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Abstract 
The presence of human pathogens in water indicates the sanitary risk associated with different 
types of water utilization. This study surveyed the sources of human pathogens in urban waters.  
In order to evaluate the microbiological water quality of urban water, the enumeration of various 
indicator bacteria (total coliform, fecal coliform, E.coli and enterococci) is usually used.  
 
The abundance of indicator bacteria in urban water indicates the level of fecal contamination and 
the presence of other human pathogens such as protozoan pathogens (Giardia lamblia & 
Cryptosporidium parvum).  
 
Fecal pollution of urban waters can be from human and animal origin. Point sources and non- 
point sources of contamination can be differentiated. Major point sources of fecal 
contamination in an urbanized area are the effluents of urban wastewater treatment plants. 
While non- point sources are usually originated from diffuse sources such as (runoff from 
roads, parking lots, pets, leaks, failing septic systems, and illegal sewer connections to storm 
drains). Urban stormwater is considered as a major carrier for delivering human pathogens 
from diffuse sources to receiving waters. Increases in urban stormwater volumes have resulted 
from increasing urbanisation and growth of impervious surfaces. 
 
In order to reduce high amounts of human pathogens in urban waters, different methods are used 
nowadays to develop urban wastewater treatment plants technologies and urban stormwater 
management practices. 
 
Key words: Indicator bacteria, E.coli, enterococci, fecal coliform, total coliform, Giardia & 
Cryptosporidium, urban wastewater treatment plants, urban stormwater. 
 
Introduction 
The contamination of urban waters with human feces represents a significant risk to public health 
due to the possible presence of human enteric pathogens. Poor water quality, especially human 
pathogen contaminated water, can cause illnesses such as gastroenteritis (characterized by 
vomiting, diarrhea, abdominal pain or fever) or upper respiratory (ear, nose, and throat) 
infections to exposed swimmers. Highly polluted water can occasionally cause serious diseases 
such as typhoid fever, dysentery, hepatitis, and cholera. [1] 
 
In the process of urbanisation, natural land surfaces are replaced by man made artificial coverage 
such as paved roads, parking lots and roofs. During storms, rainwater flows across these 
impervious surfaces mobilizing contaminants and transporting them to receiving waters. Urban 
stormwater can carry significant amounts of contaminants, including human pathogens from 
diffuse sources to receiving waters. Non-point sources of contaminants are difficult to identify 
and control. Thus they are one of the main reasons that urban waters fail to reach the water 
quality objectives set for them. [2] 
 
Urban wastewater treatment plants are considered the major point sources of human pathogens to 
adjacent receiving waters. Most treatment plants have primary treatment (physical removal of 
contaminants) and secondary treatment (biological removal of contaminants). After primary and 
secondary treatment, municipal wastewater is usually disinfected using chlorine. In recent years 
there are efforts from all developed countries to implement the tertiary treatment methods for all 
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wastewater treatment plants. Different methods such as (UV disinfections, membrane filtration, 
constructed wetlands) are nowadays the most efficiency tertiary wastewater treatment 
methods.[3]     
 
Fecal pollution is detected by using indicator bacteria such as (total coliform, fecal coliform, 
E.coli, and enterococci). Indicator bacteria are present in large numbers in the gastrointestinal 
tract of almost all worm blooded animals. The occurrence of indicator bacteria shows the 
presence of other pathogenic organisms such as protozoan pathogens (Giardia lumblia & 
Cryptosporidium parvum). [4]   

Purpose 
The purpose of the present study was to determine the major sources of human pathogens in 
urban waters. Further to show the fate and removal efficiency of human pathogens in both urban 
wastewater treatment plants and urban storm water wetlands.  
 
1. Fecal indicator bacteria 
Fecal indicator bacteria are present in large numbers in the gastrointestinal tracts of almost all 
warm - blooded animals. They are used to monitor microbial water quality. This is because it’s 
difficult to measure human pathogens directly. [4] 
 
Ideally, bacterial indicators are:  

• Nonpathogenic  
• Rapidly detected  
• Easily enumerated  
• Have survival characteristics that are similar to human pathogens  
• Can be strongly associated with the presence of human pathogens. [5]  

 
There is no universal agreement on which indicator bacteria is most useful. Thus different 
indicators are used by water quality programs in different countries and regions. Today the 
most commonly measured bacterial indicators are total coliform, fecal coliform, E.coli and 
enterococci. [6]  
 
It may be that appropriate indicator bacteria can only be defined to limited areas. This is 
because of the changes in environmental parameters, such as (sunlight, salinity, temperature, 
levels of suspended solids and types of wastewater inputs, etc.). [6]  
 
