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Abstract: In Egypt as well as in many other developing caest there are no specific standards for
hospital water. Even water is free from the traxfitil bacterial indicators, it may represent a seurc
of health hazards especially for elderly, childesrd patients under dialysis due to the presence of
opportunistic pathogenic bacteria. The study wasexh out on the bacteriological water quality at
the intakes as well as the end of water treatmam of two water treatment plants that supplying
three hospitals located in Greater Cairo, Egyphwitater that used for different purposes. Samples
of the raw water supply for the two water treatmglants (Nile River water) showed ranges of-10
10° cfu mL?, 16-10" MPN 100 mC*, 1¢-10° MPN 100 mL* and 16-10° MPN 100 mL" for
Heterotrophic Plate Count (HPC) bacteria, Totalif@ahs (TC), Fecal Coliforms (FC) and Fecal
Streptococci (FS), respectively. Treated water sitbwonsiderable reduction in HPC while the
other bacterial indicators reached the undetecti@viel. The distribution system impact on treated
water quality was limited to causing an increaseHiRC bacteria. A study was carried out to
determine the presence Bfeudomonas aeuginosa, Aeromonas spp. andtaphylococcus aureus in
hospitals tap water, water reservoirs, as well adew for preparation of hemodialysis fluids.
Although the post-chlorinated water in both wateeatment plants was free from bacterial
indicators, it still contaminated with the threeudied opportunistic pathogenic bacteria. The
detected opportunistic pathogens may be attribtdetthe distribution system condition and/or the
presence of storage tanks. Hemodialysis water ssmmphowed the higher percentage Rof
aeruginosa isolates which represent a major source of heastk to patient’s attending dialysis
process in hospitals and clinics. The presence pgfodunistic bacteria in drinking water and
dialysate with absence of coliform and low HPC sgigd that the criteria for drinking water are
usually not adequate for water used in hospitate purpose for which the water is to be used
determines the criteria for water quality. Storamfewater should be as hygienic as possible.

K ey words: Opportunistic pathogens, Heterotrophic Plate CqHRC), Fecal Streptococci (FS), Total
Coliforms (TC), Fecal Coliforms (FC), distributisgstem, hospital water

INTRODUCTION usually focusing on senior citizens in rest homes o
newborns and infants without established natural
Opportunistic pathogens include those organismémmunity systems. The exposure risk also includes
which exist as a part of the normal body microflorapatients of all ages receiving antibiotics or
but under certain conditions, they cause diseases ichemotherapy and particularly of concern to AIDS
compromised hosts. They ordinarily are not invasivevictims (Zagainovat al., 2010).
but dependent on opportunities through breaks én th Opportunistic pathogen infections are a serious
natural body barriers, such as wounds, burnspublic health problem in any areas where large rarmb
depressed gastric acidity. The exposure risk inetud of people are in close confinement, particularly
persons who have become debilitated by some othdvospitals and senior care facilities. At least fpercent
bacterial, viral or other diseases (e.g., gastesitibal  of patients admitted to hospitals acquire nosocbmia
or hepatic disease, hypo-or achlorhydria, diabetes)nfections and about one percent of the affecteidipias

Corresponding Author: El-Zanfaly, H.T., Department of Water Pollutionf@wol, National Research Center, Dokki, Cairo, Egyp
262



Am. J. Environ. i, 8 (3): 262-270, 2012

die as a direct result. Many of these organisms arbealthcare personnel washed using tap water can als
found among the diverse flora of water supplylead to patient exposure to opportunistic pathogens

(Grabinska-Loniewskaet al., 2007). Identification of
bacteria isolated from distributed water indicathdt
over 30% of the total bacterial populations were
opportunistic pathogens (LeChevallatal., 1980).

(Trautmanret al., 2001; Anaissiet al., 2002).

