as the negative control. The 
mixtures were incubated for 5 min before the reading for 
zero min were taken. Then, the mixtures were incubated for 
15 min before a final reading was taken. The results were 
calculated in percentage luminescence (%). All the samples 
were analyzed in triplicates. In this study, conventional 
methods were used to identify the presence of toxicants in 
the water samples. The instruments that were used in this 
study were inductively coupled plasma–optical emission 
spectrometry (ICP–OES) for heavy metal detection, flow 
injection mercury system (FIMS) and high-performance 
liquid chromatography (HPLC) for xenobiotics. Heavy 
metals and xenobiotics standards were prepared to quan-
tify the actual concentration of toxicants that exists in every 
sample. The samples were filtered first by Whatman Filter 
Paper No. 1 before being analyzed by ICP–OES, FIMS, and 
HPLC. The results obtained were compared with the results 
obtained from the bioassay. The purposes of this step were 
to compare the accuracy and to correlate the results of this 
bioassay with instrumental analysis.

3 � Results and discussion

3.1 � Effect of metal ions on luminescent production 
by strain MIE

Screening result demonstrates heavy metals such as Hg2+, 
Cu2+, Ag+, Cr3+, Ni2+, and Zn2+ gave an inhibitory effect to 
the luminescence activity of strain MIE (%) as much as 1.34, 
1.36, 2.73, 4.01, 1.47 and 0.35%, respectively, as compared 
with the control (P < 0.05) that gave 100% of percentage 
luminescence (Fig. 1). These six toxic heavy metals giving 
inhibitory effect to strain MIE luminescent were considered 
for further IC50 studies (Hong et al. 2010). Meanwhile, other 
metals did not inhibit much since the percentage of lumines-
cence shows more than 90% of luminescent activity. Heavy 
metal might be inhibitory, stimulatory, or even toxic to lumi-
nescent bacteria, subjected to their concentrations and level 
(Gikas and Romanos 2006). According to this screening 
result, strain MIE responded sensitively to the heavy metal 
identified for causing severe harm to the environment. Thus, 
it could be a suitable candidate for evaluating the toxicity of 
those heavy metals (Rosado et al. 2016).

3.2 � IC50 studies

The summary of IC50, LOD, and LOQ values of inhib-
ited heavy metals are shown in Table 1, and the regres-
sion curves are presented in Fig. 2, respectively. The result 

Fig. 1   Percentage luminescence 
after inhibited by metal ions at 
100 mg/L final concentration. 
Data is mean ± standard error of 
the mean (n = 3)
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shows Photobacterium sp. strain MIE responded sensitively 
to mercury, copper, and silver with the lowest IC50 values 
0.053 mg/L, 0.17 mg/L and 0.12 mg/L, respectively. Other 
heavy metals show the highest IC50 compared to these three 
heavy metals. The sensitivity of Photobacterium sp. strain 
MIE toward tested heavy metals can be summarized as the 
following order: Hg (0.053 mg/L) > Ag (0.12 mg/L) > Cu 
(0.85  mg/L) > Ni (12.32  mg/L) > Zn (18.72  mg/L) > Cr 
(26.02 mg/L).

The values of LOD of mercury, copper, and silver of 
strain MIE are below than the maximum permissible level 
(MPL) permitted by EPA and WHO. The LOD is the lowest 
concentration for metals which can be detected with 99% 
of the confidence interval and is usually three times the 
standard deviation of the blank for the y-intercept. Mean-
while, LOQ is the concentration level above which the 
concentration can be determined with acceptable precision 
(RSD < 10–25%) and accuracy (usually 80–120% recovery) 
and is usually ten times the standard deviation of the blank 
for the y-intercept (Shukor et al. 2009). Based on this result, 
strain MIE was sensitive enough to several toxic heavy metal 
ions making the bacterium a good choice for the biomonitor-
ing of heavy metal ions in the environment.