1.1  Total & fecal coliforms 
Total Coliform includes all:  

• Aerobic and facultative anaerobic,  
• Gram-negative,  
• Nonspore-forming,  
• Rod-shaped bacteria that ferment lactose with gas and acid formation within 48 hours at 

35°C. [7] 
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        Fig 1: Colonies of coliforms [8]                                               Fig 2: E. coli [8]             
 
Fecal Coliforms are defined as those Coliforms which respond at an elevated temperature of 
44.5°C. Thus a more accurate name for organisms which show positive on the fecal coliforms 
test would be heat tolerant Coliforms. [7] 

 
Coliforms are part of the intestinal flora of mammals and other animals. The quantity of fecal 
coliform that an average human excretes daily in feces varies between 10×106 and 40×106 cfu/ 
100ml. [9]   
 
Total & fecal coliforms have been used for many years as indicators. In recent years scientists 
have learned more about coliforms. They found that coliforms ecology, prevalence and 
resistance to stressors differ from the human pathogens that they are proxy for. [5] Further fecal 
coliforms have been found in ambient waters in the absence of fecal pollution. They may 
establish viable populations when high levels of carbohydrates are available as nutrient source. 
[4][10] Therefore additional microbes have been suggested for use as alternative indicators 
including E. coli and enterococci. [5]  
 
1.2  Escherichia coli (E.coli) 
Escherichia coli is one of the USEPA (US Environmental Protection Agency) recommended 
indicator bacteria for fresh water systems. It is a sensitive measure of fecal pollution since it is 
common to almost all warm-blooded animals, including human. [11] It is rod shaped with a 
diameter of about 2.6 - 6.0 µm [12] and has optimal growth temperature between (35 – 
37°C).[13]  
 
Many states are changing microbiological water quality standards based on fecal or (ThCs) 
thermotolerant coliforms with new standards that employ E.coli as the indicator bacteria. [13] 
This is because: 

• E.coli is the only fecal coliform bacteria of the true fecal origin. 
• It’s present in large numbers (approximately 109colonies/g, depending on the 

animal source) in feces of worm- blooded animals. 
• It survives longer than some bacterial pathogens  
• It is resistant to reproduce outside the host under typical environmental conditions 
• It can be detected and quantified simply and affordably. [13] 
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For these reasons current guidance from the (USEPA) have suggested new E. coli criteria 
(63% of the ThC density) to provide equivalent levels of protection from waterborne pathogens. 
Thus standards that once established an acceptable geometric mean ThC density of 200 cfu/100 
ml (for 5–10 samples) should adopt an E. coli geometric mean standard of 126 cfu/100 ml. While 
a single sample maximum ThC standard of 1000 cfu/100ml should be equivalent to an E. coli 
density of 630 cfu/100 ml. [13] 
   
1.3  Enterococci  
All fecal streptococci that grow at pH 9.6, 10° to 45°C and in 6.5% NaCl are members of the 
enterococcus group. The enterococci are a subset of fecal streptococci that can grow under the 
conditions outlined above. Alternatively, enterococci can be directly identified as microorganism 
capable of aerobic growth at 44±0.5°C. They have been used as indicator of fecal pollution 
especially in marine environments and recreational waters. [5] They are believed to provide a 
higher correlation than fecal coliform with many of the human pathogens often found in fecal 
pollution. This is because they are more tolerant to seawater stressors than coliforms bacteria. 
[14] In general enterococci are round in shape with a diameter less than 2.0µm. [12]  
 

2. Protozoan human pathogens 
Protozoan human pathogens are single cell organisms. They are varying in size from 2 to 100 
micrometers. Cryptosporidium parvum and Giardia lamblia have been identified as protozoan 
human pathogens that can cause diarrhea illness. Oocysts of Cryptosporidium and cysts of 
Giardia occur in the aquatic environment throughout the world. They have been found in most 
surface waters, where their concentration is related to the level of fecal pollution or human use 
of the water. [15] They can reproduce easily and rapidly inside the host. [16] Therefore only 30 
Cryptosporidium oocysts or 10 Giardia cysts can infect human. [15]  
 
The most common route of transmission of these protozoa is through ingestion such as 
swallowing contaminated recreational or drinking water. Cryptosporidium oocyst is round 4 – 
6 µm in diameter. Giardia cyst is oval, 8 - 12 µm long and 7 – 10 µm wide. [16] They are 
commonly found in areas impacted by sewage or discharge from wastewater treatment plants 
and animals. [17] 
 
Oocysts and cysts can survive for months in surface water. Under natural conditions, the die-off 
rate of Cryptosporidium oocysts in water is 0.005–0.037 log10-units per day. For Giardia, the die-
off rate is higher and more temperature-dependent, varying between 0.015 log10-units per day at 
1º C and 0.28 log10-units per day at 23º C. [18] 
 
