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Abstract
Purpose of the research work was to appraise the purified water quality by microbial analysis used 
in various manufacture in pharmaceutical industry. To have better control water systems samples are 
collected at regular intervals from the predefined user points. Water samples are checked for Total 
Aerobic Microbial Count (TAMC), Total Yeast and Mold Count (TYMC), Escherichia coli, Salmonella 
species, Staphylococcus aureus, Pseudomonas aeruginosa, Out of 2424 samples tested, 93.3% are 
positive, 6.6% are negative, 0.1% out of alert and no growth observed for TYMC, Pseudomonas 
aeruginosa, Escherichia coli, Staphylococcus aureus, Salmonella sp. Investigation performed for 
0.1% (4 samples) for which out of alert limit observed and identified the microbes such as Ralstonia 
solanacearum, Ralstonia mannitolilytica, Bacterium Sanya and Sphingomonas sp. based on the 
molecular characterization Based on the outcome of the results RO membrane replaced and increased 
the sanitization frequency. Further water samples were monitored as per the predefined frequency 
and observed that the results are within acceptance criteria. 
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InTROdUCTIOn
 Water is commonly used major ingredient 
in pharmaceutical industry and known for its 
significant potential source of contamination1,4,6,10. 
There are numerous different grade of water used 
in pharmaceutical industry. i.e. Non-potable, 
potable water, purified water, Water for injection, 
Sterile water for injection etc. 2. Therefore, it is vital 
that the water meets the specification as per the 
regulatory requirements and continuously makes 
available with pre-determined quality and quantity 
to make sure that there is no contamination of the 
manufactured goods or equipment11. 
 The source water can be used from natural 
or stockpile source3. Such water requires pre-
treatment to ensure that it meets drinking water 
standards1. Source water purified by following 
steps as mentioned in the (Fig-1). Deficit in piping 
system may leads to contamination of incoming 
water. Nomadic variations in temperature and 
growth of flora cause rise and fall in microbial 
content of supply water. Monitoring should 
be frequent enough to cover these variations. 
Samples are collected and tested as per the 
validation along with predetermined frequency to 
make sure that the method is in control and keep 
on to produce water of up to standard quality. 
 Organisms stay alive in a water system, 
as a free floating in the water or sticks to the 
wall of the pipe and tank. Organisms stick 
to the walls known as biofilm17,25,26. Biofilm 
easy to remove at early stage (Pre-Slime), it is 
hard to remove well developed biofilm from 
the water system. Eradicated but unharmed 
biofilms can become a nutrient supply for other 
bacteria. Common microorganisms recovered 
from water system samples include Gram-
negative bacteria from the genera Pseudomonas, 
Ralstonia, Burkholderia, Stenotrophomonas, 
Comamonas, Methylobacterium, and various types 
of Pseudomonas-like organisms identified together 
as pseudomonads. These microbes originate from 
top soil and water tends to inhabit in water system 
distribution and purification system. 
 Water purification systems have to be 
disinfected using chemical or heat sanitization 
method. Suitable procedure and conditions shall 
be used for following control techniques possibly 
will used alone or in combination, tumultuous 
flow circulation to get rid of development of 