Table 2 shows strain MIE was sensitive for certain met-
als such as mercury, copper, and chromium but shows less 
sensitive to nickel as compared with Vibrio fischeri Micro-
tox™. Otherwise, the IC50 value of zinc was comparable 
to Vibrio fischeri Microtox™. The advantage of using this 
bacterium was that the assaying process can be performed 
at a temperature range from 15 to 33 °C without the use of 
expensive thermostat or refrigerator making this bioassay 
using Photobacterium sp. strain MIE cheaper and tempera-
ture stable (Halmi et al. 2014). Comparison with Deltatox 
showed that IC50 of mercury and copper was comparable 
but strain MIE is more sensitive to silver, chromium, and 
nickel but for zinc, Deltatox was more sensitive. Based on 
the results, strain MIE is more sensitive to Vibrio fischeri 
used in Deltatox for detection of several toxic heavy metals.

The relative sensitivity, R, of heavy metal toxicity to 
Photobacterium sp. strain MIE was calculated and com-
pared with other reported bioassays. The relative toxicity 
is referred to as the ratio of IC50 Photobacterium sp. strain 
MIE to IC50 of another bioassay. High values of R mean 

that high sensitivity to other bioassay and low sensitiv-
ity to strain MIE (Sankaramanachi and Qasim 1999). The 
relative sensitivity results are summarized in Table 3. It 
may be noted that strain MIE is considerably sensitive to 
all listed toxic heavy metals comparable to Vibrio fischeri 
Microtox™. Nevertheless, Daphnia magna and Rainbow 
trout demonstrated greater relative sensitivity, R value 
suggesting that both bioassays were very sensitive to 
several heavy metals. However, both bioassays required 
a much longer time analysis in comparison to Photobac-
terium sp. strain MIE that required less than 15 min of 
analysis.

Principal Component Analysis (PCA) and Approximation 
Hierarchical Cluster analysis (AHC) were carried out via 
self-programmed XLSTAT Microsoft Excel add-on software 
(Trial Version) using experimented IC50 data of ionic Hg, 
Ag, Cu, Ni, Zn and Cr and various IC50 data collected from 
the literature (Palácio et al. 2016). Principal Component 
Analysis (PCA) was run with the IC50 data of each inhib-
ited heavy metals to correlate the sensitivity of strain MIE 
with previously reported bioassay (Bihari et al. 2006). Based 
on PCA (Fig. 3), the sensitivity of strain MIE seemed to be 
associated with V. fischeri, Microtox™ as both bioassays 
are far from the center and close to each other indicating 
that they are significantly positively correlated. Otherwise, 
Vibrio fischeri, Deltatox™, Daphnia magna and Rainbow 
trout are grouped together on the opposite side of the center; 
then they are significantly negatively correlated to strain 
MIE and V. fischeri, Microtox™ (Schüürmann et al. 1997).

Moreover, Approximation Hierarchical Cluster (AHC) 
analysis of inhibition profiles was carried out, revealing a 
comparable potential of the strain MIE to the V. fischeri, 
Microtox™ (Fig. 4) by grouping both bioassays in one group 
similar to the result acquired from Principal Component 
Analysis (PCA) (Sabullah et al. 2015). AHC is among the 
recognizable approach, which usually presents intuitive simi-
larity relationships among any kind of test sample as well as, 
the overall experimental dataset, and is commonly specified 
simply by a tree diagram or dendrogram that gives a brief 
summary of the clustering process, demonstrating an illus-
tration of the proximity and their group (Jarque et al. 2016). 
Both statistical results postulate a comparable capability of 
strain MIE to the gold standard Microtox™ approach, and 