MATERIALSAND METHODS

| densities in most treated municipal water siugspli Water samples: Water samples were collected from 3
are generally below 100 cfu riLexcept at static work Nospitals located in greater Cairo, Egypt (Embaba E

locations in large housing projects, high-rise a#fi
buildings, hotels and public buildings as a reflt

Am, Kasr El-Aini and Abou EI-Rish) and they supplie
with water from two water utilities (Embaba and El-

infrequent demand as well as continued use of géora Roda water). The two water treatment plants demend
tanks, especially at warm ambient temperaturesréBar Nile River water as a source of raw water supplye T

etal., 2000; WHO, 2002).

number and sources of the collected water samples

In case of special need users (hospitals, dialysilested are presented in Table 1.

clinics) and some families who are not satisfiedhwi
taste, odor, or other need to protect them agahest
probability of potential health risks associatedma
given municipal water supply, is attempting to fent
refine water quality using special treatment dewice
While the applied treatment devices may be fo
sometimes very effective in processing the water,
supply, their usefulness overtime may diminish
because of its limited absorbance capacity, high
concentrations of undesirable pollutants and large
volume of water processed. The microbiological dyal

of water produced by these devices is extremely
variable (Reasonet al., 1987). .

One suspected problem as a result from point-of-
use carbon filters is the increase in HPC by onwvor
logs over the numbers detected in the public water
supplied at the service tap. This proliferatiorates to
the species of organisms passing through the filter
device, seasonal change in water temperatures, the
presence or absence of free residual chlorine, emhbi
air temperatures around the unit and the service
duration for a given carbon cartridge. Non-use quigi
overnight or for longer intervals will also providm
opportunity for continued growth of organisms
colonizing carbon filters. Under no flow conditions
water temperature can increase to ambient room
temperature thereby stimulating bacterial multitic
ion. Chlorine residuals in this situation eitherno
byproducts overtime in the warm static water or are
effectively absorbed by carbon in the unit. As a
consequence, water produced from these units
frequently had higher bacterial densities in magnin °
samples (Geldreich, 1991).

Patient exposure to waterborne microorganisms in
the hospital occurs while showering, bathing, drigk
water, or ingestion ice. It can also occur throughtact
with contaminated medical equipment such as tagd fe
bags, of flexible endoscope and respiratory equipgme
that have been rinsed with tap water. The hands of
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Media, reagents and methods. Media used and
methods followed are according to Standard Methods
for the Examination of Water and Wastewater (Eaton
and Franson, 2005). It is possible to be summarazed
rfollows:

MPN technique was followed for both coliforms
and fecal streptococci groups determination using
Lauryl Sulphate Tryptose Broth and Brilliant
Green Lactose Bile Broth (presumptive and
confirmed tests for total coliforms) and EC broth
(for fecal coliforms)

Azide Dextrose broth and m-Enterococcus agar (as

presumptive and confirmatory tests for fecal

streptococci)

R2A agar for Heterotrophic Plate Count (HPC)

bacteria determination following the spread plate

technique (Eaton and Franson, 2005)

Isolation of opportunistic pathogens using membran

filter technique and selective media as follows:

e M-PA-D agar as selective medium fd?.
aeruginosa determination (Vicenteet al.,
1986),

Ampicillin-Dextrin Agar (ADA), as selective
medium for Aeromonas spp. isolation
according to Havelaat al. (1987)

«  Aeromonas hydrophila (AH) selective medium
(Kaperet al., 1979)

e Mannitol-Salt Agar (MSA) for staphylococci
isolation (Eaton and Franson, 2005).

