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Abstract

A preliminary morphological screening and isolation of bacterial colony from latex industrial wastewater was carried out. Bacteria
colonies from latex processing wastewater were isolated from a local latex processing industry. It was found that 17 bacterial isolates had
been purified grown on nutrient agar under 35 oC. The colonies were then purified and morphologically indicated via Gram staining and
motility test. After morphological observation, it was identified that out of 17 isolates, 9 isolates were Gram positive and 8 isolates were
Gram negative. There are 11 out of 17 colonies were rod-shaped bacterial colonies, while the other 6 colonies were cocci-shaped bacteria.
There were 11 colonies of gliding bacteria, three colonies were non-motile bacteria and the other three colonies were flagellated bacte-
ria. This study investigates the potential occurrence of viable growth in treated latex processing wastewater. The bacterial colonies were
classified base on their morphological properties shown. This study has classified several genera such as Staphylococcus, Escherichia,
Thiobacillus, Arthrobacter and other Genus. The growth curve of 17 isolates studied and the chemical oxygen demand were determined.
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1 Introduction
Malaysia is among the largest rubber producer in the world af-

ter Thailand, Indonesia, Vietnam, India and China. In South-east
Asia, about 70 to 80% of produced raw rubber in the world sup-
ply comes mainly from Thailand, Malaysia and Indonesia (Ander-
sen et al., 2005, Mohammadi et al., 2010). Latex industry produces
a massive amount of wastewater daily, mainly coming from the
manufacturing process. Latex processing wastewater (LPW) con-
tains high level of Chemical Oxygen Demand (COD), Biological
Oxygen Demand (BOD), solids, nitrate and heavy metal which af-
fects the water quality. Illegal discharge of untreated wastewater
into the rivers and streams cause various environmental pollution
issues. Previously, latex processing industry produced 20 tons of
latex and 410000 liters of effluent per day in average (Mohammadi
et al., 2010). In natural rubber processing plants, a ton of Standard
Malaysian Rubber Block produced with 20.5 m3 effluents which
containing 21.3 kg of BOD (Sharib and Halog, 2017). Latex process-
ing effluent generally included wastewater, small amounts of un-
coagulated latex, carbohydrates, carotenoids and serum (Moham-
madi et al., 2010) which contain large quantities of protein, sugar,
organic and inorganic salt.

* Corresponding Author.
Email Address : farrahaini@unimap.edu.my
https://doi.org/10.33086/etm.v1i2.2263
Received from 18 August 2021;
Received in revised from 30 August 2021;
Accepted 30 August 2021;
Available online 31 August 2021;

In terms of inorganics, sulfuric acid utilized in coagulation pro-
cess of skim latex produce high concentration of sulphate in and
later discharged as effluent. The sulphate then will produce hy-
drogen sulphate (H2S), during biological anaerobic treatment pro-
cess. Zinc oxide are used in the vulcanization latex. As a result,
it will produce high concentration of zinc in the effluent. Long
term exposure of zinc will cause nausea and anaemia. Genetic
of aquatic life also will be affected and changed due to the un-
known chemicals. Therefore, untreated latex wastewater is not al-
lowed discharge to rivers and streams. Therefore, implementation
of proper wastewater management whether biologically or chem-
ically treated is required in order to minimize the pollution and
future environmental arising issues (Fakhri et al., 2021, Hena et al.,
2021, Liu et al., 2021, Song and Liu, 2021, Sorinolu et al., 2021, Yoo et
al., 2020, Zhang et al., 2020).

Wastewater treatment using biological processes is widely
used in rubber industries in Malaysia. Pond technology is the most
common method being used. Although pond technology can re-
move 95% of biological oxygen demand (BOD) from LPW ineffec-
tive design and optimum operation, pond technology needed a
large area, requires high operating cost and long hydraulic reten-
tion time (90 – 120 days) (Ibrahim et al., 1980). Electrochemical
method also had been introduced in Malaysia to treat the rubber
wastewater. But this method is not successful due to the concomi-
tant energy utilization.

Previously, Atagana et al. (1999) found that effluents from la-
tex processing support microbial growth. The concentrated la-
tex wastewater was identified. The efficiency for organic removal
by isolated bacterial was evaluated. Another study showed that,
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after 40 hours of cultivation, 34% of chemical oxygen demand
(COD) was removed by Rubrivivax gelatinosus and Thiobacillus
sp. (Mohammadi et al., 2010). The purple non-sulphur photosyn-
thetic bacteria (PNSB) isolated from rubber sheet wastewater in
Thailand can reduce the chemical oxygen demand and biological
oxygen demand of wastewater to 90% under suitable conditions.
Therefore, this study aims to investigate the potential occurrence
of viable growth in treated LPW via morphological properties clas-
sification base on basic microbiological approach. The effective-
ness of a biological wastewater treatment is highly dependent on
the viable microorganism community as wastewater nutrient re-
moval involves dynamic and complex biochemical metabolisms
either under aerobic or anaerobic conditions.