Table 1   The summary of IC50 
studies

Metals Regression model R2 IC50-min 15 (PPM) LOD LOQ

Mercury One phase binding 0.961 0.053 ± 0.011 0.003 0.004
Copper One phase binding 0.973 0.86 ± 0.238 0.07 0.387
Silver One phase binding 0.940 0.17 ± 0.037 0.03 0.084
Chromium One phase binding 0.981 26.02 ± 6.31 3.192 11.81
Nickel One phase binding 0.963 12.32 ± 2.28 3.029 7.55
Zinc One phase binding 0.943 18.72 ± 8.79 4.416 12.51
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Fig. 2   Regression Curve of inhibited metals as analyzed using Graph Pad Prism 5.0.0
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thereby, strain MIE is suitable to be implemented as a quick 

Table 2   The summary of the 
IC50 values of different bioassay 
of selected metals

n.d. not detected, N/A not available
a Hong et al. (2010)
b In (2003)
c Khangarot and Ray (1987)

Metals Photobac-
terium sp. 
strain MIE

Vibrio fischeria
Microtox™

Vibrio fischerib
Deltatox™

Daphnia magnac Rainbow troutc

IC50-min 
15 (PPM)

IC50-min 15 (PPM) IC50-min 15 (PPM) EC50- 24 h (PPM) LC50-96 h (PPM)

Mercury 0.053 0.065 0.0503 0.0052 0.033
Copper 0.85 8 0.669 0.01 0.029
Silver 0.17 N/A N/A 0.093 0.253
Chromium 26.02 500 40.27 1.79 11.2
Nickel 12.41 3.64 94.120 7.59 35.5
Zinc 18.72 17.00 0.625 0.56 0.55

Table 3   Relative sensitivity of 
Photobacterium sp. strain MIE 
to other bioassays

N/A not available

Metals Vibrio fischeria
Microtox™

Vibrio fischerib
Deltatox™

Daphnia magnac Rainbow troutc

Mercury 0.815384615 1.053677932 10.19230769 1.606060606
Copper 0.10625 1.270553064 85 29.31034483
Silver N/A N/A 1.827956989 0.671936759
Chromium 0.05204 0.646138565 14.53631285 2.323214286
Nickel 3.409340659 0.131852954 1.635046113 0.349577465
Zinc 1.101176471 29.952 33.42857143 34.03636364

Fig. 3   Principal Component 
Analysis of inhibition profiles
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tool to pinpoint heavy metal pollution.

3.3 � Field trials

In this analysis, water samples had been gathered from dif-
ferent locations in Malaysia such as the Prai Industrial estate, 
Juru River, Perak River and from a pristine area in the Endau 
Rompin National Park in the state of Johor. The collected 
samples were analyzed using the developed bioassay for 
determining the capability of strain MIE as biomonitoring 
agent for heavy metals. The positive samples showing inhib-
itory effect were then validated using ICP–OES to deter-
mine the existing toxicants in the water samples. Figure 5 
reveals the toxicity screening result of water samples from 
Prai Industrial Estate. From ten water samples examined, 
just three gave positive toxic response against luminescent 
activities. Water samples no. 1, 8 and 10 demonstrated lumi-
nescence activity reduction to 2.603, 72.01, and 77.26%, 
respectively, as compared to the control that giving 100% 

luminescent activities. The conventional analysis of positive 
water samples using ICP–OES pointed out the existence of 
several toxic heavy metals in those water samples as shown 
in Table 4. The Juru River located in Penang is amongst the 
contaminated river in Malaysia. This river is bounded by 
several industrial outlets such as the Prai Industrial Estate 
and Bukit Tengah Industrial Estate. The Juru River turns 
into an accumulation point of wastes coming from these 
industrial outlets that contribute to the water pollution of this 
river (Shukor et al. 2006). In this study, ten water samples 
were collected from different points along the Juru River. 
Out of the ten samples, only samples no. 5, 9 and 10 show 
any significant inhibitory effect (Fig. 6). The validation test 
results (Table 5) unveiled that the water samples contained 
excessive concentrations of copper and zinc exceeding the 
permissible limits allowed by the Department of Environ-
ment (DOE) in Malaysia. Previous biomonitoring by Shukor 
et al. (2006, 2008, 2009) also demonstrated that this river 
was polluted with these toxic heavy metals.

