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Abstract

The present work seeks to evaluate the safety and quality of water for injection (WFI) marketed in south-Eastern
Nigeria. The physical, microbiological and chemical qualities of different brands of WFI marketed in south-
eastern Nigeria were evaluated in order to ascertain their quality. A total of one hundred and forty-seven (147)
samples of four different brands of WFI (approximately thirty vials per state) were analysed. All the brands (A, B,
and C) except D conformed to the PH range (5.0-7.0) at room temperature. The PH value of all the brands reduced
when subjected to increased temperature. All the brands were also sterile. All the brands passed the conductivity
test with respect to compendia standard. The study revealed that the various brands of WFI marketed in south-
eastern Nigeria conform to some official limits except for heavy metals. However, WFI in south-eastern Nigeria
are considerably safe.
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1. Introduction

Water is an essential ingredient of various pharmaceutical preparations, also used to clean process equipment. Thus,
it plays a pivotal role in pharmaceutical processing (Hultqvist, 2007). It is, therefore, important that water should
meet set standards given in different official texts. Water is the preferred vehicle because, it is well tolerated by
the body, also easy to administer and has a large solvent capacity. Due to the wide variety of contaminants in mains
water, water for injection must be used as the vehicle for parenteral products.

As parenteral formulations are administered directly to tissues and systemic circulations, they (including their
vehicles) should not vary significantly from physiological PH (WHO, 2003).

Control of chemical purity of water for injection presents few major problems. The critical issue is that of ensuring
consistent microbiological quality with respect to removal of bacteria and their endotoxins (Jahnke, 2001).

The United States pharmacopeia (USP) monograph for water for injection requires the water to: meet all the
requirements for ‘purified water’. That is, it must be obtained by a suitable process and purified by distilled or
reverse osmosis, even equivalent method; it must meet the requirements of the bacterial endotoxin test and contains
not more than 0.25 USP endotoxin units per ml; it must be prepared using suitable means to minimize microbial
growth (USP, 1990).

Distillation and reverse osmosis (RO) are the only acceptable method in the United States pharmacopeia for
producing water for injection. However, in the bulk pharmaceutical and biotechnological industries, ultra-filtration
is employed to minimize endotoxins in those drug substances that are administered parenterally (Patterson et al.,
1991). For some ophthalmic products, such as the ophthalmic irrigation solution, and some inhalation products,
such as sterile water for inhalation, where there are pyrogen specifications, it is expected that water for injection
be used in their formulation. However, for most inhalation and ophthalmic products, purified water is used in their
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formulation. This also applied to topical, cosmetics and oral products (Collentro, 1999). Distillation has been
shown to be effective and the most reliable method in removing endotoxins from contaminated water samples (pH.
Eur., 2005). As with most processes and piece of equipment, it is good practice to know the limitations and
capabilities of the equipment. For instance, stills with high levels of endotoxins in feed water have occasionally
been shown to yield WFI of unacceptable Quality (> 0.25EU/ml).

Thus, this had to evaluate the quality of commercial water for injection in south-eastern Nigeria with respect to
their endotoxin concentration, sterility, chemical impurities and influence of temperature.

2. Results and Discussions

All brands met the filled volume as claimed by their individual manufacturers. Three brands passed their PH test
at varied temperature. The results of the physical qualities of the brands are presented in Table 1 below.

Table 1. Physical qualities of brands of WFI

Brand A Brand B Brand C Sample D
L . Sample in LTP Sample in LTP Sample in LTP Sample in LTSP

Description of container . . . .

container container container container
Physical appearance of Clear, colourless, non- Clear, colourless, non- Clear, colourless, non- Clear, colourless, non-
sample viscous liquid viscous liquid viscous liquid viscous liquid
Filled volume (%) 100.00+0.00 100.00+0.00 111.25+5.54 115.25+2.05
Density (g/ml) 0.998+0.005 0.998+2.50 0.994+0.000 0.998+0.000
pH at 28.9°C 6.46+0.19 6.39+0.06 6.49+0.04 7.46+0.08
Clarity/turbidity at

0.33+0.33 0.33+0.33 0.30+0.88 6.00+0.00

450nm (FTU)

LTSP = Labelled Transparent Soft Plastic; LTP = Labelled Transparent Plastic; FTU = Formazin Turbidity Unit.