2 Materials and methods
2.1 Description of real-rubber wastewater

treatment plant
Rubber wastewater processing involves various stages which

comprises of physical, chemical and biological treatment.
Wastewater samples were collected at the equalization tank,
chemical treatment process and lastly in final discharge. The
wastewater was characterized for physicochemical properties.

2.2 Sample preparation
Samples of wastewater were collected specifically from acti-

vated sludge from latex processing effluent. Sample were collected
using sterile screw-capped bottle. Sample was stored at a temper-
ature of 4 oC prior to further analysis.

2.3 Inoculation and purification
The entire samples were serially diluted to 10-10 prior inocu-

lation. Isolation and purification of bacterial cultures were per-
formed following microbiological standard procedure by using
nutrient agar and 0.85% sodium chloride. Pure cultures were then
stored in nutrient agar plate and store at refrigerant at 4 oC until
needed.

2.4 Motility
A drop of ultrapure water was placed on the centre of the slide.

A single isolated colony was taken up from nutrient agar surface
then transferred into the water drop and spread by sterilized wire
loop. A slide was covered on the drop of water and the motility of
bacteria was identified under microscope.

2.5 Fixed smear preparation
A drop of ultrapure water was placed on the centre of the slide. A

single isolated colony was taken up from nutrient agar surface then
transferred into the water drop and spread the emulsion evenly on
the surface of the glass slide to give a relatively thin and smooth
layer by sterilized wire loop. The slide was quickly passed through
flame of Bunsen burner three times.

2.6 Gram staining
A slide with fixed smear flooded with several drops of crystal vi-

olet for 20 seconds, the slide then washed with water to remove ex-
cess crystal violet. Gram’s iodine was added to cover the smear for
30 seconds. Poured off the iodine and washed through with ace-
tone. De-colorization has occurred when the solvent flows colour-
lessly from the slide. Acetone then was wash gently with running
water tap water. Safranin then covered the smear for 30 seconds.

The safranin then was gently washed for a few seconds; the smear
then was blotted and dried at room temperature. Fixed slides then
were examined under microscope.

2.7 Bacterial colony classification
Preliminary study of isolates was done by using standard bio-

chemical tests including Gram staining to observe the bacterial
morphology properties and motility test for motility behaviour. All
the results were then carried out with references to Bergey’s Man-
ual of Systematic Bacteriology for classification. Morphology char-
acteristics were based on the characteristic features of bacterial
growth in culture. Whole colony, pigmentation, margin and ele-
vation of colony of the bacteria were examined after 24 hours in-
cubated on nutrient agar.

2.8 Analytical Analysis
The wastewater collected were characterized in terms of tem-

perature, dissolved oxygen (DO), Total suspended solids (TSS),
Biological Oxygen Demand (BOD), Chemical Oxygen Demand
(COD), heavy metal, ammonia nitrogen, pH, and turbidity accord-
ing to the standard methods (APHA, 2005). The temperature is
measured by using APHA method and turbidity is measured by us-
ing the 2100 N turbid meter. While total suspended solid is mea-
sured by using HACH method 8006. For the dissolved oxygen, the
reading is measured by using YSI model 5000 (S/N: 08F 101429).
While the concentrations of heavy metal and ammonia nitrogen
was measured using HACH method.

3 Result and discussion
3.1 Isolation and identification of bacteria

Biological treatment commonly may not be suitable for rubber
wastewater treatment. Often, coagulation and flocculation are ap-
plied for rubber wastewater treatment. However, this study shows
that certain bacteria are able to grow aerobically in treated rubber
wastewater indicates their tolerance to rubber wastewater. Seven-
teen bacterial strains were isolated from collected effluent sample.
Out of the 17 isolates purified, 9 were Gram positive and another 8
were Gram negative. Results of microscopic observation and Gram
staining were summarized in Table 1.