Ten water samples were collected from the Perak River 
for this bioassay study. Figure 7 shows that the bioas-
say registered no toxicity and this was validated by ICP 
analysis for heavy metals with zero to very low levels of 
heavy metals detected (Table 6). The Endau Rompin River 
was chosen as a negative control for the field trial stud-
ies because this river has been gazetted as Class 1 by the 
Malaysia Department of Environment (DOE, 2007). Four 
different water samples were collected from this area. As 
expected, the results show that there was no inhibition 
to luminescence production (Fig. 8). The validation test 
(Table 7) results also indicate that these samples did not 
contain other dangerous toxicants. Validation using ICP 
was chosen whenever a sample showed negative or posi-
tive results instead of GC–MS or HPLC for detection of 
xenobiotics other than heavy metals. This is because DOE 
has reported that the major toxicants detected in Malaysian 
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Fig. 4   Agglomerative hierarchical clustering analyses of inhibition 
profiles

Fig. 5   The inhibitory effect 
of the water samples obtained 
from Prai Industrial Area on 
luminescence produced by Pho-
tobacterium sp. strain MIE. The 
bacterium was incubated with 
water samples from Prai Indus-
trial for 15 min as described in 
Sect. 2.10. All values represent 
mean ± standard error mean 
(SEM), (n = 3)

0

20

40

60

80

100

120

Lu
m

in
es

ce
nc

e 
(%

)

Samples



597Rendiconti Lincei. Scienze Fisiche e Naturali (2019) 30:589–601	

1 3

rivers are chiefly heavy metals (DOE, 2007). Only when 
heavy metal analysis shows a negative result for heavy 
metals, but samples are positive for toxicity according to 
luminescence assay that further validation using GC–MS 
or HPLC is carried out. A similar approach is also seen in 
a number of monitoring projects globally. The Microtox 
system was used to monitor a river near an industrial site 
in Spain, and the chief pollutant is heavy metals with mer-
cury, lead and zinc being the major heavy metals detected 
(Roig et al. 2011). Aside from river samples, sediment 
samples could also be assessed for heavy metals using the 
Microtox system. Sediments from ports in Mexico (Gon-
zalez-Lozano et al. 2010) and Hong Kong (Kwok et al. 
2010) showed contamination by heavy metals exceeding 
the accepted standards using the Microtox system.

4 � Conclusion

In conclusion, statistical analysis using Principal Com-
ponent Analysis (PCA) and Approximation Hierarchical 
Cluster analysis (AHC) revealed that the sensitivity of 
Photobacterium sp. strain MIE to several toxic heavy met-
als was comparable to V. fischeri, Microtox™. The strain 
MIE is also temperature stable so it is possible to employ 
the bioassay at ambient temperature covering tropical 
countries. In the future, a large-scale near-real-time bio-
monitoring of heavy metals employing strain MIE coupled 
with conventional methods such as ICP, AAS will be car-
ried to investigate the efficiencies of the bioassay before 
available as a commercial bioassay.

Table 4   Table of percentage luminescence (%) of Photobacterium sp. 
strain MIE and the concentration of toxicants contained in each Prai 
Industrial Area water samples

All values represent mean ± standard error mean (SEM), (n = 3)

Prai Industrial 
Area samples

GPS Percentage 
luminescence 
(%)

Validation of 
toxicants in samples 
(mg/L)

Sample 1 N 05°21.599
E 100°24.282

2.60 Cu = 21.05, 
Zn = 33.00

Sample 2 N 05°21.244
E 100°24.178

101.97 n.d.

Sample 3 N 05°21.162
E 100°24.006

96.22 n.d.

Sample 4 N 05°21.205
E 100°23.457

91.30 n.d.