3. Urban stormwater  

 
3.1  Introduction 
Urban stormwater pollution is pollution that runs off urban landscapes and into storm drains as a 
result of rainfall and snowmelt events. Stormwater pollution differs from more conventional 
pollution sources that are discharged from a separate source (such as a treatment plant) and are 
more easily identified for control measures. [19] 
 
Urban storm water is defined as runoff from urban areas, including the major flows during and 
following rain, as well as dry-weather flows. [20]  
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There are many factors influence the quantity of stormwater and the contaminants that are 
transported by such as: 

• Duration and intensity of rainfall 
• Proportion of impervious surfaces 
• Shape of the land  
• Land use 
• Design and management of stormwater systems.[20] 

 
Urban stormwater in storm sewers often shows fecal indicator bacteria levels excess of criterion 
levels for human contact with the waters they contain. [21] McLellan et al. indicated that levels 
of E.coli in urban stormwater collected directly from the parking lot surfaces were as high as 
50,000 cfu/100 ml. [22] 
 
High levels of fecal indicator bacteria in urban stormwater result from numerous possible causes 
such as:  

• Illicit connections to storm sewers  
• Leakage in sanitary sewage pipes  
• Non sanitary sewage sources including feces from domestic pets’ populations and urban 

wildlife. [23] 
 
The amount of fecal indicator bacteria present in urban stormwater can generally be correlated to 
the amount of impervious cover. Imperviousness leads to rise in both volume and velocity of 
water. Thus it raises the peak flow and duration. Further it changes sediment loads in urban 
stormwater runoff causing larger amounts of fecal indicator bacteria. [24] Impervious surfaces 
such as rooftops and parking lots were found to harbor fecal coliforms levels as high as 100 000 
cfu/100 ml. [25] 
 
3.2 Non human sources of pathogens 
Urban stormwater is expected to carry fecal indicator bacteria from many types of host animals 
that considered as individual host groups. However when these individual groups combine, they 
comprise a big portion of fecal pollution in urban waters. [11] 
 
Parks in urban setting tend to experience high traffic of dogs. Fecal material is frequently left on 
the ground rather than being properly disposed off. [26] Ellis estimated that dogs produce a daily 
fecal output of 100 to 200 g per dog. Thus the 6.5 to 7.5 million dogs in the UK produce 1000 
tones of faeces every day. [24] Ram et al. found that E.coli levels exceeded 10,000 cfu/100 ml in 
two storm sewers located on Buckingham road and Sheridan drive in Ann Arbor, Michigan 
during dry weather. Even there were no leakings or illegal connections to storm sewers from 
residences in the neighborhoods. They suggested that pets and raccoons were the primary fecal 
bacteria sources at both storm sewers. [21] 
  
Bird feces can contribute fecal pollution to urban waters. [27] Serrano et al. observed that fecal 
coliform levels in a freshwater pond Lake Edmonds, South Carolina increase with the arrival of 
migratory birds. [28] 
McLellan et al. found that gulls have a weight of high fecal coliforms in their gastrointestinal 
tract with an average of 3.7 × 106 fecal coliform/g of fecal material. Gulls contribute 
significantly to E.coli levels in water when they are present. This is because the majority of fecal 
coliforms in gulls are E.coli. [25]  
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Fecal indicator bacteria loading rates for birds vary widely depending on species, habitat, 
diet, and feeding habitat. For instance fecal coliform loading rates for wild swan and Canadian 
geese of (106 to 109) and (104 to 107) MPN/ bird/ day respectively, while for several gull species 
in the range of (106 to 107) MPN/bird/day. [27] Mallard ducks (Anas Platryrhinchos) were 
reported to drop an average of 7.83 × 1010 MPN of fecal coliforms per gram of feces. [29] 
Typical feral pigeon densities in UK urban areas are between (10 to 200) per flock which can 
generate 0.5 × 106 MPN of fecal coliform per gram of host feces and can produce wet weather 
concentrations of 0.5 to 1.2 × 106 MPN of fecal coliform/100ml. Waterfowl which are frequently 
resident in urban flood storage basins generate typical fecal coliform densities of 3.3 × 107 
MPN/g. .[30] 
 
The occurrence of Cryptosporidium in birds’ fecal droppings can be as high as 90 %. Graczyk et 
al. indicated that the concentrations of Cryptosporidium parvum oocyts and Giardia cysts in fecal 
droppings of migratory Canada geese were 3.7×103/g and 4.1×103/g respectively. While In 
migratory ducks were 4.8×102/g and 4.4×104/g respectively. [31] 
 
