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INTRODUCTION

Fecal indicator bacteria (FIB) including total coliforms (TCs) 
and fecal coliforms (FCs) as well as fecal streptococci (FS) 
are used as traditional bacterial indicators for judging and 
verifying the possible presence or absence of pathogenic 
micro-organisms in drinking water.[1-3] However, the test of 
FIB requires trained technicians and developed laboratory 

Address for correspondence: 
Dr. Mahnaz Nikaeen, Environment Research Center, 
School of Health, Isfahan University of Medical 
Sciences, Isfahan, Iran. 
E-mail: Nikaeen@hlth.mui.ac.ir

ABSTRACT

Aims: The object of this study was to assess the usefulness of the H2S test for 
detection of fecal pollution of water in comparison to fecal indicator bacteria (FIB). 
Materials and Methods: A total of 70 raw water samples were collected from 
drinking water sources in Isfahan province of Iran, aseptically in sterile containers 
during May-October 2012.The modified H2S test medium of Manja et al. was 
used except that L-cysteine was added as an additional medium component. 
Total coliforms (TCs), fecal coliforms (FCs), and fecal streptococci (FS) were 
also estimated by multiple-tube fermentation method. Statistical analyses were 
carried out using SPSS 20 at the 95% confidence level (α = 0.05).
Results: It was found that out of 70 water samples assessed, 48.3%, 30.0%, 
34.6%, and 32.9% of the samples were positive for TCs, FCs, FS, and H2S, 
respectively. Analysis of data showed that 95.6%, 69.5%, and 76.9% of water 
samples, which were positive for H2S test were also positive for TCs, FCs, and 
FS, respectively. The H2S test was found to have the highest accuracy for the 
detection of FS, but it was not a suitable indicator for the prediction of FCs.
Conclusions: Our results showed that H2S test is not a suitable alternative 
approach for routine water quality monitoring. However, the H2S test could be 
used as an easy and economic test to assess the quality of drinking water in 
communities where manpower and sophisticated equipment are inadequate. 
More laboratory and field studies are required to assess the reliability of the 
method as an alternative method of traditional indicators.

Key words: Fecal indicator bacteria, H2S test, microbial quality, water sources

Environment Research Center, Isfahan University 
of Medical Sciences (IUMS), Isfahan, Iran and 
Department of Environmental Health Engineering, 
School of Health, IUMS, Isfahan, Iran, 1Vice-
chancelleries for Health, Isfahan University of 
Medical Sciences, Isfahan, Iran, 2Department of 
Epidemiology and Biostatistics, School of Health, 
Isfahan University of Medical Sciences, Isfahan, 
Iran, 3Food Security Research Center, Isfahan 
University of Medical Sciences, Isfahan, Iran

Efficiency evaluation of hydrogen sulfide-producing 
bacteria as an indicator in the assessment of microbial 

quality of water sources 

Ali Shahryari, Mahnaz Nikaeen, Mehdi Hajiannejad, Maryam Hatamzadeh, Zahra Moosavian Kachuei1, 
Hussein Saffari1, Akbar Hassanzadeh2, Mohammad Jalali3

original article

This article may be cited as:
Shahryari A, Nikaeen M, Hajiannejad M, Hatamzadeh M, Kachuei ZM, Saffari H, et al. Efficiency evaluation of hydrogen sulfide-producing bacteria as 
an indicator in the assessment of microbial quality of water sources. Int J Env Health Eng 2014;3:25.

[Downloaded free from http://www.ijehe.org on Thursday, February 2, 2023, IP: 5.238.148.21]



Shahryari, et al.: H2S producing bacteria as a microbial indicator

International Journal of Environmental Health Engineering  |  Vol. 3  •  Issue 2  |  March-April 201454

equipment. In developing countries, particularly in thinly 
populated remote areas, lack of access to manpower and 
laboratory facilities is an obstacle to control and monitoring 
of microbiological quality of drinking water.[4,5] Under this 
situation, therefore, development of simple, rapid, and 
reliable methods to determine the fecal pollution of water 
samples are required.[4]

