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ABSTRACT

In the present study to evaluate ballast water impacts on coastal areas, samples were taken from
commercial ships entering Bushehr port along the Persian Gulf. Standard methods were used for
analyses of total and fecal coliforms, Pseudomonas, heterotrophic plate count (HPC), alkalinity, and
hardness. Other parameters such as TOC, salinity, EC and TDS were also determined. The levels of
TDS, EC, alkalinity, total hardness, salinity and TOC ranged from 3790-14510 mg/L, 5690-21760 uS/
cm, 104-191 mg/L CaCO,, 1160-8940 mg/L CaCO,, 33.2-44.98 g/L and 1.9-5.7 mg/L respectively.
Twenty-four, thirteen and four samples from 34 collected samples were positive in the case of total
coliforms, fecal coliforms and E. coli respectively. All samples contained Pseudomonas aeruginosa and
HPC. Our results showed that ballast water has the potential to change bacteria communities and
also can be pathogenic for humans and coral reefs where ships discharge their ballast water.
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1. Introduction

The international maritime industry transports approxi-
mately 90% of the world’s commodities [1]. One of inadver-
tent subsequences of this traffic is the transport and delivery
of organisms from one place to another via ballast water,
which is carried by ships to control draft, constancy and
trim [2,3]. Propagation of invasive species in new environ-
ments through the ballast water discharges of commercial
sea traffic is a main concern of the International Maritime
Organization [4,5]. Recently, in spite of progress in the
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understanding of ballast water-mediated transfer and inva-
sion for marine species, micro-organisms have been largely
ignored in ballast water research. This problem caused
the first IMO invention to appoint resolution A.774 (18) in
1993, following A.868 (20) in 1997, in which it recommends
ships to accomplish ballast water exchange in open Ocean
[6]. In 2004, the international convention for the control
and management of ships ballast water was adopted, with
the aim of providing guidelines for ballast water manage-
ment [7]. Among aquatic organisms, bacteria are the most
widespread [8]. Due to their reproductive potency, and
persistence, these micro-organisms actively invade coastal
ecosystems [9]. Many researchers [10-14] have pointed
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out a high durability rate of pathogenic and opportunistic
pathogenic bacteria such as Enterococci, Salmonella spp., E.
coli, Mycobacterium spp, Clostridium perfingens, Pseudomonas
aeruginosa, Pseudomonas putrefaciens, Vibrio algynolyticus, Vib-
rio cholerae, and Vibrio spp in the samples of ballast water.
The main aims of this study were to determine the microbial
quality including total and fecal coliforms, Pseudomonas aeru-
ginosa, and heterotrophic plate count (HPC) bacteria as well
as physicochemical quality of ballast water in commercial
ships entering Bushehr port, along the Persian Gulf.

2. Material and methods

Ballast water samples were collected from commercial
ships entering Bushehr port, along the Persian Gulf from
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34 ports around the world (see Fig. 1) between 15 Febru-
ary and 25 August 2016. Each sample was obtained directly
from the manhole of each tank, at a depth of 4 m. Samples
were placed in a nice box at 4°C, and transported to the lab-
oratory on the day of sampling.

2.1. Physicochemical parameters

The levels of alkalinity and total hardness were deter-
mined by standard methods [15]. The concentration lev-
els of TOC and salinity were determined by using TOC
analyzers (Shimadzu, TOC v-csh, Japan) and Salt meter
ES-421 respectively. Electrical conductivity (EC) and total
dissolved solids (TDS) were determined by using Portable
YK- 2001CT.
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Fig. 1. The geographical location of all ports from which their ships entered Bushehr port.
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2.2. Microbial parameters

All microbial indicator analyses including total coli-
forms, fecal coliforms, Pseudomonas aeruginosa, E.coli as well
as HPC bacteria were done according to standard meth-
ods [15]. Lactose broth (Merck, Germany), Brilliant Green-
broth (Merck, Germany) and EC broth (Merck, Germany)
were employed to determine the most probable number
(MPN/100 ml) of total coliforms and fecal coliforms. Aspar-
agine broth (Biomark, India) and Acetamide broth (Micro
master, India) were employed to determine the most proba-
ble number (MPN /100 ml) of Pseudomonas aeruginosa, using
a five-tube multiple-dilution technique. R2A agar (Merck,
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Germany) using the spread plate technique was used for
analyzing of the colony forming unit (CFU) per ml of HPC
bacteria, and a colony counter (Scan 100 France) was used
for colony enumeration. Additionally, MacConkey agar
(Merck, Germany) media and PCR techniques were used
for the isolation and identification of E. coli bacteria.