biofilm, shortest possible length of pipe work, 
dead legs in the pipe work should be minimized, 
UV radiation supply in pipe work, continuously 
maintain the water system greater than 65°C, 
sanitizing the system at stipulated schedule using 
hot water temperature m (>70°C) and periodic 
chemical sanitization. When chemical sanitization 
performed, it is crucial to demonstrate that the 
chemical used has been isolated prior water used 
in the manufacturing process8. 
 The impact of microorganisms present 
in the product manufactured in non-sterile area 
should be assessed in terms of the use of the 
product, the natural history of the product and the 
probable damage to the user. Its manufacturer’s 
choice to appraise their product, the technique it’s 
manufactured, and set up an adequate action level 
of contamination, not to surpass the maximum, for 
the water system16. 
 Pharmaceutical companies declare that 
the source water providing the purified water 
system meets the suitable drinking water needs 
as per United States Environmental Protection 
Agency (USEPA). Situations could be initially water 
treatment system achieves drinking water quality 
and consequently purified water. A characteristic 
purification system that make available purified 
water which meets ionic and organic chemical 
standards, should be confined from microbial 
proliferation to diminish cross-contamination for 
use in cleaning and preparations in pharmaceutical 
industries and in health environment7,9. 
 R2A Agar is suggested by American Public 
Health Association (APHA)20,21 to use pour plate, 
spread plate or membrane filter procedure for 
assessing the heterotrophic plate count. R2A Agar 
media is prepared as per Reasoner and Geldreich22. 
Strained or ill-treated organisms during water 
treatment are unable to nurture on elevated 
nutrient media, since the faster growing organisms 
outgrow the former23. Therefore the use of a low 
nutrient medium like R2A Agar incubated for 
longer incubation periods allows strained organism 
to mature well. The fungi would not be likely to 
multiply in pharmaceutical category water due to 
their nutritional requirement 10. In this study fungal 
monitoring has been included as a part of study. 
 Alert or action levels are usually set 
from the statistical assessment of the trend data 
of water monitoring data (Table 1). Rationale for 
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routine monitoring of validated pharmaceutical 
water system is to conclude when the microbial 
counts are out of trend. The regulation is to make 
out excursion from a state of control based on 
charting12. This type of chart particularly helps 
in detection small but significant changes. A 
water system under control will have longer time 
intervals between excursions, whereas a water 
system moving out of a state of control will have 
shorter period between excursions10. 

MATERIALS And METHOd
Chemicals and Reagents
 R2A agar (Catalog Number M962), 
Sabouraud Dextrose agar (Catalog Number 
MH063), MacConkey agar (Catalog Number 
MH081), MacConkey broth (Catalog Number 
MH083), Soyabean casein digest broth (Catalog 
Number MH011), Rappaport vassiliadis salmonella 
enrichment broth (Catalog Number LQ104), 
Xylose-lysine-Deoxycholate agar (Catalog 

Number MH031), Mannitol salt agar (Catalog 
Number MH118) and Cetrimide agar (Catalog 
Number MH024) supplied by Himedia. Culture 
Staphylococcus aureus ATCC 6538 Pseudomonas 
aeruginosa ATCC 9027 Escherichia coli ATCC 8739, 
Salmonella ATCC 14028, obtained from American 
type culture collection (ATCC). Gram’s staining kit 
obtained from Himedia. Big Dye Terminator version 
3. 1" Cycle sequencing kit. POP_7 polymer50 cm 
Capillary Array. 
Instrumentation
 ABI 3500 Genetic Analyzer, Incubators 
make thermolab, autoclave make machine 
fabric, laminar airflow unit make Esco, Analysis 
software:Seq Scape_ v 5. 2
Methods
 Water samples are analysed for Total 
Aerobic Microbial Count (TAMC), Total Yeast and 
Mold Count (TYMC), Escherichia coli, Salmonella 
species, Staphylococcus aureus, Pseudomonas 
aeruginosa5. 
 In the membrane filtration method, a 
lowest amount volume of 10mL of the sample 
passed aseptically into a sterile filtration set up 
containing a 0. 45µm filter5,24. Vacuum is applied 
and the sample is drained all the way through the 
filter. All indicator organisms are hold on to or 
within the filter, further transferred to a R2A agar 
for TAMC and Sabouraud Dextrose Agar for TYMC. 
After recovery period, the bacteria become get 

Table 1. Limits and Frequency of Monitoring
   
Pharmacopeial  Alert  Action  Frequency of 
specification(1) limit limit monitoring

100 cfu/mL 50cfu/mL 75cfu/mL Once in 
   a month

Note: CFU, colony-forming units.

Table 2. Purified water sampling testing in pharmaceutical industry

Sample No. of           Out of   
 samples    Positive    Negative    Pathogens     alert limit    Pathogens
  No. % No. % No. % No. % No. %

Purified 2424 2262 93.3% 162 6.6% 0 0% 4 0.1% 0 0%
water 

Out of 2424 samples tested, 93.3% are positive, 6.6% are negative, 0.1% out of alert and there is no growth observed for TYMC, 
Pseudomonas aeruginosa, Escherichia coli, Staphylococcus aureus, Salmonella sp.