Hydrogen sulfide (H2S) test as a reliable and inexpensive 
method for the detection of fecal pollution in drinking water 
could overcome this problem.[6] Many H2S-producing bacteria 
are of fecal origin such as Citrobacter freundii, Salmonella 
typhimurium, Proteus mirabilis, Proteus vulgaris, Clostridium 
perfringens, and some species of Arizona, Klebsiella, 
and Escherichia coli. This test typically is performed with 
10-100 mL of water samples inoculated into H2S bottles 
and incubated at room temperature. Blackening of content 
in bottles due to reducing sulfate and other oxidized forms 
of sulfur indicates the fecal pollution of the water sample 
analyzed.[4,6-10]

Several researchers have attempted to determine the 
reliability of the H2S test in the detection of fecal pollution 
in drinking water. Their investigation revealed that there 
is a good correlation between the H2S test and traditional 
bacterial indicators.[5,6,10-18] Kromoredjo and Fujioka (1991) 
reported that the H2S test is more efficient than the coliform 
test,[8] and Pathak and Gopal (2005) also demonstrated that 
the H2S test is a sensitive and reliable test for the screening 
of bacteriological quality of water, particularly in emergency 
conditions such as outbreaks of water-borne infectious 
diseases.[7] The H2S test is also recommended as a sufficiently 
reliable test in the field or at the village level without any 
skilled personnel[19] and could be used in many developing 
countries in emergencies for the detection of fecal pollution 
of drinking water.[20] Nair et al. concluded that in developing 
countries where the acceptable level of TCs is <10 MPN 
(most probable number), the H2S method would be a good 
test to identify microbial pollution as a screening test for 
drinking water quality.[14]

However, the H2S method has not been validated by 
the scientific communities such as the World Health 
organization (WHO).[21] Sobsey and Pfaender (2003) 
described that false-positive results in the H2S test are a 
particular concern and recommended its use with caution, 
only where other alternative tests are infeasible.[4] In 
addition, Pathak and Gopal (2005) indicated that to improve 
the acceptability and authenticity of the H2S test, more 
laboratory and field studies are required.[7] Wright et al. 
described that the accuracy and particularly specificity 
of the H2S test is variable, and as optimal conditions for 
conducting the test remain unclear, they recommend that its 
performance be evaluated relative to standard methods, prior 
to its application in a new setting.[22] Based on these results 
and the WHO recommendation for further data about the 
usefulness of the H2S test as an indicator,[4] this study was 

designed to assess the possibility of using the H2S test as an 
indicator in the determination of fecal pollution of drinking 
water sources in comparison with FIB.

MATERIAL AND METHODS

This study was carried out over a seven-month period from 
May to November 2012. A total of 70 samples were taken from 
drinking water sources including well, spring, aqueduct, and 
river in Isfahan province, central part of Iran, with a semidry 
climate. In sterilized glass bottles, 500 mL of water samples 
were taken and transferred to the laboratory in an insulated box 
with cooling packs and were analyzed immediately on arrival 
at the laboratory. The microbiological parameters included 
TCs, FCs, and FS as FIB and H2S test as an alternative fecal 
pollution indicator of water. FIB were assessed by multiple-
tube fermentation technique (MFT) using double-strength 
medium in 10 series of tubes; results are reported as the 
MPN per 100 mL according to the Standard Methods for 
the Examination of Water and Wastewater.[23] The media and 
material used included lactose broth, brilliant green lactose 
bile broth, and EC broth for TCs and FCs; azide dextrose 
broth and PSE agar  for FS.[23] Simultaneously, the H2S test was 
performed similar to that of Manja et al. except that L-cysteine 
was added as an additional medium component. The 
concentrated medium used contained 40.0g bacteriological 
grade peptone, 3.0 g dipotassium hydrogen phosphate, 1.5 g 
ferric ammonium citrate, 2.0 g sodium thiosulphate, 0.25 g 
L-cysteine hydrochloride, 2 mL liquid detergent (Teepol), and 
100 mL of water. Then, two mL of H2S medium was added 
into each 30 mL screw cap bottle and sterilized at 121°C for 
15 minutes. Then, 10 mL of water sample was inoculated to 
each H2S medium which was formatted in a 10-tube MPN 
arrangement and incubated at 37°C for 24 to 48 hours. Any 
degree of black color in the medium within 24 to 48 hours 
due to iron sulfide precipitation was considered as a positive 
indication of fecal pollution[6,24] and results were reported 
similar to MPN-FIB. Statistical analyses were performed with 
SPSS 20. The relationship between the parameters was tested 
by chi-square and person correlation. A P value of <0.05 was 
consider significant.