3. Result and discussion

The measured physicochemical parameters of bal-
last water samples in commercial ships are presented in
Table 1. TDS and EC analyses showed that the concentra-

Table 1

Physicochemical parameters of examined ballast water samples from different ports around the world (n = 34)
Location of harvesting ballast Stations ~ TDS Hardness Alkalinity Salinity =~ EC TOC
water (mg/L) (mg/LCaCO,) (mg/LCaCO, (g/L) (uS/cm)  (mg/L)
Dammam - Saudi Arabia S1 8927 5020 132 38.682 14170 2.5
Davao - Philippines S2 7685 4000 130 39.582 11546 3.5
Phuket — Thailand S3 11542 3880 128 35.282 16890 29
Dugm - Oman S4 5378 2800 136 419 7985 19
Jawaharlal Nehru Port — India S5 3790 3200 156 34.182 5690 3.1
Kuwait — Kuwait S6 12231 3480 124 40.58 16800 2
Jebel ali — Emirate S7 13180 4720 152 41.5 19290 2.6
Mumbai - India S8 6745 5760 116 43.98 10050 34
Shuhaikh — Kuwait S9 4980 2880 150 384 7865 24
Hamriyah — Emirate S10 9659 1680 128 404 14675 2.5
Kandla port —India Si1 7531 1160 134 41.38 12375 3.1
Ajman port — Emirate S12 4813 7680 140 40.38 6540 2.7
Mina rashid — Emirate S13 6135 8230 154 35.86 9087 3
Singapore — Singapore S14 10863 8940 164 39.3 15893 3.2
Port said — Egypt S15 13752 7430 149 39.6 19430 4
Antwerp — Belgium S16 11545 8045 153 37.58 17347 5.7
Muscat — Oman S17 13140 8590 161 34.28 19342 2.8
Portsmouth — UK S18 10170 7995 159 40..82 14350 49
Basra —Iraq S19 11090 3450 191 332 16105 32
Aden - Yemen 520 8170 6730 169 36.46 12150 2.8
Suez — Egypt S21 6520 8120 188 36.2 10670 3.5
Navlakhi — India S22 12050 6870 152 38.78 17705 4
Bangkonk — Thailand S23 14510 8795 175 39.5 21760 29
Sohar - Oman S24 10055 4390 162 37.68 15435 3
Shanghai — Chain S25 10730 8080 104 39.582 17540 3.1
Salalah — Oman S26 9740 7640 160 40.98 15910 2.7
Laemchabang — Thailand S27 8130 7490 156 36.81 13795 32
Hong kong — Chain 528 7435 8154 144 38.55 11780 32
Busan — Korea S29 10700 7400 168 41.38 16740 29
Shenzhen — Chain S30 9135 7840 144 36.882 14650 3.3
Kaohsiung — Taiwan 531 8130 7320 162 40.14 13450 2.8
Manila - Philippines S32 10700 7850 170 3798 15660 2.6
Jeddah — Saudi Arabia S33 8600 6700 165 38.74 12360 2
Nagoya — Japan S34 9950 7870 138 37.62 14510 29
Mean 93444 6182 1504 38.59 14104.3 3.04
Std. deviation 2653 2240.6 19.06 2.52 3812.45 091
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Fig. 2. Comparison of total coliform levels in the ballast water
samples with value of total coliform levels in coastal areas of
Bushehr port and WHO guideline for natural natatorium.
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Fig. 3. Comparison of fecal coliform levels in the ballast water
samples with value of fecal coliform level in coastal areas of
Bushehr port and WHO guideline for natural natatorium.
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Fig. 4. Comparison of Pseudomonas aeruginosa levels in the bal-
last water samples with value of Pseudomonas aeruginosa levels
in coastal areas of Bushehr port and WHO guideline for natural
natatorium.