4. Microbial partitioning 
 
4.1 Introduction 
The degree to which microbes in the water column associate with settleable particles has 
important implications for microbial transport in receiving waters, as well as for microbial 
removal via sedimentation such as in detention basins. Microbes in the water column may 
associate with particles or remain in the free phase. Microbes associate with denser inorganic 
particles tend to settle quickly in the sediment. While the free microbes or those which associate 
with less dense particles remain more movable in the water column. Characklis et al. indicated 
that microbial association with settleable particles varies by type of microbe. Further the 
partitioning behavior of each microbe generally changes between dry weather and storm 
conditions. As a result they found that bacterial indicators (fecal coliform, E.coli and 
enterococci) exhibited relatively consistent behavior with settleable particles with an average of 
20 - 35% of microbes associated with settleable particles in dry weather samples and 30 – 55% 
in storm samples. [32] While protozoan human pathogens (Giardia & Cryptosporidium) were 
found to associate with settleable particles with an average up to 70%. [30] 
 
Partitioning can impact not only microbial fate and transport. Nonetheless it can impact the 
length of time that human pathogens remain a threat to public health. This is due to the bacteria 
that have settled to bottom sediment may experience a more encouraging chemical and 
biological microenvironment which can prolong bacterial survival. Prolonged survival of 
bacteria poses a potential risk for recontamination of water column through bacterial 
resuspension prior to die-off. Thus an epidemiological field study indicated that the risk of 
gastrointestinal illness appeared to correlate with the number of E.coli associated with particles 
larger than 3µm in diameter, but not with the total number of E.coli in the water column. [33]  
 
 
4.2 Distribution of indicator bacteria among particle sizes 
Fecal coliform, E.coli and enterococci associate with particles in the range of 5 - 30µm. Fecal 
coliform and E.coli attach to particle sizes larger than 5µm in diameter. While the majority of 
enterococci associate with particles in the range of 10 - 30 µm. This may be due to the: 

• Physical size and shape of the bacteria itself.  
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• Outer bacterial cell structure and exocellular polysaccharide material.[12] 
For instance motile bacteria with a rod shape like E.coli can adsorb at several faces or angles, 

such as an edge to face and face-to-face position. This provides opportunity for the E. coli group 
to attach on to diverse particle sizes. [12] 
 
Jeng et al. divided all suspended particles in to two size groups, small (0.45 - 30µm) and large (> 
30µm). They found that 95.2% and 96.8% of fecal coliform and E.coli respectively were 
associated with small-suspended particles and only 4.8% and 3.2% were associated with large 
suspended particles. While 97.4% of enterococci were associated with small suspended particles 
and 2.6% were associated with large suspended particles [12] 
 
4.3 Partitioning of indicator bacteria to settleable particles 
Characklis et al. employed a calibrated centrifugation technique based on standardized particle 
suspensions to quantify the partitioning of indicator bacteria to denser settleable particles in the 
water column of receiving waters under dry and wet weather conditions. They used glass 
particles (5–50 µm size range, density of 2.5 g/cm3) in the experiment as a surrogate for 
inorganic particles such as clays or silicates. While latex particles (10 µm mean diameter, density 
of 1.05 g/cm3) were used as a surrogate for organic particles and free-phase microorganisms. As 
a result they found that over 97% of glass particles removed by the centrifugation procedure 
(approximately 50% removal of 5µm particles and >90% removal of all particles larger than 
8µm). In contrast they initiated that over 80% of latex particles remained in suspension. They 
also estimated fecal coliform, E.coli and enterococci as settled to the bottom sediment to be with 
in the range of 20–35% of indicator bacteria associated with these particles in background 
samples and 30–55% in storm samples. [32] 
  
Higher concentrations of both settleable particles and microbes entering the water column soon 
after the onset of a storm led to higher loading rates of settleable microbes in the storm’s earliest 
stages. This trend may possibly have important implications for the design of stormwater 
management structures (e.g. detention basins). Krometis et al. initiated that the concentrations of 
both settleable and suspended fecal coliforms varied through the duration of individual storm 
event. They found that the settleable concentrations of indicator bacteria were highest in the 
beginning of the storm. Thus they described an individual storm event in terms of three separate 
hydrograph stages:  

(1) The rising limb: the period of time from the beginning of hydrograph flow to one hour  
before peak flow 

(2) Peak: one hour before the maximum flow until one hour after the maximum flow 
(3) Recession: one hour after the peak flow until flow returns to baseline levels (Fig 3). [30] 
This means that settleable concentrations of indicator bacteria are generally highest directly 

after storm event to 1 hour before the peak flow. After that the maximum flow will reduce until 1 
hour after the peak flow. Then the flow reduces until it returns to baseline levels. [32] 
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                          * Average background (dry weather) values 
 

Fig. 3: Sampling times and fecal coliform concentrations for one storm event through three 
separate hydrograph stages. This figure was obtained from a study performed at the Eno River 
in North Carolina, USA [30]. 

