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ABSTRACT Seventy five samples of bottled water belong to fifteen local and imported brands were collected from gro-
cery shops within Baghdad city from March to June 2012, two variables were investigated, the first one was 

microbial population diversity represented by fecal coliform, aerobic bacteria and fungi. 10 samples of 75 showed positive 
results, in failure rate reached to 13.3 %, the highest TVC have been recorded in sample number 3 were 4.6. Fecal coliform 
showed negative growth in all samples. The second aim of this study was to determine the possible toxicological effects of 
chemicals released into water packaged in polyethylene terephthalate (PET) bottles by using peripheral blood lymphocytes 
PBL as a biological system. From the results the mitotic index (MI) and blastogenic index (BI) showed significant reduction 
(p≤0.05) when increased the period and temperature of storage accompanied with elevated in chromosomal aberration CA 
reached to 0.162±0.02 in 9 months of storage and 0.196±0.03 in ≤35°C storage temperature. 

1. Introduction 
The water is the key element in the survive of life on earth, 
in spite of the  water covers nearly 75% of the earth’s sur-
face, but the proportion of fresh water does not exceed the 
rate of 1%. However, with the increasing in population den-
sity and growth of the agricultural and industrial activities, 
drinking water has become a scarce commodity in many 
countries and regions in the world [1]. It is reported that 
changes in water quality are primarily the result of human 
activities that would discharge water pollutants or alter wa-
ter availability [2]. Therefore, the urgent need of drinking 
water was appeared treated water in different shape; one of 
these shapes was bottled water in glass or plastic container. 
The quality and specifications of bottled water depends 
on the water sources, purification techniques as well as the 
packing material [3]. 

Due to the importance of safe drinking water, drinking wa-
ter is regularly examined to ensure safety in developed 
countries. It is not practical to monitor the drinking water 
for every possible pathogen. Therefore, normal intestinal 
organisms, such as coliform bacteria, are used as indica-
tor of fecal pollution because they are easy to detect and 
count [4]. 

For many years it was thought that the mineral and bottled 
water safer for consumption of tap water, which has strength-
ened this belief type of treatment which are subjected of this 
type of water. Whereas several studies suggest that bottled 
water may have the same or worse bacteriological and chem-
ical quality as tap water, concluding that bottled water is not 
better than tap water [5,6]. 

Recently in Iraq very few studies have been carried out to 
investigate the microbial contamination of bottled water. 
Therefore, a goal of this study was to determine the current 
status of bacteriological quality of various brands of bottled 
water sold in Baghdad city and investigating the diversity of 
bacterial and fungal. A second goal of this study was to inves-
tigate the genotoxic effects of water-packed in plastic con-
tainers, on peripheral blood lymphocytes by measuring the 
mitotic index (MI), balstogenic index (BI) and chromosomal 
aberrations (CA) in vitro. 

2. Materials and methods
Seventy five samples of bottled water belong to fifteen vari-
ous commercial brands were collected from grocery shops 
within Baghdad city from March to June 2012. The present 
work investigated two type of parameters the first one deals 
with microbial diversity assessment in different size com-
mercial preparations (1.5, 0.5 and 20 liter), all samples were 
stored in the grocery stores at room temperature, while the 
other investigation deals with the cytotoxic effects of these 
water on peripheral blood lymphocytes by determined mi-
totic index (MI), blastogenic index (BI) and chromosomal ab-
errations (CA). 

For microbial diversity assessment, each bottle was ade-
quately shaken, 2 ml of each sample was taken for microbio-
logical analyses, one milliliter was inoculated in blood agar 
plate and incubated for 24 hrs at 37°C, quantitative bacteria 
were determined as total viable count (colony forming unit/ 
ml), while bacterial qualitative was identified depending on 
cultural and biochemical properties of each colony [7]. Fun-
gal identification was done by inoculating 1 ml of bottled wa-
ter in Sabouraud dextrose agar plate (SDAP), all plates were 
incubated for 48 hrs at 25°C, and fungal diagnoses were in-
spected microscopically [7].

Genotoxic effects of bottled water were examined by deter-
mined MI, BI and CA in peripheral blood lymphocytes from 
healthy people In Vitro, by exposed PBL for three genera-
tions to examined water. 100 ml of each sample was concen-
trated by evaporating in room temperature reaching to 10 ml 
at sterile conditions, 0.5 ml of concentrated water added to 4 
ml of RPMI-1640 supplemented with 15% fetal calf serum, L- 
glutamine and penicillin and streptomycin. All tubes were in-
cubated at 37°C for 70 hrs. The chromosomal analyses were 
conducted according to Verma and Babu [8].   