Study onP. aeruginosa isolates for identification

according to Vicentet al. (1986) by the following

tests:

« Detection and enhancement of pyocyanin
production in King’s a medium (Kingt al.,
1954),

* Gelatin liquefaction (ASFM, 1981)

¢ Gluconate Oxidation (Carpenter, 1961)
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Table 1: Number and source of the collected wateipdes anaerobically (form acid but no gas) and
Post i i i i

Place Raw chlorinated Tap Reservoir Hemodiays fermentation of mannitol aerobically (acid. and

Embaba Water Utility 19 19 - - - no gas)

Embaba EI-Am Hospital - - 19 19 19

El-Roda Water Utility 19 19 - - -

Kasr EI-Aini Hospital - - 19 - 19 RESULTS

Abou EI-Rish Hospital - - - 19

- — _ . .

Water used to prepare the dialysis fluid The results of bacteriological analysis for water

Table 2: Tests used for differentiationAsromonas species samples are illustrated in Table 3. The results of

Test A.hydrophila  A.sobria  A.caviae different bacteriological parameter for raw water

Escu

lin hydrolysis + - + samples from different locations studied showed

{-/fitr;tdecarboxy'ase N L ) non-significant differences (p >0.05). There was a
Arabinose (Acid) + J+ + remarkable decrease in bacteriological parameters
Glucose (gas) + + - densities resulted from water treatment processes.

The HPC determined for water samples from the two

« Milk agar (Brown and Foster, 1970) to detectWater treatment plants under investigation showed
protease production highly significant and significance differences, €p

«  Growth in Brain Heart Infusion Broth at 42°c  0.01 and p < 0.05) (Table 3). _
«  Oxidation / Fermentation (O/F) test according Hospitals water samples showed negative results
to Hugh and Leifson (1953) for bacterial indicators. Deterioration of water

quality through the distribution system appeared
from the high records for HPC of Embaba EI-Am as

aeruginosa is: Oxidase +, acid production from well as Kasr EI-Aini hospitals water samples
glucose aerobically +, growth at 42°C +, pyocyanincomparEd by the records of the water treatment
pigment production +, gluconate oxidizer, arginineefﬂuent- Also, hemodialysis water samples had HPC
-, liquefy gelatin +), Study omeromonas spp. higher than the records of tap water samples. Nman

» Cytochrome Oxidase test
Arginine dihydrolase test (Moller, 1958/

isolates: resulted from a reservoir on the HPC count of Emabab

e A-ldentification El Am water samples, while it showed a drastic ctffe
Suspected colonies on ADA medium (yellow in case of Abou El-Rish (Table 4). .
colonies) were verified asAeromonas spp. Comparing the results of the opportunistic
according to Havelaaat al. (1987) in two steps: pathogens at the two water treatment plant intakes

« Screening forAeromonas hydrophila (AH) showed that Aeromonas spp. and Staphylococci
medium (Kapeet al., 1979) by stabbing in the densities are higher at ElI-Roda than Embaba with
medium and incubation at 30°C for 24 - 48 h. significant difference (p< 0.05). On the other hand
Aeromonas gives an alkaline reaction (purple P. aeruginosa densities of both water treatment
at the top) and acid (yellow) butt plants are nearly similar (p> 0.05).

« Biochemical identification for Aeromonas Number of positiveP. aeruginosa samples (11) at
positive on the AH medium by streaking on Embaba intake was higher than that at EI-Roda énf@k
tryptic soy agar (TSA) and identified as and the opposite forAeromonas spp. (Table 5).
Aeromonas spp. according to the following Opportunistic pathogenic bacteria showed high
reactions: Oxidase test (+), O/F (+/+), arginineresistance towards the chlorine dose used in water
dihydrolase (+), ornothine decarboxylase (-),treatment plants (5.0 ppm) with free residual 1.5 -
resistance to vibriostatic agent 2, 4-diamino-6,2.0 ppm in case of Embaba utility and 6 - 7 pprrhwit
7-diisopropylpteridone phosphate (+). free residual 1.7 - 2.3 ppm in case of EI-Roda
Aeromonas spp differentiation of species utility). At El-Roda water treatment plant, post-
according to Havelaaat al. (1992) (Table 2) chlorination resulted in reduction in the number of