RESULTS

In the present study, microbial quality of 70 drinking 
water sources was analyzed by the H2S test in comparison 
to standard microbiological methods. The percentage of 
various samples of water sources that were considered 
microbiologically unacceptable because of the presence of 
analyzed indicators is presented in Table 1. It was found that 
out of 70 water samples assessed 48.3%, 30.0%, 34.6%, and 
32.9% of samples were positive for TCs, FCs, FS, and H2S, 
respectively. The results showed that 50% of the samples 
were contaminated by at least one microbial indicator. To 
identify the possible association between the H2S test and 

[Downloaded free from http://www.ijehe.org on Thursday, February 2, 2023, IP: 5.238.148.21]



Shahryari, et al.: H2S producing bacteria as a microbial indicator

International Journal of Environmental Health Engineering  |  Vol. 3  •  Issue 2  |  March-April 201455

FIB, a correlation analysis was performed and the results are 
presented in Table 2. Table 3, 4, and 5 show the H2S test 
characteristics in comparison to TCs, FCs, and FS tests as 
standard indicator bacteria, respectively.

DISCUSSION

The H2S test is considered as a simple and low-cost alternative 
method to the traditional bacterial indicators in remote 
areas for which laboratory equipment for microbial quality 
monitoring of water is not readily available.[6] Analysis of 
data showed that a high positive correlation was found 
between H2S and TCs, FCs, and FS, respectively [Table 2]. 
The Rijal and Fujioka (1995) study showed a significant 
correlation between the H2S test and FIB. They found that 
the MPN-H2S was always equal to or exceeded the MPN-TC 
and MPN-FC count in their test.[25] According to the chi-
square analysis, 95.6%, 69.5%, and 76.9% of water samples 
which were positive for H2S test were also positive for TCs, 
FCs, and FS, respectively. Castillo et al. (1994) and Ratto 
et al. (1997) reported that the agreement between the H2S 
and TC is 75.0% and 87.5%, respectively.[11,26] Although the 
highest agreement was observed between positive samples 
of the H2S test and TCs, the H2S test was found to have the 
highest accuracy for the detection of FS. This observation 
is supported by Ramteke (1995) from three alternative 
tests for the detection of bacteriological water quality 
indicators.[27] Therefore, the H2S test could be a useful 
indicator for the presence or absence of FS [Tables 3-5]. 

False-positive results were seen as H2S-positive samples were 
found to not contain TCs, FCs, and FS in 1.4%, 10%, and 
8.6% of the samples, respectively. Previous studies applying 
the H2S test to groundwater samples have also demonstrated 
false-positive results, where H2S-positive samples contained 
no FCs.[24,28] The positive H2S test in samples that contained 
no detectable coliforms and FS could be a result of the 
presence of heterotrophic bacteria which have the ability 
to produce a positive H2S test. False-negative results also 
were seen as H2S-negative samples were found to contain 
TCs, FCs, and FS in 17.1%, 7.1%, and 5.7% of the samples, 
respectively [Tables 3-5]. Similar results were obtained by 
Nair et al. who reported false-negative results in some samples 
containing low level of coliform bacteria,<5 CFU/100 mL.[14] 
In the study of Genthe and Franck (1999) false-positive and 
false-negative results of the H2S test were observed in 4.9% 
of the samples as compared with MPN test of FCs. However, 
a false positive is less likely to lead to a risk of disease and 
could be conservative in terms of human safety. In contrast, 
there is a great concern about the false-negative results of 
alternative indicators such as the H2S test. In this case, the 
alternative indicator dose is not able to identify fecal polluted 
water and the water could be consumed.[13]

The observation of H2S data revealed that this method has the 
highest sensitivity (83.2%) for the detection of FS. However, 

Table 1: Detection of indicator organisms in various samples
Source No of 

samples
% of positive samples

TC FC FS H2S
Well 40 42.5 20.0 26.7 27.5
Spring 10 40.0 30.0 33.3 20.0
Aqueduct 15 60.0 46.7 54.5 53.3
River 5 80.0 60.0 40.4 40.0
Total 70 48.3 30.0 34.6 32.9
FC: Fecal coliform, FS: Fecal streptococci, H2S: Hydrogen sulfide,  
TC: Total coliform