Table 3. Identification and Molecular Characterization of microbial isolates

S.No. Culture ID/Accession  Grams staining Shape Identified

1 EI-138/KY773618 Gram Negative Rod Ralstonia solanacearum
2 EI-128/KX845570 Gram Negative Rod Ralstonia mannitolilytica 
    strain SN82F48
3 EI-135/MG738363 Gram Negative Rod Bacterium Sanya2013001
4 EI-136/MG738362 Gram Negative Rod Sphingomonas sp. R2S2
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used to the new conditions. Petri plate transferred 
to an incubator at 30-35°C for 5 days for TAMC and 
20-25°C for 5 days for TYMC. Visually individual 
colonies formed are counted, and the outcome is 
articulated in numbers of “colony forming units” 
(CFU) per 100mL of sample24. 
 For pathogen testing, transferred 10mL 
of sample in 100mL SCDB (Soyabean casein 
digest broth) are incubated at 30-35°C for 18 – 24 
hours (Solution A). Transferred 1 mL of sample 
–A into 100mL MacConkey agar incubated at 
42 – 44°C for 24 -48 hours, further subcultured 
on MacConkey agar incubated at 30-35°C for 
18 – 72 hours for Escherichia coli. Transferred 
0. 1mL of enrichment sample (Solution A) to 
tube containing 10mL of Rappaport vassiliadis 
salmonella enrichment broth at 30-35°C for 18 
– 24 hours, again subcultured on Xylose-lysine-
Dexycholate agar media and incubated at 30-35°C 
for 18 – 48 hours for Salmonella species. Streaked a 
loopful of enrichment sample on plate of Cetrimide 
Agar and incubated at 30-35°C for 18 – 72 hours 
for Pseudomonas aeruginosa. Streaked a loopful 
of enrichment sample (Solution A) on a plate of 
Mannitol salt agar and incubated at 30-35°C for 18 
– 72 hours. The possible presence of pathogen is 
specified by the growth and colony characteristics 
and compared with positive control13,14,15. 

RESULTS
 Water samples collected from various 
points from the generation as well as user points 
for one year in the frequency of one month 
were tested for microbial analysis. Total number 
of samples collected and results observed are 
tabulated in Table 2. 

dISCUSSIOn
 Investigation performed for 0. 1% (4 
samples) for which out of alert limit observed 
during the period was further identified by 
molecular characterization are tabulated in the 
Table 3. 
Identification of Microbial Isolate
Primary screening 
 The Out of limit (OOL) colonies were 
(named as EI-128, EI-135, EI-136 and EI-138) 
isolated and performed grams staining by using 
microscope technique. Grams staining will provide 
information’s i. e. cell arrangement (single cell, 
cluster and clumps), shape (rod or cocci) and 
grams-staining characteristics. Transferred a 
loopful of the liquid culture to the surface of a clean 
slide, spreaded over small area and allowed to dry 
the layer. Dried layer fixed by passing it through 
the bunsen flame for two or three times without 
divulging the dried film openly to the flame. The 
slide should not be so hot as to be uncomfortable 
to the touch. Pour crystal violet solution on slide 
for up to one minute then wash off with water less 
than 5 second and drain. Flooded slide with Gram’s 
Iodine solution, and allowed to act for about one 
minute. Wash with water and drain. Get rid of 
water from slide and blot, so that alcohol used 
for decolorization not watered down. Pour 95% 
alcohol on slide for 10 seconds and wash with 
water. (Smears that are extremely thick may need 
extensive decolonization. As it is more sensitive 
and erratic step of the procedure, and requires 
familiarity how much to decolorize) and drained 
the slide. Flooded slide with safranin solution and 
allowed to counter stain for 30 seconds. Wash off 
with water. Drain and blot dry with bibulous paper. 