Study on Staphylococci isolates: positive P. aeruginosa samples from 7.0 to 2.0,

« Identification: The suspected colonies on MSAAeromonas spp from 11 to 7/0 and Staphylococci
were confirmed astaph. aureus according to from 7.0 to 5.0. The outlet of the two water treatrn
tests in Eaton and Franson (2005) as Catalaselants showed different results regarding the numbe
(+), Morphology and Gram staining, of positive samples for the three opportunistic
fermentation of glucose aerobically and pathogenic bacteria under study (Table 5).
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Table 3: Ranges of heterotrophic plate count antéhal indicators densities for raw Nile river anehted water samples from two water treatmentgla

Embaba water treatment plant El-Rwedter treatment plant
Raw water Treated water Raw water Treated water
Test (19) (19) (19) (19)
HPC as cfu at:
5x 10°— 2x 10°/mL <1 -18/100 mL * 10— 1% 10° /ml <1 -13/100 mL
28°C for 3days (39368.4+15033.6) (8.8+6.2%) (334311791.3) (5.8+4.5)
1x10'-3x 10° /mL 2-31/100 mL 1610 — 2.5¢10° /ml 3-21/100mL
18°C for 7 days (103684.2+78966.2) (15.4+10.4*) (110842.1+60338.1) (8.1#5.4)
MPN/100 ml for:
TC 4.3x 107 - 6.4x 10* <1 4.6x 107 - 4.6x 10* <1
(18538.4+13515.1) - (21322.1+18223.9) -
FC 1.5x 107 - 1.1x 10* <1 2.3x 107 - 1.1x10* <1
(3105.7+1843.6) - (2803.1+1962.6) -
FS 1.5x 10°-3.9x 18 <1 1.5x 10° — 3.9x 10° <1

(1909.0+1288.0) - (1942.6+1308.7) -
HPC: Heterotrophic plate count TC: Total coliforfS: Fecal coliforms FS: Fecal streptococci < 1: tetectable * : Significant difference (p <
0.05) **: Highly significant difference (p < 0.01)

Table 4: Ranges of heterotrophic plate count (H®Clreated and hospital water samples

HPC (cfu/100 mL) at: Bacterial indicators
Water samples 28°C for 3 days 18°C for 7 days HT,FS)
Treated water samples from:

<1-18 2-31
Embaba water treatment plant (19) (8.8+6.2%) (£B14*%)

<1-13 3-21
El-Roda water treatment plant (19) (5.844.5) (8.1 ND
Hospital tap water samples:

4-33 6-40
Embaba EI-Am hospital (19) (19.6+9.9*) (23.2+19.1

2-28 4-20
Kasr El-Aini hospital (19) (12.1+8.4**) (11.745.2* ND
Hospital reservoir water samples:

8-37 9-44
Embaba EI-Am hospital (19) (21.5+9.8) (24.3+12.0)

3037 5-33
Abou EI-Rish hospital (19) (20.6£11.0**) (20.8+%*B ND
Hemodialysis water samples:

< 1-56 2-60
Embaba EI-Am Hospital (19) (24.6+16.8**) (24.5+19.8

<1-25 <1-26
Kasr El-Aini Hospital (19) (13.8+8.3*) (13.8+8.3F ND

ND: Not Detected (< 1) *Significant difference (p0<05) ** highly significant difference (p < 0.01)

Table 5: Opportunistic pathogens density (count/h@) in positive water samples from the two wateatment plants