                    
4.4 Concentration of indicator bacteria in water column  
Jeng et al. evaluated the microbial contamination resulting from urban stormwater runoff into the 
Lake Pontchartrain estuary, Louisiana. They estimated the fraction of indicator bacteria attached 
to suspended particles and the concentration of indicator bacteria remained free in water column 
during two rain events. They concluded from their results that the fraction of fecal coliform, 
E.coli and enterococci attached to suspended particles was within the range of 9.8 - 27.5%, 21.8- 
30.4%, and 8.4 -11.5% of the total indicator bacteria in the stormwater loaded into the estuary, 
respectively. While about 75 - 80% of the total indicator bacteria were remained free-floating for 
some distance in the water column before dying off (Table 1). They also indicated that fecal 
indicator bacteria attached to suspended particles settle on to the bottom over a 5-h settling 
period. Further they found that elevated indicator bacteria needed to 3-7 days until they returned 
back to their background levels in the water column and sediment, respectively. [12] 
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Table 1: Distribution of indicator bacteria in water column and suspended particles during two 
stormwater pumped (one in August and the other in October). This table was obtained from a 
study performed in the Lake Pontchartrain estuary which was impacted by urban stormwater 
[12].  

 
Indicator organism 

 
 

 
Stormwater 

pumped 
(1010 
gallons) 
 

 
Total 

concentration 
(MPN/100ml) 
 

 
Water column 
concentration 

(SD) a 

 

 
 
% b 

 
Suspended 
particles 

concentration 
(SD) 

 
 

% 
 

Fecal coliform 
(Thermotolerant) 

 

30.4 
4.49 

40 000 
5000 

36 080 (1120) 
3125 (212) 

87.9 
62.5 

3920(1020) 
1875(108) 

9.8 
27.5 

E.coli 
 

30.4 
4.49 

11 340 
960 

9 015 (522) 
659 (24) 

79.5 
68.7 

2472(196) 
300(62) 

21.8 
30.4 

 
Enterococci 

 
30.4 
4.49 

 
23 182 
3590 

 

 
29 203 (534) 
31 915 (320) 

 

 
83.2 
88.9 

 

 
2913(201) 
483(56) 

 

 
8.3 
11.5 

 
a Average concentration of duplicate tests with standard deviation 
b Percent of adsorption rate 
 
5. Urban stormwater management 
 
5.1 Urban stormwater ponds and wetlands 
In recent years constructed wetlands and detention ponds are the preferred urban stormwater 
management facilities for water quality enhancement. The two systems present different 
treatment processes by virtue of their different macrophyte cover and density, depth and water 
level fluctuation. [34]. 
 

 
                  Fig 4: Urban stormwater pond in Halmstad. Photo. Lars Ohlsson 
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Wong et al. explained the differences between wetlands and ponds. They defined wetlands as 
“shallow (less than 2 m deep) environments that represent the interface between permanent water 
bodies and the land environment. They usually have fluctuating water levels and a regular to 
very erratic drying cycle. While wetlands may also contain pockets of deeper permanent water, 
their characteristic feature is the presence of emergent macrophytes, (large aquatic plants whose 
parts protrude above the waterline). Epiphytes (algae growing on the surface of aquatic 
macrophytes) are often associated with macrophytes in wetland”. While pond as “a term 
generally used to describe a small artificial body of open water, such as a dam or small lake. The 
pond edge may be fringed with emergent macrophytes. While submerged macrophytes may 
occur throughout the water column, the dominant feature is open water. Compared with 
wetlands, ponds are usually more permanent, deeper water bodies with narrow, steep edges”.[35] 
 
Sedimentation is the main physical mechanism of pollutant removal in both wetlands and ponds. 
[32] Bavor et al. found that a large proportion of stormwater sediment bound pollutants such as 
microbes associated with fine particles less than 2µm in size. The long detention period of ponds 
promotes the sedimentation of particles in the large and medium size fractions, but fine particles 
are less effectively settled. In contrast the presence of extensive vegetation in wetlands enhances 
sedimentation of the fine particle fraction as well as removing large and medium sized 
particles.[34]  
 
Bacterial removal efficiency is less effective in the pond system than in the wetland system. 
Davies et al. estimated the geometric means and ranges of inflow and outflow bacterial 
concentrations for the two systems over the period July to December (mid winter to early 
summer in Australia). They found that the mean bacterial removal efficiencies for the wetland 
were 79, 85 and 87% for thermotolerant coliforms, enterococci and heterotrophic bacteria 
respectively. While for the pond were – 2.5, 23 and 22% for the three indicator bacteria 
respectively (Table 2). [36] 

 
Table 2: Weekly stormwater inflow and outflow bacterial concentrations at Plumpton Park 
wetland and Woodcroft water pollution control pond. This table was obtained from a study 
performed in Plumpton and Woodcraft residential areas in Sydney, Australia which were 
impacted by large volumes of urban stormwater [36]. 