Collectively, a mixture of certain genus in consortium are ef-
fective in nutrient removal significantly in ammonium and phos-
phate (Pillai and Girish, 2014). Purple nonsulfur bacteria have
shown significant roles in H2S elimination in rubber wastewater
(Kornochalert et al., 2014). It was found that certain major genera
are significant to rubber processing wastewater. Sulfate-reducing
bacteria possessed high growth rate in rubber processing wastew-
ater (Tanikawa et al., 2016). Promnuan et al. (2020) investigated the
potential of Desulfovibrio sp., Desulfitibacter sp., Dethiosulfatibac-
ter sp., and Clostridium sp. in biohythane production and sulfate
removal under anaerobic condition. Clostridium sp., Citrobacter
sp., Klebsiella sp., and Enterobacter sp.were found possessed op-
timum growth and capable of producing biohydrogen in rubber
latex processing wastewater (Nguyen et al., 2018). Some genera
have shown outstanding removal rate of pollutants. Tanikawa et al.
(2019) have discovered key microbes for nitrogen removal in rub-
ber wastewater degradation with highest occurrence of rubber-
degrading bacterium Gordonia sp. with 28.6% dominance rate.
These bacteria were found to achieve high removal efficiency
of residual rubber by both coagulation and biological degrada-
tion (Tanikawa et al., 2020). Pseudomonas sp. is known as in-
digenous bacteria in rubber wastewater. Recently, Pseudomonas
sp. and Stenotrophomonas sp. demonstrated ability to degrade
hazardous chemical compound such as 2-mercaptobenzothiazole
(MBT) (Krainara et al., 2020).
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Table 1 Summary of morphological characteristics and presumed genus

No Colony pigmenta-
tion, form, margin,
and elevation

Bacteria shape,
arrangements,
motility and Gram
stained

Expected genus

Gram-positive cultures

1 Cream, Circular En-
tire, Flat

Rod, Coccobacil-
lus, Gliding, Gram
Positive

ND

2 Cream, Circular En-
tire, Raised

Coccus, Clusters
Nonmotile, Gram
Positive

Aerococcus, Gemella, Micrococcus, Pediococcus,
Saccharococcus, Staphylcoccus, Stomatococcus,
Propionibacterium

3 White, Circular En-
tire, Flat

Coccus, Chains Nonmotile, Gram Positive Aerococcus, Brachybac-
terium, Brevibacterium, Caseobacter, Lactococ-
cus, Leuconostoc, Melissococcus, Saccharococcus,
Streptococcus, Trichococcus

4 Cream, Circular En-
tire, Raised

Coccus, Pairs Non-
motile, Gram Posi-
tive

Agromyces, Aerococcus, Enterococcus, Gemella,
Lactococcus, Leuconostoc, Micrococcus, Pediococ-
cus, Staphylococcus, Stomatococcus, Streptococ-
cus, Trichococcus, Propionibacterium

5 Cream, Circular En-
tire, Pulvinate

Rod, Pairs Flagella,
Gram Positive

Arthrobacter, Amphibicillus, Bacillus, Clostrid-
ium, Caryophanon,Eubacterium, Sporalac-
tobacillus, Kurthia, Lactobacillus, Listeria,
Microbacterium, Rarobacter

6 White, Circular En-
tire, Convex

Coccus, Clusters
Flagella, Gram
Positive

Enterococcus, Kurthia, Listeria, Jonesia,
Marinococcus, Planococcus, Pimelobacter, Vago-
coccus

7 White, Circular Erose, Raised Rod,
Pairs Gliding, Gram
Positive

Actinomycetes, Eubacterium, Flexibacter

8 White, Concentric
Undulate, Crateri-
form

Rod, Chains Gliding,
Gram Negative

Beggiatoa, Cedecea, Sporocy-
tophaga,Thiobacillus, Thiothrix

9 White, Circular Irregular, Raised
Rod, Chains Gliding,
Gram Negative

Beggiatoa, Cedecea, Thiobacillus, Sporocytophaga,
Thiothrix

Gram-negative cultures

1 Cream, Circular En-
tire, Convex

Rod, Chains, Gliding,
Gram Negative

Beggiatoa, Capnocytophaga, Cedecea,
Chitinophaga; Cytophaga, Flexibacter, Desul-
fotomaculum, Lysobacter, Sporocytophaga,
Thiothrix, Thiobacillus

2 Orange, Circular En-
tire, Raised

Coccus, Chains Glid-
ing, Gram Negative
Agitococcus

3 Blue – Green, Circu-
lar Lobate, Flat

Coccus, Clusters
Gliding, Gram Nega-
tive

Achromatium, Metallogenium , Thiosphaera, Vit-
reoscilla

4 Yellow, Circular En-
tire, Convex

Rod, Pair Gliding,
Gram Negative

Beggiatoa, Capnocytophaga, Cedecea , Cytophaga,
Herpetosiphon, Microscilla, Sphingobacterium,
Sporocytophaga, Thiobacillus, Thiothrix