Table 2: Correlation matrix of analyzed microbial indicators
H2S FS FC

TCs 0.805** 0.767** 0.851**
FCs 0.797** 0.833**
FS 0.792**
**Starred correlations are significant at P < 0.001, FCs: Fecal coliforms, 
FS: Fecal streptococci, H2S: Hydrogen sulfide, TC: Total coliform

Table 3: Comparison of sensitivity, specificity, positive 
predictive value, negative predictive value of H2S test 
with total coliforms

Multiple-tube test (total coliforms)
Positive Negative Total

H2S test Positive 22 1 23
Negative 12 35 47

Total 34 36 70
Sensitivity 64.7% Positive predictive value 95.65%
Specificity 97.22% Negative predictive value 74.46%
H2S: Hydrogen sulfide

Table 4: Comparison of sensitivity, specificity, positive 
predictive value, negative predictive value of H2S test 
with fecal coliforms

Multiple-tube test (FC)
Positive Negative Total

H2S test Positive 16 7 23
Negative 5 42 47

Total 21 49 70
Sensitivity 76.19 Positive predictive value 69.56
Specificity 85.71 Negative predictive value 89.36

Table 5: Comparison of sensitivity, specificity, positive 
predictive value, negative predictive value of H2S test 
with fecal streptococcocci

Multiple-tube test (FS)
Positive Negative Total

H2S test Positive 20 6 26
Negative 4 40 44

Total 24 46 70
Sensitivity 83.23 Positive predictive value 76.92
Specificity 88.23 Negative predictive value 90.91

the highest specificity of the H2S test was observed in the 
detection of TCs. A study conducted by Anwar et al. reported 
that H2S strip test is 87.24% sensitive and 100% specific for 
the detection of bacterial contamination of water with a 
positive predictive value of 100% and a negative predictive 
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value of 76.25%. In addition, the samples which were negative 
for TCs by multiple-tube method were also negative by the 
H2S strip method.[12] Sensitivity and specificity of the H2S 
test was 76.19% and 85.71%, respectively, for the detection of 
FCs contamination of water with a positive predictive value 
of 69.56% and a negative predictive value of 89.36% [Table 4]. 
Mack and Hewison (1988) reported that for an H2S test to be 
useful, the sensitivity and specificity should be 80% at least, 
and the positive predictive value and negative predictive 
value should be 100% to accurately screen the water samples. 
However, they received a sensitivity and specificity of 61.5% 
and 62.9%, respectively, with the H2S method in the analysis 
of drinking water samples.[29] Although in our results, both 
sensitivity and specificity of the H2S for FS detection was 
above the value recommended by Mack and Hewison, (1988) 
positive predictive value (PPV) and negative predictive value 
(NPV) were less than 100%. In general, the results show that 
the presence or absence of FS is most accurately indicated by 
the H2S test. Several studies have proved that FS are better 
predictive indicators of drinking water quality.[27] However, 
H2S producing bacteria are not suitable alternative approach 
for routine water quality monitoring. 

For the H2S bacteria test to be an acceptable tool to evaluate 
water quality for the presence or absence of fecal pollution, 
data are needed indicating the micro-organisms that produce 
positive results in the test and conditions under which 
test results indicate actual fecal contamination of water; 
ultimately, a quantitative version of the test is needed to 
estimate the magnitude of fecal contamination.[10] Analysis 
of the data showed that there is no statistical significant 
difference (P>0.05) between all four methods (TCs, FCs, 
FS, and H2S tests) in detection rate of positive water samples. 
This result supports the finding of the study reported by 
Ramteke which showed that all three methods (TCs, FS, 
and H2S tests) detected the presence of indicator bacteria 
in water samples obtained from the spring, stream, and 
groundwater.[27] The highest percent of positive H2S test was 
found in aqueduct and river samples. The result is consistent 
with Pathak and Gopal who reported that maximum 
H2S-positive (100%) results were found in open well and 
surface water samples. They reported that H2S test-positive 
samples are more than those of coliform and FC tests for 
untreated drinking water and may provide a greater margin 
to consumers than the coliform test.[7] 

CONCLUSION

In general, our results show that the H2S test is not a 
suitable alternative approach for routine water quality 
monitoring. However, the H2S test could be used as an easy 
and economical test to assess the quality of drinking water in 
communities where manpower and sophisticated equipment 
are inadequate. More laboratory and field studies are required 
to assess the reliability of the method as an alternative to 
traditional indicators.
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