Embaba water treatment plant El-Roda water treatment plan

Raw water Treated water Raw water Treataw
Sample Ps. Aeromonas Saph. Ps. Aeromona  Staph. Ps. Aeromona  Staph. Ps. Aeromonas  Staph.
number Aerugi nosa sp. aureus aeruginosa sp aureus aeruginosa Sp aureus aerugi nosa sp. aureus
1 <1 <1 <1 <1 <1 <1 8 6 <1 <1 <1 <1
2 <1 <1 <1 <1 <1 <1 12 17 12 <1 5 4
3 3 <1 <1 1 <1 <1 7 6 <1 1 <1 <1
4 <1 <1 <1 <1 <1 <1 3 8 <1 <1 2 <1
5 <1 <1 <1 <1 <1 <1 6 8 9 2 <1 5
6 5 <1 <1 3 <1 <1 6 10 7 <1 7 3
7 7 7 5 4 2 2 <1 15 <1 <1 8 <1
8 8 <1 <1 2 <1 <1 <1 17 <1 <1 9 <1
9 11 <1 3 3 <1 1 <1 <1 <1 <1 <1 <1
10 9 8 <1 4 2 <1 <1 20 13 <1 13 8
11 5 <1 2 5 <1 <1 <1 10 11 <1 5 4
12 8 10 6 6 4 3 <1 7 <1 <1 <1 <1
13 11 7 8 5 3 5 2 <1 5 <1 <1 <1
14 6 9 6 6 4 4 <1 <1 <1 <1 <1 <1
15 5 10 5 2 3 2 <1 <1 4 <1 <1 <1
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Table 6: Opportunistic pathogens density (count/tflQ found in positive water samples collected fr&mbab water treatment plant
and Embaba El- Am hospital

Embaba water treatment plant Embaba EI-Am itedspater

Treated water Tap water Reservoir water Herlysis water
Samples Ps. Aeromona Saph. Ps. Aeromonas Staph. Ps Aeromonas  Staph. Ps. Aeromonas  Staph.
Number Aeruginosa sp. aureus aeruginosa sp aureus aeruginosa sp aureus aeruginosa sp. aureus
3 1 <1 <1 <1 <1 <1 <1 <1 <1 11 1< <1
6 3 <1 <1 <1 <1 <1 <1 <1 <1 16 1< <1
7 4 2 2 <1 <1 <1 <1 5 3 17 <1 <1
8 2 <1 <1 <1 <1 <1 <1 <1 <1 20 1< <1
9 3 <1 1 <1 <1 <1 5 <1 8 22 <1 1<
10 4 2 <1 7 <1 <1 9 7 <1 37 <1 <1
11 5 <1 <1 6 <1 <1 6 <1 <1 23 <1l <1
12 6 4 3 10 5 6 9 11 8 32 <1 <1
13 5 3 5 5 7 8 8 8 10 37 <1 <1
14 6 4 4 8 8 6 7 9 11 22 <1 <1
15 2 3 2 <1 <1 <1 <1 10 4 24 <1 1<
17 <1 <1 <1 <1 <1 <1 <1 <1 <1 13 <1 <1
18 <1 <1 <1 <1 <1 <1 <1 <1 <1 11 <1 <1
+ Samples 11 6 6 5 3 3 6 6 6 13 0 0
Count
ranges 1-6 2-4 1-5 5-10 5-8 6-8 5-9 5-11 -113  11-37 - -

Mean+SD (3.71.6) (3.0£0.8) (2.8+1.3) (2.7+1}(6.6£1.2)  (6.6+0.9) (7.3t1.5) (8.3t1.9) (738) (22.3t8.688) -
< 1: not detected SD: Standard deviation **: higingicant difference (p<0.01)

Table 7: Opportunistic pathogens density (count/300) found in positive treated water samples cdbecfrom EIl-Roda water
treatment plant and two hospitals