Figure 1 below depicts the effect of temperature on the PH of different of the samples as reduction in the PH with
increased temperature may be attributed to leaching of certain substances from the packaging material (Marsh &
Bugusu, 2007).
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Figure 1. Effect of temperature on pH of sample brands

The results in Table 2 showed that all the brands of WFI were sterile which is in line with specification of the
individual monographs on the production of parenterals or vehicles used for their preparation.
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Table 2. Results of sterility test on different media and Mean endotoxin concentrations of samples at 545 nm

Growth medi
Test sample brands rowth media

Soybean casein Thioglycollate Sabouraud
Al +ve +ve +ve
A2 +ve +ve +ve
A3 +ve +ve +ve
A4 +ve +ve +ve
NA -ve -ve -ve
PA +ve +ve +ve
Bl +ve +ve +ve
B2 +ve +ve +ve
B3 +ve +ve +ve
B4 +ve +ve +ve
NB -ve -ve -ve
PB +ve +ve +ve
C1 +ve +ve +ve
C2 +ve +ve +ve
C3 +ve +ve +ve
C4 +ve +ve +ve
NC -ve -ve -ve
PC +ve +ve +ve
D1 +ve +ve +ve
D2 +ve +ve +ve
D3 +ve +ve +ve
D4 +ve +ve +ve
ND -ve -ve -ve
PD +ve +ve +ve
Sample Mean endotoxin concentration (EU/ml)
A -0.0360+0.0001
B -0.0360+0.0000
C -0.036+6.25E-05
D -0.0060+0.0008

N=Negative control; P = Positive control; -ve = Absence of growth/cloudiness; +ve = Presence of
growth/cloudiness.

Table 2 shows the mean endotoxin concentration of different brands of WFI. All brands passed the endotoxin test
since they have their mean concentration below the specified limit (0.25EU/ml).

Figure 2 depicts the concentration of heavy metals in the sample. Cadmium was observed to be of high
concentration in sample brand D whereas chromium was observed to be at least level of concentration. According
to USP, the concentration of heavy metals collectively should be less than or equal to 0.1ppm.
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Figure 2. Mean concentration of heavy metals in sample brands with their £SEM
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All the samples passed the conductivity test analysed on them as they conformed to the specified limit (< 1.3us/cm
at 25°C) as shown in Figure 3 below.
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Figure 3. Conductivity of samples at room temperature

All the brands met the filled volume as claimed by their individual manufacturers. Though brands A and B had the
exact 10ml volume whereas brands C and D had their volumes above the 10ml volume as claimed by their
manufacturers. However, the later agrees more with USP specifications on single dose preparation which should
contain sufficient volume of injection readily to permit the withdrawal and administration of the volume specified
on the label (Okore, 2009).

Brands A, B, and C passed their pH test at different temperature except brand D. This suggests the use of sound
purification systems during purification and pre-treatment of pharmaceutical water used in the production of WFI
or that the feed water used complied with the WHO/EPA guidelines on drinking water. This entails that the water
should contain small and safe quantities of potentially objectionable chemical species that are easily removed
during pre- treatment stage (EPA., 2009). For brand D, it could be that the feed water contained large quantities of
chemical species that are of alkaline origin which brings about pollution of the purification and pre-treatment
systems thereby preventing total removal (Okonkwo & Eboatu, 1999).

The reduction in the pH of samples may be attributed to leaching of certain substances from the packaging material
(Marsh & Bugusu, 2007). The compound on which most concern have focused on are bisphenol A (known as BPA)
which is used in polycarbonate products and epoxy resins that line tin cans, and a group of plastic softer called
phthalates (Goulas et al., 2008).

Pharmaceuticals should at all times be stored under the recommended conditions, as stated by manufacturing
company. Thus, preventing contamination and deterioration of the product (BP, 2009). However, none of the
sample brands had their pH value below 5.0 when subjected to varied temperature. Therefore, they may not pose
threat to life when admixed with any of the pharmaceutical products.