Plumpton Park wetland Woodcroft pond Indicators 
bacteria Inflow 

concentration* 
(cfu / 100 ml) 

Outflow 
concentration* 
(cfu / 100 ml) 

Inflow 
concentration* 
(cfu / 100 ml) 

Outflow 
concentration* 
(cfu / 100 ml) 

Thermotolerant 
coliforms 

1.7 × 104 

3.6 ×102 – 3.6×105 

 

3.6 × 103 

2.0 × 102 – 1.2× 105 
7.9 × 103 

1.0 × 102- 1.1 × 106 
8.1 × 103 

89-7.1 × 104 

Enterococci 6.1 × 103 
76-8.5× 104 

 

9.0 × 102 

8-2.4 × 104 
1.2 × 103 

76-2.7 × 104 
9.2 × 102 

89-2.6 × 104 

Heterotrophic 
bacteria 

2.3 × 107 

1.6 ×106 – 9.1× 107 
 

3.0 × 106 
6.8 × 104- 1.3 × 108 

6.3 × 106 

5.5 × 105-2.3 × 108 
4.9 × 106 

3.5 × 105-6.8 × 107 

*Geometric mean and range for 24 samples 
 
Urban stormwater ponds and wetlands are sometimes removing indicator bacteria to a large 
extent and sometimes increasing them. [8] This is due to some factors:  
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• Birds and other animals living on and around the wetlands may function as sources of 
fecal contaminants leading to higher outlet than inlet microbiological levels and thus a 
negative removal. [28]  

• Sediments can also be a source for fecal indicator bacteria especially in clay dominating 
sediments. This is because these bacteria have high life expectancy in clay dominating 
sediments. Further they are associated with the finest particle fraction around 2� m in 
diameter. [36] Thus the resuspension of the sediments can increase the outlet 
microbiological levels (Table 3). [8]  

 
Table 3: Concentrations and removal efficiencies (in %) for the fecal indicator bacteria in storm 
water pond during three storm events. This table was obtained from a study performed in 
Järnbrott pond situated in Göteborg, Sweden [8]. 

Storm event 1 
22/ 10 / 2004 

Storm event 2 
18/ 11 / 2004 

Storm event 3 
24 / 11 / 2004 

Concentration in 
cfu / 100 ml 

Inflow outflow inflow outflow inflow outflow 
Coliforms 126000 57000 37000 73000 23000 37000 

E.coli 9000 9000 9300 4100 4100 7500 
Enterococci n.a.b n.a.b 730a 390a 764 927 

Removal efficiency 
(%) 

 

Coliforms 55 - 100 - 60 
E.coli 0 55 - 85 

Enterococci - 45 - 20 
a Seven days fridge storage before analysis 
b n.a. = not analyzed 
 
 

     
  Fig 5: Inlet of stormwater wetland in Halmstad         Fig 6: Outlet of stormwater wetland in Halmstad 
           Photo. Lars Ohlsson                                             Photo. Lars Ohlsson 
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5.2 Factors affecting bacterial indicator concentrations 
Indicator bacteria and protozoan human pathogens (Cryptosporidium and Giardia) are affected 
by several environmental factors in urban stormwater ponds and wetlands. There are known 
effects from chemical, physical and biological sources that influence bacterial indicators and 
human protozoan pathogens growth, die off and inactivation. [37] These factors are: 
 
5.2.1 Temperature 
Temperature acts an important role in human pathogens growth and dies off. In general indicator 
bacteria survival are prolonged at lower temperatures. While removal rates of these bacteria 
increase with increasing temperature [38] Medema et al. noted that die off of indicator bacteria 
are faster at 15ºC than at 5ºC. They also found that the die off of E.coli and enterococci are 
approximately ten times faster than die off of Cryptosporidium oocysts. [39]  
 
5.2.2 Sunlight 
In general inactivation of indicator bacteria is slower at lower light intensities. The die off rates 
of E.coli and enterococci from exposure to light are similar. Alkan et al. found that variability of 
indicator bacteria (i.e., enterococci and E. coli) die-off due to the effect of sunlight depends on 
the variability of the intensity of light and other small scale environmental factors such as 
turbidity. The exact mechanism whereby human pathogens become non viable after sunlight 
exposure is not completely understandable. Photons can damage DNA or other cellular 
components of the bacteria directly. Photons can also cause damage indirectly by promoting the 
production of free radicals in the presence of dissolved oxygen and organics. [40] Five hours of 
sunlight exposure within the pond is sufficient to reduce the E.coli population effectively. This 
means that the nine-hour pond retention time may decrease E.coli concentration through 
inactivation. [41] 
 