tion levels of these parameters ranged from 3790-14510
mg/L and 5690-21760 pS/cm, respectively. The concen-
tration levels of alkalinity and total hardness ranged from
104 to 191 and 1160 to 8940 mg/L CaCO,, respectively.
The concentration levels of salinity and TOC in ballast
water samples ranged from 33.2 t0 44.98 g/L and 1.9 to 5.7
mg/L, respectively.

The results of microbial measurements of ballast water
samples are presented in Table 2. Twenty-four of all 34 bal-
last water samples (70.58%) contained total coliform bacte-
ria (ranging from 7 to 500 MPN /100 ml), and 13 samples
(38.2%) contained fecal coliform bacteria (ranging from 2 to
17 MPN/100 ml). Four samples (11.76%) of ballast water
samples were positive for E. coli. All of the 34 ballast water
samples contained Pseudomonas aeruginosa and HPC bacte-

10000
9000
8000

7000
6000

5000
4000
3000
2000 nso
1000

A \ ey O %
ea‘@va}aﬂ}@a@m}”e@ &

CFU/100ml

e

S PP LD P ILTPLIL SN PP P
Samples

Fig. 5. Comparison of HPC levels in the ballast water samples
with value of HPC levels in coastal areas of Bushehr port.

ria (ranging from 4 to 900 MPN /100 ml and 3100 to 8930
CFU/ml respectively).

In a previous study, Pereira et al. (2014) reported that
ships had discharged ballast water with high level of salin-
ity, E. coli and total coliforms into the Amazon River. Also
they reported that temperature was one of the main fac-
tors that affect surviving rates of microorganisms in ballast
water [16]. In another study, Buzoleva et al. (2012) reported
that ballast waters coming into Vladivostok from Japanese
ports were less polluted than from the Chinese ports, which
were characterized as dirty in summer [8]. In the Burk-
holder et al. (2007) study, at least one of the four pathogenic
bacteria including Listeria monocytogenes, E. coli, Mycobacte-
rium spp., Pseudomonas aeruginosa were detected in 48% of
the ballast tanks, but toxigenic strains of Vibrio cholera were
not detected in the ballast water samples [14].

The results showed that the ballast water discharged
into the coastal areas of Bushehr port contained bacteria that
have the potential to be pathogenic for humans and coastal
ecosystems. Results of this study indicated that microbial
parameters measured including total and fecal coliform bac-
teria were lower in the ballast water samples compared with
the levels of total and fecal coliforms discharge into coastal
waters of Bushehr port [17] as well as WHO guidelines
[18,19]. But in the case of Pseudomonas aeruginosa bacteria,
all of the ballast water samples contained higher levels of
Pseudomonas aeruginosa compared with the levels of Pseudo-
monas aeruginosa bacteria of coastal waters of Bushehr port
[17] and WHO guidelines [18,19]. Heterotrophic plate count
(HPC) bacteria levels were also higher in all of the ballast
water samples compared with levels of coastal waters of
Bushehr port [17] as well as WHO guidelines [18,19].

In Table 3 some previous reports on microbial levels in
different seas around the world are presented.

As shown in Table 2, the total and fecal coliform levels
in waters of the Caspian Sea were 235 and 60 MPN /100
ml [20]. Also, the total and fecal coliform levels in waters of
Black sea were 1151 and 168 CFU /100 ml [21]. The total and
fecal coliform levels in coastal areas of Bushehr port were
540 and 165.6 MPN /100 ml [20].