That all the brands passed the endotoxin test probably suggests the use of distillation (a purification process) as
specified in USP and Ph. Eur monographs (Table 2), as being effective in eliminating these heat labile, non-volatile
lipopolysaccharides (Henry, 2009).

All the brands passed the sterility test, which suggests that proper sterilisation process was strictly adhered to
during pre -treatment of the source water used in their production. Also, there could be reduction if not entirely
absence of pipe dead legs during construction of the stainless pipes. It also suggests adequate and proper
sanitisation of the purification and pre -treatment systems used in their environment.

None of the samples passed the heavy metal tests and this suggests that there could be a serious environmental
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effect of heavy metal on the water body where the source water is gotten. Consequently, its high availability may
foul the efficiency of the pre -treatment systems used in during production. Contamination of these products by
heavy metals and alkaline chemicals is influenced by environmental pollution through source water (Okonkwo &
Eboatu, 1999).

All the samples also passed the conductivity test analysed on them as they conform to the specified limit (<
1.3us/cm at 25°C) as stated in the individual monographs on WFI. This suggests reduction in the chemical
impurities in source water which was easily removed during pre-treatment stage. However, this contradicts a study
conducted by Nduka and Olisakwe (2007) physicochemical parameters and contaminants in Warri metropolitan’s
water supply. Heavy metals were found to be of lowest concentration in bore hole water supplies, except their
acidic pH values, well water samples were found to have high conductivity.

In all, the comparison of these brands, based on their quality with respect to the specified limits on WFI from the
Chi-square distribution at 95% significant level suggests that, they are not significantly different.

3. Materials and Methods

The sample size was determined by cumulative distribution function. Xi, i= 1, 2... n were independent observations
taken from a normal distribution with unknown mean p and known variance 62. Two hypotheses were considered,
a null hypothesis: HO: p = 0 and an alternative hypothesis: H1: p = p*

3.1 Determination of Physical Qualities
Samples and their packages were observed, their label, colour and nature of content were noted.

Filled volume was carried out by dividing measured volume with claimed volume before multiplying by 100
percent. Density was also carried out by dividing the exact weight of 1ml of the samples with their respective
volume (1ml). The PH at different temperature (including the room temperature) were determined using PH meter
and water bath.

3.2 Determination of Microbiological Qualities
3.2.1 Endotoxin Test

Endotoxin concentration of the samples were evaluated. The sample and reagent preparation were done according
to the manufacturer’s specifications. Hundred micro litters of each of the dilutions were dispersed into endotoxin
free vials, mixed thoroughly for 30 seconds with a vortexer. Hundred microliters of reagent water were dispensed
into endotoxin free vials in replicates. Hundred microliters of reconstituted limulus amoebocyte lysate were added
to each vial. They were incubated again for 45 minutes at 37+1°C. Then hundred microliters of reconstituted
chromogenic substrate solution was added to each vial, swirled gently avoiding foaming. They were incubated
again for 6 minutes at 37+1°C. Five hundred microliters of 25% acetic acid in endotoxin free water was added to
the vials after incubation. The absorbance of each reaction vial was read at 545nm.

3.2.2 Sterility Testing

The sterility of the test samples were evaluated using direct inoculation on three different media namely: soybean
casein digest, fluid thioglycollate and sabouraud media. A twenty-four-hour culture of test organisms were carried
out to ensure the nutritive strength of the broth media in enhancing the growth of test organisms used. Double
strength media were prepared and kept for 48 hours at 37°C before use to check for chance contamination. The
samples were aseptically transferred into the broth media under biosafety cabinet. Control tests were carried out
at same time and all were incubated according to their requirements.

3.3 Determination of Chemical Qualities

Heavy metals were first analysed using spectrophotometer at different wavelengths. The heavy metals analysed
include: mercury at 574nm, cadmium at 576nm, chromium at 540nm, and lead at 514nm. Inorganic impurities
were determined using temperature/conductivity meter.

4. Data Analysis
The data were analysed using Chi-square distribution at 95% level of significance and regression analysis.
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