El-Roda water treatment plant Kasr El-Aini hoapit Abou EI-Rish hospital

Treated water Tap water Hemodialysis water blialysis water
Samples Ps. Aeromonas Staph. Ps. Aeromonas Staph.  Ps. Aeromonas  Staph. Ps. Aeromonas  Staph.
number Aeruginosa sp. aureus aeruginosa sp aureus  aeruginosa sp aureus aeruginosa sp. aureus
1 <1 <1 <1 1 <1 <1 13 <1 <1 <1 7 <1
2 <1 5 4 <1 4 <1 16 <1 <1 <1 14 13
3 1 <1 <1 <1 9 <1 12 <1 <1 <1 22 <1
4 <1 2 <1 <1 <1 <1 9 <1 <1 <1 12 7
5 2 <1 5 <1 6 <1 9 <1 <1 <1 8 <1
6 <1 7 3 <1 <1 <1 7 <1 <1 <1 7 21
7 <1 8 <1 <1 <1 <1 8 <1 <1 <1 9 15
8 <1 9 <1 <1 <1 <1 5 <1 <1 <1 13 14
9 <1 <1 <1 <1 3 <1 <1 <1 <1 <1 11 <l
10 <1 13 8 <1 <1 <1 <1 <1 <1 <1 9 17
11 <1 5 4 <1 <1 <1 <1 <1 <1 <1 1< 9
Samples+ 2 7 5 0 4 0 8 0 0 0 10 7
Count 1-2 2-13 3-8 - 3-9 - 5-16 - - - z-2 7-17
ranges
Mean+SD  (1.5#0.5) (7.0#3.2)  (4.8+1.7)- (5.33R. - (9.843.3) - - - (11.244.2%) - (12.448%)

< 1: not detected SD: standard deviasion **: higdinificant difference (p < 0.01)

Table 6 and 7 showed the densities of opportanisti Thirty- two hospitals water supply samplaswed
pathogens in the treated water supplied from the twPositive results foP. aeruginosa, 21 of them originated
water treatment plants and the changes withinttreet  from the hemodialysis units water supply (13 arfd 8.
hospitals under study. Reservoir water samples froffOM Embaba and Kasr El-Aini hospital, respectiyely
Abou El-Rish hospital showed the high density raofye The other 11 positive samples were detected in Bmba

. El-Am hospital water (Table 8).
Staphylococei. Generally, three water samples (. Aeromorr:as spp. wa(s isolat()ed mainly from reservoir

13, 14) that collected from a tap and reservoir ofyater samples (10) from Abou El-Rish and 6 of
Embaba EI-Am hospital, gave evidence for the presen gmbaba hospital), while in case of tap water, pasit
of the three opportunistic pathogenic bacteria undesamples were reduced to 7 ( 4 from Kasr El-Aini &8nd
study (Table 6). from Embaba hospitals).
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Table 8: Opportunistic pathogen isolates from tine Wwater treatment plants and the three hospitals

No of isolates belong to opportunistic pathogens

Source P. aeruginosa Aeromonas spp. S aureus
Embaba water treatment plant:

Raw water (19) 11 6 7
Treated water (19) 11 6 6
Embaba EI-Am hospital:

Tap water (19) 5 3 3
Reservoir water (19) 6 6 6
Hemodialysis water (19) 13 0 0
El-Roda water treatment plant:

Raw water (19) 7 11 7
Treated water (19) 2 7 5
Kasr El-Aini hospital:

Tap water (19) 0 4 0
Hemodialysis water (19) 8 0 0
Abou EI-Rish hospital:

Reservoir water (19) 0 10 7

Table 9: Differentiation of the 23 Aeromonas isefafrom hospitals
Aeromonas isolates

A. hydrophila A. Sobria A. caviae Total

Source No. (%) No. (%) No. (%) No. (%)
Embaba EI-Am hospital:
Reservoir water 4 66.7 2 33.3 - - 6 66.7
Tap water 2 66.7 - - 1 33.3 3 33.3
Total 6 66.7 2 22.2 1 111 9 39.1
Abou EI-Rish hospital:
Reservoir water 7 70.0 1 10.0 2 20.0 10 543.
Kasr El-Aini hospital:
Tap water 2 50.0 2 50.0 - - 4 17.4
Total 15 65.2 5 21.7 3 131 23 100
Table 10: Identification of the staphylocoiccalla&ges from hospitals water samples