4. Conclusions

The results showed that the total coliform, fecal coliform,
Pseudomonas aeruginosa and HPC bacteria levels in ballast
water samples ranged from 0-500, 0-17, 4-900 MPN/100 ml
and 3100-8930 CFU/ml respectively. Also, four samples con-
tained E. coli. EC and TDS ranged from 569021760 pnS/cm and
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Table 2
Microbial parameters of examined ballast water samples from different ports around the world (1 = 34)

Location of harvesting ballast water Stations Total coliform  Fecal coliform  E.coli HPC Pseudomonas

(MPN/100 ml) (MPN/100 ml) (CFU/ml) aeruginosa

(MPN/100 ml)

Dammam - Saudi Arabia S1 0 0 - 3350 17
Davao - Philippines S2 7 0 - 3600 11
Phuket — Thailand S3 17 0 - 4720 280
Dugm - Oman S4 8 4 + 5900 350
Jawaharlal Nehru port — India S5 130 0 - 5140 21
Kuwait — Kuwait S6 9 2 + 3950 130
Jebel Ali — Emirate S7 130 0 - 3380 17
Mumbai — India S8 0 0 - 3850 17
Shuhaikh — Kuwait S9 50 0 - 3245 26
Hamriyah — Emirate S10 0 0 - 4430 30
Kandla port — India S11 300 1 - 3950 40
Ajman port — Emirate S12 0 0 - 7600 130
Mina Rashid — Emirate S13 130 7 - 4770 50
Singapore — Singapore S14 0 0 - 8890 900
Port said — Egypt S15 0 0 - 6440 350
Antwerp — Belgium S16 21 0 - 5990 280
Muscat - Oman S17 0 0 - 4780 170
Portsmouth — UK S18 300 4 - 6350 280
Basra - Iraq S19 170 9 - 7100 500
Aden - Yemen 520 80 4 - 5780 110
Suez — Egypt 521 240 0 - 4370 50
Navlakhi — India 522 21 0 - 3550 26
Bangkok — Thailand 523 0 0 - 6530 170
Sohar - Oman 524 500 17 - 3100 50
Shanghai — China 525 26 0 - 8930 70
Salalah - Oman 526 50 4 + 5600 60
LaemChabang — Thailand 527 0 0 - 4140 500
Hong Kong — China 528 50 0 - 5410 90
Busan — Korea 529 17 4 - 4870 17
Shenzhen - China S30 26 7 - 5990 17
Kaohsiung — Taiwan 531 14 7 - 6170 110
Manila - Philippines 532 17 4 + 8240 50
Jeddah — Saudi Arabia S33 17 0 - 4710 60
Nagoya — Japan 534 0 0 - 5120 170
Mean 68.52 247 - 5292.5 151.44
Std. deviation 111.83 3.95 - 1555.36 187.18
WHO guidelines for natural natatorium 500 100 100 - 0
Value of microbial level incoastal waters of 540° 165.56° 1580° 6
Bushehr port

Noroozi, et al. 2015

Table 3

Microbial contents of seawater in some previous studies
Sampling points Total coliforms Fecal coliforms References
Caspian Sea 235 (MPN/100 ml) 60 (MPN/100 ml) [20]
Black Sea 1151 (CFU/100 ml) 168 (CFU/100 ml) [21]
Caspian Sea 10-2700 (CFU/100 ml) 4-200 (CFU/100 ml) [22]
Northern Lebanese coast 537 (CFU/100 ml) 237 (CFU/100 ml) [23]

Persian Gulf- Bushehr port 540 (MPN/100 ml) 165.6 (MPN/100 ml) [20]
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3790-14510 mg /1 respectively. The levels of alkalinity and total
hardness ranged from 104 t0191 and 1160 to 8940 mg/L CaCO,
respectively. Also, the concentration levels of salinity and TOC
in ballast water samples ranged from 33.2 to 44.98 g/L and
19 to 5.7 mg/L respectively. Ballast waters discharged to
coastal areas of Bushehr port contained bacteria that have the
potential to be toxic for humans and coastal ecosystems. Bal-
last water has the potential to change bacteria communities in
marine environments and can be pathogenic for humans and
coral reefs where ships discharge their ballast water. Therefore
authorities need to develop more efficient procedures to eval-
uate ballast water reporting forms and ballast water quality, as
there is potential risk of future invasions for Bushehr coastal
ecosystems. Also, more research is needed to characterize the
changes that nonindigenous microorganisms including poten-
tial pathogens, may cause in receiving waters.
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