Sample 5 N 05°21.068
E 100°23.864

100.94 n.d.

Sample 6 N 05°21.111
E 100°23.780

99.92 n.d.

Sample 7 N 05°21.106
E 100°23.779

103.84 n.d.

Sample 8 N 05°21.962
E 100°23.819

72.01 Cu = 0.67, Zn = 12.00

Sample 9 N 05°20.954
E 100°25.164

98.63 n.d.

Sample 10 N 05°21.828
E 100°24.839

77.26 Cu = 0.5

Fig. 6   The inhibitory effects of 
water samples obtained from 
Juru River on luminescence 
produced by Photobacterium sp. 
strain MIE. The bacterium was 
incubated with water samples 
for 15 min as described in 
Sect. 2.10. All values represent 
mean ± standard error mean 
(SEM), (n = 3)
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Table 5   Table of percentage luminescence (%) of Photobacterium sp. 
strain MIE and the concentration of toxicants contained in each Juru 
river water samples

All values represent mean ± standard error mean (SEM), (n = 3)
n.d. not detected

Juru river sam-
ples

GPS Percentage 
luminescence 
(%)

Validation of 
toxicant in sam-
ples (mg/L)

Sample 1 N 05°19.772
E 100°26.095

89.33 n.d.

Sample 2 N 05°19.781
E 100°25.911

97.45 n.d.

Sample 3 N 05°20.105
E 100°26.006

96.86 n.d.

Sample 4 N 05°20.021
E 100°25.914

95.61 n.d.

Sample 5 N 05°20.175
E 100°25.524

70.80 Cu = 0.5, 
Zn = 17.78

Sample 6 N 05°20.915
E 100°25.242

96.90 n.d.

Sample 7 N 05°21.375
E 100°24.721

96.74 n.d.

Sample 8 N 05°21.201
E 100°24.739

92.33 n.d.

Sample 9 N 05°20.946
E 100°24.745

63.38 Cu = 0.5, 
Zn = 30.21

Sample 10 N 05°20.848
E 100°25.705

49.30 Cu = 0.4, 
Zn = 78.33

Fig. 7   The inhibitory effects 
of the samples obtained from 
Perak River on luminescence 
produced by Photobacterium sp. 
strain MIE. The bacterium was 
incubated with water samples 
from Perak River for 15 min as 
described in Sect. 2.10. All val-
ues represent mean ± standard 
error mean (SEM), (n = 3)
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Table 6   Percentage luminescence (%) of Photobacterium sp. strain 
MIE and the concentration of toxicants contained in each Perak River 
water samples

All values represent mean ± standard error mean (SEM), (n = 3)
n.d. not detected

Perak river 
samples

GPS Percentage 
luminescence 
(%)

Validation of 
toxicant in sam-
ples (mg/L)

Sample 1 N 04°30.516
E 100°55.654

100.77 n.d.

Sample 2 N 04°30.609
E 100°55.627

98.34 n.d.

Sample 3 N 04°30.685
E 100°55.583

98.64 n.d.

Sample 4 N 04°30.804
E 100°55.555

100.00 n.d.

Sample 5 N 04°30.901
E 100°55.569

99.34 n.d.

Sample 6 N 04°30.970
E 100°55.586

101.02 n.d.

Sample 7 N 04°31.077
E 100°55.637

98.69 n.d.

Sample 8 N 04°31.179
E 100°55.722

101.29 n.d.

Sample 9 N 04°31.179
E 100°55.722

101.19 n.d.

Sample 10 N 04°31.213
E 100°55.923

102.04 n.d.

Fig. 8   The inhibitory effects 
of the samples obtained from 
Endau Rompin River on 
luminescence produced by 
Photobacterium sp. strain MIE. 
The bacterium was incubated 
with samples from Endau 
Rompin waterfall for 15 min as 
described in Sect. 2.10. All val-
ues represent mean ± standard 
error mean (SEM), (n = 3)
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