Fig. 1. Purified water process in pharmaceutical industry.
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The slides of bacteria were inspected under the oil 
immersion lens. 
Molecular characterization
 Genomic DNA was extracted from 4 
isolates following DNAzol-based cell lysis protocol 
and the lysates were purified on DNA-binding 
columns. Polymerase chain reaction (PCR) 
magnification was performed in ABI-2720 thermal 

cyclers using 341F and 907R as primers19. The PCR 
magnification blend contained 0. 2 mmol/L (each) 
dNTP, 400 nmol/L (each) primer, 5 mmol/L MgCl, 
and 1 U Taq polymerase in a final volume of 50 לl. 
First step is denaturation at 94°C for 3 min followed 
by 30 cycles of PCR reaction run as follows: 
denaturation at 94°C for 1 min, annealing at 55°C 
for 45 s, and extension at 72°C for 1 min. In addition, 
a final extension at 72°C for 10 min was added. The 
final products were evaluated by electrophoresis 
in 1. 0% agarose gel and purified with PCR Clean-
up Kit Refer Fig. 2-4. Sequences were determined 
in an ABI-3500 XL Genetic Analyzer using 341F as 
a sequencing primer, and their nearby matches 
were found by blasting against the short and nearly 
accurate matches from NCBI (National Center for 
Biotechnology Information) databases. Sequences 
were associated and the phylogenetic tree was 
formed using DNAMAN package (Lynnon Biosoft, 
Canada) with advancement distances method 
(boot-strapping 100-times). 
 The results of molecular characterization 
of bacterial isolate are as below:
Sample: EI-138 
 Ralstonia solanacearum  SN82F48. 
Accession No. KY773618: The next closest 
homologue was found to  be Ralstonia 
mannitolilytica strain OS8. 6 16S ribosomal RNA 
gene, partial sequence. 

Lane description:
1. Sample EI-138, L. 500 bp ladder
Fig. 2. 16s rDNA fragment  - Bacterial sample EI-138  
loaded on 1% Agarose gel.

Lane description:
1. EI-136,L – 500 bp ladder, 2. EI-135
Fig. 3. 16s rDNA fragment from bacterial sample EI-136 
& EI-135. The size ~1.5kb PCR amplified product 

Lane description:
1. EI-128 (1.5Kb), L. 500 bp Ladder
Fig. 4.   16s rDNA fragment from Bacterial sample EI-128 
on 1% Agarose gel
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Sample: EI-135
 The Microbe was found to be most 
similar Bacterium Sanya2013001 Accession No. 
MG738363 16S ribosomal RNA gene, partial 
sequence. Subsequently next homologue was 
found to be Ralstonia mannitolilytica strainOS8. 
6 16S ribosomal RNA gene, partial sequence. 
Sample: EI-136 
 The Microbe was found to be most 
Sphingomonas sp. R2S2 Accession No. MG738362 
16S ribosomal RNA gene, partial sequence. 
Subsequently next homologue was found to be 
uncultured bacterium clone HL201305-12916S 
ribosomal RNA gene, partial sequence. 
Sample: EI-128
 The Microbe was found to be most 
similar to Ralstonia mannitolilytica strain SN82F48 
Accession No. KX845570 chromosome 1, complete 
sequence. Subsequently next homologue was 
found to be uncultured bacterium clone Ap. ba-
FDM- HN-1-46 16S ribosomal RNA gene, partial 
sequence. 

COnCLUSIOn
 Based on the validation data outcome 
concluded that, to maintain the quality of water 
periodic monitoring should be performed. Periodic 
maintenance and filter replacement will ensure 
the high-quality of microbial control in the water. 
To scrutinize the water quality, samples should be 
analyzed for Total Aerobic Microbial Count (TAMC), 
Total Yeast and Mold Count (TYMC), Escherichia 
coli, Salmonella species, Staphylococcus aureus 
and Pseudomonas aeruginosa. In case of failure, 
investigation should be performed to identify the
exact root cause i,e., filter, RO membrane should 
be replaced and frequency of sanitization shall be
increased to have a better control on microbial 
proliferation.
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