5 Cream, Puniform
Erosa, Hilly

Rod, Clusters Glid-
ing, Gram Negative

Beggiatoa, Cedecea, Flexibacter, Lysobacter,
Thiobacillus, Thiothrix, Sporocytophaga

6 Cream, Circular En-
tire, Convex

Rod, Pairs Flagella,
Gram Negative

Acidiphilium, Budvicia, Cedecea, Buttiauxella,
Citrobacter, Serratia, Edwardsiella, Enterobacter,
Erwinia, Escherichia, Ewingella, Leclercia, En-
terobacteriaceae, Hafnia, Kluyvera, Morganella
Pantoea, Nitrosomonas Protues, Providencia,
Salmonella, Xenorhabdus, Yokenella, Oscillospira,
Thermothrix, Thiobacillus, Thermothrix

7 Yellow, Circular En-
tire, Raised

Rod, Chains Gliding,
Gram Negative

Beggiatoa, Cedecea, Capnocytophaga, Cytophaga,
Chitinophaga, Desulfotomaculum, Flexibacter,
Herpetosiphon, Microscilla, Sporocytophaga,
Thiobacillus, Thiothrix

8 White, Circular En-
tire, Convex

Rod, Chains Gliding,
Gram Negative

Beggiatoa, Thiothrix, Thiobacillus, Sporocy-
tophaga

34



Table 2 Results of characterization of wastewater from rubber processing system

Parameters Units Rubber wastewater processes/ concentrations
Equalization Chemical treated water Final discharge

pH - 7.6 6.7 6.0
Temperature oC 33.4 32.8 31.8
Dissolved Oxygen (DO) mg/L 6.74 0.14 8.32
Turbidity NTU 399 8.54 7.07
Total Suspended Solid mg/L 327 17 4
Biological Oxygen Demand (BOD) mg/L 583 15.24 8.06
Chemical Oxygen Demand (COD) mg/L 577 230 18
Ammonia Nitrogen mg/L 6.2 5.7 22.2
Zinc mg/L 1.5 0.26 1.84
Manganese mg/L 0.48 0.079 0.16
Iron mg/L 2.93 0.482 0.473
Nickel mg/L 0.08 0.019 0.007

Figure 1 The real-rubber wastewater treatment processes

Rubber wastewater is readily complex with the presence of var-
ious chemical compounds used in the processing line. The abil-
ity of microorganisms to grow and treat the wastewater is utmost
important to ensure minimal environmental impact of the treated
wastewater discharged. Recent evidence suggests that there are
significant roles of indigenous microorganism in rubber wastewa-
ter treatment. Factors found to be influencing their growth, abun-
dance and biodegradability of nutrients and specific compounds
in rubber wastewater also have been explored in several studies.

This indicates a need to understand the various perceptions of mi-
crobial contributions particularly in rubber wastewater. The stud-
ies presented thus far provide evidence that there is vast poten-
tial in exploration of the biodiversity of microorganisms in rubber
wastewater further in depth and to understand their biochemical
mechanisms in biodegradation.
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3.2 Real-wastewater characteristics
The physicochemical characteristics of collected rubber

wastewater were determined. The results are shown in Table 2.
The results showed the performance of the rubber wastewater
treatment processes according to the real-treatment plants set-
up. The variation of the wastewater characteristics exhibits the
processes occurred in plants subsequent to the manufacturing
production segments which involves orderly processes as shown
in Figure 1. At site, the pH was optimized throughout the pro-
cesses to maintain the treatment requirement. Temperature were
not controlled by the operator as the plant were let operated at
ambient temperature. The DO started steadily at 6.74, declined to
0.14 and raised to 8.32 mg/L respectively. Similarly, the BOD and
COD were also reduced significantly to from 583 and 577 mg/L to
8.06 and 18 mg/L. The biomass showed reduction and it is indi-
cated by the turbidity where it was reduced significantly from 399
to 7.07 NTU. Heavy metals i.e zinc, manganese, iron and nickel
were analysed accordingly.

4 Conclusions
Seventeen isolates were successfully isolated from rubber-

based wastewater and their morphological properties were de-
termined. Nine Gram-positive cultures and 8 Gram-negative cul-
tures were isolated. The number of isolated cultures accounted
53% of Gram-positive and 47% of Gram-negative cultures. Mor-
phological observation allows rapid determination of bacteria in
rubber wastewater to indicate viable cell growth. Based on these
preliminary results, it can be concluded that some microorgan-
isms always existed in the activated sludge collected from rubber
wastewater. This concludes that rubber wastewater consists of
high microbial diversity. However, the microbial abundance and
bacterial identification shall be further validated using molecular
technique.
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