5.2.3 Sedimentation 
Davies et al. assessed the performance of stormwater impoundments and constructed wetlands 
for indicator bacteria reductions by measuring inflow and outflow, with results suggesting that 
sedimentation was a primary mechanism of removal. Thus sedimentation consider as the main 
mechanism of pollutant removal in general in constructed wetlands and ponds. The longer 
detention periods and extensive vegetation in stormwater ponds and wetlands can encourage 
sedimentation. [36] 
 
5.2.4 Salinity 
Salinity can also play a role in the concentrations of indicator bacteria. The die off rate is 
generally much faster in marine and estuarine waters than in freshwater. Fecal coliform, E.coli 
and enterococci have greater inactivation rates with increasing salinities. Yan et al. indicated that 
both light intensity and salinity have significant impacts on the inactivation of E.coli and 
enterococci in wastewater discharged in to the ocean. The inactivation of Giardia cysts are 
positively affected with increasing salinity [42] 
 
5.2.5 Predation 
Urban stormwater ponds and wetlands can maintain a diversity of aquatic animals including fish, 
frogs, crayfish and insects such as (water beetles and dragonfly larvae). These organisms are an 
important component of wetlands and ponds ecosystem providing food web linkages between 
plants, microorganisms and other animals. Predator and prey relationships may contribute to the 
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control of indicator bacteria populations. [36] Mandi et al. determined predation of indicator 
bacteria in constructed wetlands by nematodes. [43]  
 
6. Urban wastewater  
Urban waste water means domestic waste water or the mixture of domestic waste water with 
industrial waste water and run-off rain water. Domestic waste water means waste water from 
residential settlements and services which originates predominantly from the human metabolism 
and from household activities. [44] In general urban wastewater contains high levels of 
pollutants including human pathogens. Urban wastewater treatment plants are usually designed 
to efficiently remove human pathogens from wastewaters. However the reductions in treatment 
processes can vary extensively and wastewater effluents still contain high numbers of human 
pathogens. [45]  
 
The removal efficiency of human pathogens in wastewater treatment plants vary according to 
the: 

• Treatment process type 
• Retention time 
• O2 concentration 
• PH 
• Temperature 
• The efficiency in removing suspended solids. [45] 

 
Efficient removal of human pathogens from wastewaters is a critical task, since wastewater 
discharges may increase human pathogen contamination of surface waters and result in 
waterborne infections. Thus appropriate treatment is required and this means treatment of urban 
wastewater by any process or disposal system which after discharge allows the receiving waters 
to meet the relevant quality objectives. [44] 
   
6.1 Primary and secondary wastewater treatment systems 
Primary treatment means treatment of urban wastewater by a physical and chemical processes 
involving settlement of suspended solids, large parasites and eggs by sedimentation for short 
periods of time, while smaller parasites such as human protozoan parasites and bacteria are not 
able to take away efficiently by settling. Thus they can pass on to secondary treatment.[46] For 
instance the quantity of fecal coliform in mechanically treatment stage following 2-3 hours of 
primary sedimentation may be slightly higher than in raw sewage. This is due to the biological 
decay of suspended solids as well as reproduction. [47]  
 
Since the mechanical treatment is not enough for removing all human pathogens, the requirement 
of secondary treatment is an important issue to improve microbiological water quality. 
Secondary treatment means treatment of urban wastewater by a process generally involving 
biological treatment with a secondary settlement [44] 
 
Neyman et al. prepared a study about human pathogen removal efficiency in urban wastewater 
treatment plant “Wschod” located in Poland. They found that the geometric mean values of MPN 
total coliforms and E.coli in raw wastewater were equal to 9.92 × 107/100ml and 2.8 × 107 
/100ml, respectively. While In the effluent from the mechanical - chemical treatment (Primary 
treatment) the geometric mean value of total coliforms and E.coli was 1.17 × 107/100ml and 2.4× 
106 /100ml, respectively. They also estimated the values of indicator bacteria in the effluent from 
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the corresponding biological treatment (Secondary treatment) and they found that the values of 
total coliform and E.coli were equal to 1.85 × 105/100ml and 7.4 × 104/100ml respectively 
(Table 4 and 5) [47] 
 

 
Table 4: The concentrations of total coliforms and E.coli in influent and effluent for both 
primary and secondary treatment systems. This table was obtained from a study performed in 
urban wastewater treatment plant “Wschod” located in Poland [47].   