3. Results and discussion
3.1 Microbial diversity
Microbial failure rate of bottled water reach to 13.3 %, 10 
samples of 75 showed positive results, 4% was displayed fun-
gal growth, represented by Candida albicans in two samples 
and Cryptococcucs  sp  in one sample. Bacterial presence ap-
pears in 7 specimens represented by Staphylococcus sp in 3 
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samples while Pseudomonas sp recurrence of four times. All 
brands showed negative for fecal coli form test, which is most 
common group of indicator organisms used in water quality 
monitoring. These organisms are representative of bacteria 
normally found in the intestinal tract of mammals including 
human, so they provide a general, adequate, index of fecal 
[9,10]. Total viable count (CFU/ml) ranged from 4.6 CFU/ml 
in sample number 3 to 0.2 CFU/ml in sample number 25 as-
shown in Table 1. It can be also note that there is no associa-

Table 1: Microbial analysis of bottled water within Baghdad, Iraq
Total count
CFU/ml

Bacterial
Content

Total count
CFU/ml

Fungal contentExpiration 
date

Manufactur-
ing date Size ( L)Brand 

code

2.8Staphylococcus sp.//25/11/201226/11/20110.52

4.6Staphylococcus sp.//14/1/201315/1/20120.53

0.4Staphylococcus sp.//27/3/201328/3/20120.57

0.2Pseudomonas sp.//13/8/201214/8/20112025

1.3Candida albicans5/9/20126/9/20112031

0.5Candida albicans27/9/201228/9/20112037

2.5Pseudomonas sp./3/6/20134/6/20122046

0.65Cryptococcucs  sp6/12/20127/12/20112055

0.44Pseudomonas sp.//3/7/20124/7/20112058

0.85Pseudomonas sp.//4/9/20125/9/20112063

tion between a period of storage and size of container with 
TVC. The microbial contamination may be due to the type of 
treatment techniques used in the production or result from 
bad holding of water by the workers or by contamination of 
water sources that has not been adequately removed during 
treated process. Existence microbial contamination after the 
process of packing may be due to the increase in tempera-
ture during storage, and the trace amounts of nutrients in the 
same water [11]. 

3.2. Cytogenetic assessment
The second aim of this study was investigation the effects of 
PET release in various storage periods and various storage 
temperatures on PBL which isolated from healthy person, 
from Table 2 and 3, it can be observed significant reduction in 
both MI and BI with the increase in storage periods and tem-
peratures accompanied with elevated in CA, represented by 
chromatid breaks CB, micronuclei MN and ring chromosome 
RC. The highest proportion of TCA has been observed in the 
storage period more than 9 month reached to (0.162±0.02), 
the reduction percent in MI from control to the 9 months 
of storage period 36.7%, while reduction percent in BI was 
25.3%. However, the reduction percentage of MI and BI was 
38.34% and 31.74% respectively in PBL exposed to bottle 

water stored in different temperatures, from Table 3, the re-
sults indicated that temperature effects were more evident 
than storage effects. The results of this study agreed with 
Evandri et al. [12] who observed an increase in chromosomal 
aberrations in Allium cepa with PET water samples exposed 
to direct sunlight for 16 weeks (two-fold induction) and ex-
posed in the dark at 40 °C for 10 days (three-fold induction). 
Although, these aberrations were attributed to the migration 
analysis of water was not done. Biscardi et al. [13] performed 
the Tradescantia micronucleus bioassay and the Comet as-
say with human leukocytes in lyophilized water stored in PET 
bottles. Only samples stored for 2 months showed an eight-
fold increase in the frequency of micronuclei compared to 
distilled water [13]. 

Table 3: Chromosomal analysis of PBL exposed to bottled water stored in PET bottle in different period 

Period of storage 
months No. MI BI CB MN RC TCA

Control 3 1.93±0.23a 45.67±2.34a 0.0a 0.001± 0.0a 0.0a 0.001±0.0

0-3 25 1.86±0.17a 41.33±1.22b 0.01±0.002b 0.02±0.001b 0.0a 0.03±0.001

3-6 21 1.56±0.22b 40.67±2.56c 0.021±0.01c 0.06±0.01c 0.03±0.002b 0.11±0.002

6-9 18 1.32±0.34c 37.23±2.45d 0.033±0.002d 0.065±0.01d 0.034±0.006b 0.132±0.024

≤ 9 11 1.22±0.12c 34.12±1.29e 0.042±0.06e 0.078±0.02e 0.042±0.005c 0.162±0.02

CB: chromatid break MN: micronuclei RC: ring chromosome TCA: total chromosomal aberration,
Each number represent M±SD for 100 lymphocytes, different letters refer to significant differences at p≤0.05.

Table 4: Chromosomal analysis of PBL exposed to bottled water stored in PET bottle in different temperatures  

Temperature of 
storage °C  No. MI BI CB MN RC TCA

Control 3 1.93±0.23a 45.67±2.34a 0.0a 0.001± 0.0a 0.0a 0.001±0.0

4-10 20 1.91±0.23a 43.21±1.35b 0.011±0.02b 0.03±0.01b 0.0a 0.041±0.01

10-25 20 1.77±0.12b 41.17±1.67c 0.036±0.011c 0.05±0.02c 0.02±0.002b 0.16±0.012

25-35 20 1.54±0.21c 35.23±2.12d 0.046±0.01d 0.065±0.02d 0.043±0.02b 0.145±0.021

≤ 35 15 1.19±0.34d 31.17±1.56e 0.062±0.05e 0.08±0.03e 0.054±0.03c 0.196±0.03

CB: chromatid break MN: micronuclei RC: ring chromosome TCA: total chromosomal aberration,
Each number represent M±SD for 100 lymphocytes, different letters refer to significant differences at p≤0.05.
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