Embaba EI-Am hospital

Kasr EI-Ani Abou EI-Rish

Tap water Reservoir tap water reservoir Total
Test (6) (20) 3) (26) (35)
Catalase 6/6 10/10 3/3 16/16 35/35
Microscopic examination 5/6 8/10 2/3 12/16 357/
Acid from Glucose:
Aerobically 4/6 9/10 3/3 9/16 25/35
Anaerobically 3/6 6/10 0/3 7116 16/35
Acid from Mannitol:
Aerobically 3/6 6/10 0/3 7116 16/35
Coagulase 3/6 6/10 0/3 7116 16/35
IdentifiedS. aureus 3/6 6/10 0/3 7116 16/35

Staphylococci was isolated from Embaba EI-Am tapfrom Kasr El-Aini tap water samples). The charaster
water (3 samples) and increased to 6 samplesdgyjmua  of these isolates and their identification appeaired
to the reservoir (Table 8). The 23 aeromonal isslat Table 10.

were differentiated into their species according to

Havelaar et al. (1992). The results showed that 15 DISCUSSION
isolates out of the tested 23 (65.3%) were idextifas
Aeromonas hydrophila (the dominant species) (Table 9). The presence of opportunistic pathogens in hdspita

Thirty-five suspected staphylococcal isolates werewater supply was followed by testing the initial tera
isolated from hospitals water samples, (16 from Abosource (Nile River water) and demonstrated theceffe
El-Rish hospital water reservoir and 10 from Embabaof water treatment processes on the removal of
El-Am water reservoir, 6 from Embaba EI-Am and 3 opportunistic pathogens (quality of post-chlorihte
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water), the effect of distribution system on waterthe explanation for the deterioration in water dgyal
quality (water source for hospitals), water quality (Edwards, 2000). The released bacteria are usually
deterioration inside the hospitals (impact of theide chlorine resistant (LeChevallieet al., 1988). The
distribution system and storage tanks) and theéhospital, water storage tanks represent a place for
possibility of health hazards through the use ofewa bacteria proliferation including a source for ogpaistic
that was contaminated by opportunistic pathogeni@athogens contamination (Felfokdial., 2010).
bacteria by patients and for dialysate preparation The water of hemodialysis units that used for
The three hospitals under study receive water fronpreparation of dialysis fluids at both Embaba EI-Am
two water treatment plants. The raw water (wataghef and Kasr El-Aini hospitals represent a possiblera®u
water treatment plant intake) that used by Embddnat p of P. aeruginosa and so its proliferation together with
showed a level of fecal pollution higher than Eldlgo other organisms was possible to occur. In caseasi K
water treatment plant. The treatment train redubed EI-Aini hospital, P. aeruginosa cannot reach the
HPC population in the finished water to a levelttha detectable level in tap water, while it was iscdalte
never exceed the value of <35 cfu thLwhich  from hemodialysis water (8 positive out of 19 teste
complying with the Egyptian standards for drinking samples) with density range of 5.0 - 16 cfu 100"mb
water (<50 mCY). In addition TC, FC and FS level in this respect, Faveroet al. (1974) reported that
the finished water was undetectable which was alsgoftening, deionization or reverse osmosis progesse
complying with the Egyptian standardéeromonas  used to prepare the dialysis fluid may represesttuace
spp. andtaph. aureus densities are higher at EI-Roda of bacteriological quality deterioration. They addbat
water treatment intake than Embaba intake (p<0.05)n the absence of residual chlorine, microorganisars
So, there was no correlation between the simuliameo multiply in the distribution system downstream from
presence of the fecal indicators and the studiedhe membrane during the Reverse Osmosis (RO)
opportunistic pathogens. Therefore, the absence dirocess. Also, the design of the distribution sysfer
bacterial indicators or the low level of HPC is raot the treated water has a contribution in increashney
satisfactory measure of the presence of opportanistlevel —of bacterial contamination. In  several
pathogens. Regarding the water quality at the tatesv hemodialysis centers, storage tanks or dead entfein
treatment plants outlets, the results showed thadistribution system allowed the multiplication afag-
Aeromonas spp and3aph, aureus counts were higher at negative bacteria P aeruginosa in particular).
El-Roda (P<0.01) and (p<0.05). While the actuahdat Geldreich (1991) added th&. aeruginosa has the
showed thatP. aeruginosa range was higher at the ability to grow prodigiously in and on RO and
outlet of the Embaba plant than El-Roda. Generdtly, electrodialysis membranes.
is possible to conclude that according to oppostimi
pathogens densities ranges, water quality of Embaba
water treatment plant was better than EI-Roda one.
Opportunistic pathogens were highly resistant to

CONCLUSION

Although the post-chlorinated water in both water
treatment plants was free from bacterial indicators

the conventional water treatment processes inatiie it still contaminated with the three studied
chlorine used in post-chlorinatioseromonas spp. has opportunistic pathogens. This can be explained by
also been recovered from chlorinated water (Havedaa the possibility of their high resistance to chlerin
al., 1990). It was demonstrated by Hiretal. (1991) that Further study on virulence of opport-unistic
P. aeruginosa was more resistant to chlorine thiancoli, pathogens and the effectiveeness of new
this may be due to the slimes producedPbgeruginosa disinfection methods should be encourage

(Seyfried and Fraser, 1980). That may support the The water supply system should ensure the
recommendation of using both Staphylococci and  provision of safe water
P.aeruginosa as indicators for the satisfactory of the+ Hemodialysis water samples showed the higher

treatment process (Kig al., 1983). Staphylococci were percentage of P. aeruginosa isolates which
isolated from water samples free from both coliferamd represent a major source of health risk to patients
streptococci (Alico and Dragonjae, 1986). attending dialysis process in hospitals and clinics

In the present study, the deterioration of water The storage systems should be as hygienic as
quality through the distribution system was possible
demonstrated and confirmed by Hapciogiti al. e Emphasis on monitoring water treatment

(2005). The deterioration includes the high counts effectiveness and distribution system integrity mus
opportunistic pathogens. The formation of biofilm o not focusing on the traditional bacteriological
the surface of pipelines and sloughing to the weger parameters of water that leaving the treatmenttplan
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« Water utilites need to minimize HPC through Favero, M.S., L.A. Carson, W.W. Bond and N.J. Reter
optimization the treatment steps, reducing asdimeila 1974. Factors that influence microbial contamimatio
organic carbon in distribution system and storage of fluids associated with hemodialysis machines.
tanks and minimization the dead ends in the  Applied Environ. Microbiol., 28: 822-830.

distribution system Felfoldi, T., Z. Heeger, M. Vargha and K. Marialige
« Rapid methods for monitoring water quality 2010. Detection of potentially pathogenic bactaria
should be followed the drinking water distribution system of a hodpita

« The presence of opportunistic bacteria in drinking ~ Hungary. Clin. Microbiol. Infect., 16: 89-9DOLI:
water and hemodialysis water with absence of  10.1111/j.1469-0691.2009.02795.x
coliforms and low HPC suggested that the preseneldreich, E., 1991. Opportunistic organisms anel th
standards for water quality should be reevaluated Wwater supply connection. J. Clin. Microbiol. Rev.,

and ideal indicator or indicators are required 4:101-156. _

« In the light of high percentages of the presence ofSrabinska-Loniewska, A. G. Wardzynska, E. Pajor, D.
elderly, children, patients suffering from kidney ~ Korsak and K. Boryn, 2007. Transmission of
failure in hospitals, the need for an additionaalo specific groups of bacteria through water
water treatment should be considered distribution system. Pol. J. Microbiol., 56: 129-

138. PMID: 17650683
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