 
Concentration of E.coli (×10,000) / Total Coliforms (×10,000) (MPN/ 100ml) 

 
Wastewater treatment 

systems  
Geometric mean 

 
Median 

 
Range 

Primary treatment 
-Influent 
-Effluent 

 
2800/ 9920 
240/ 1170 

 
2600/ 7000 
230/ 620 

 
500 – 19,000/ 600 – 240,000 

60 – 7,000/ 60 – 240,000 

Secondary treatment 
-Influent 
-Effluent 

 
1400/ 5700 
7.4/ 18.5 

 
1300/ 7000 

6.2/ 24 

 
130 – 24,000/ 230 – 24,000 

2.3 – 70/ 2.3 – 240 
 

 
 

Table 5: Logio reductions in geometric mean of total coliforms and E. coli in both primary and 
secondary treatment systems. This table was obtained from a study performed in urban wastewater 
treatment plant “Wschod” located in Poland [47] 

 
Reduction of indicator bacteria number 

[ log10] 

 
Wastewater treatment 

system 
 
 

 
Total coliform 

 

 
E.coli 

 
Primary treatment 

 
0.9 

 

 
1.0 

 
 

Secondary treatment 
 

2.5 
 

2.3 

 
    
6.2 Tertiary treatment systems 
Although conventional treatment processes (i.e. primary and secondary treatments) are known to 
remove up to 90 - 99 % of fecal contaminants, the effluents from urban wastewater treatment 
plants still contain high levels of human pathogens. In order to improve water quality, the 
effluents from conventional treatment processes need to tertiary treatment systems. Tertiary 
treatment is described in terms of the methods to improve final effluent quality in wastewater 
before discharge to the environment. [48] Tertiary wastewater treatment processes include 
filtration, ultra violet (UV) disinfections and constructed wetlands. 
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6.2.1 Membrane filtration 
Membrane filtration technologies offer an alternative to the disinfections process. Such 
technologies produce a high quality clarified effluent and do not require the addition of chemical 
reagent. This is in order to avoid the formation of harmful by products. Membrane technologies 
require suitable pre-treatment in order to maintain membrane efficiency. In general the most 
frequently applied pre-treatment for tertiary treatment has consisted of macrofiltration processes 
which have proven effective in reducing certain human pathogens. [49] 
 
In order to determine the possible application of membrane filtration technologies as alternatives 
to disinfections of urban wastewater, Gomez et al. used two membrane technologies 
(microfiltration and ultrafiltration) followed by pre-treatment macrofiltration process (pressure 
sand filter and disc filter) in urban wastewater treatment plant located in Spain. They found that 
membrane technologies were presented high retention and removal efficiencies for both fecal 
coliform and E.coli (99.9 %, and 100 %), respectively (Table 6). [48] 
 
Table 6: Comparative statistical analysis of fecal coliforms and E.coli concentration in effluents 
from membrane filtration systems. This table was obtained from a study achieved in urban 
wastewater treatment plant located in Spain [48]. 
Filter systems Fecal coliform removal (%) E.coli removal (%) 
Disc filter 31.26 33.24 
Pressure sand filter 36.88 34.10 
Microfiltration filter 99.81 100 
Ultrafiltration module 99.98 100 

 
6.2.2 UV disinfections 
Ultraviolet (UV) disinfections are being considered to lower the amount of chlorine used in the 
purification process as chlorine is a hazardous chemical. The UV system uses wavelengths of 
ultraviolet radiation as a means of disinfections. These wavelengths don’t actually destroy 
bacteria but inactivates them by altering the nucleic acid (DNA) of bacteria and parasites so they 
cannot reproduce. In large urban wastewater treatment plants, using of UV disinfections as a 
final treatment stage has been effect positively on removal of human pathogens. [48] 
  
Neyman et al. used UV disinfections method in wastewater treatment plant “Wschod” located in 
Poland. They observed that the reduction of indicator bacteria was greatly improved by using UV 
disinfections. They found that the values of E. coli, enterococci and total coliform in effluent 
after UV disinfections were 3.4 to 3.8 log10, 3.1 to 3.3 log10, and 2.9 to 3.3 log10, respectively 
(Table 7). [47] 
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Table 7: UV disinfections effectiveness on secondary wastewater treatment plant effluent. This 
table was obtained from a study performed in wastewater treatment plant “Wschod” located in 
Poland [47]. 

N0 × 1000 N Indicator 
bacteria 

Dose 
nWs/cm2 

Geom.mean Range Geom.mean Range 
log N0/N 

E.coli 
[MPN/100 ml] 

40 
45 
52 

41 
77 
68 

23 - 130 
23 - 240 
23 - 240 

15 
13 
10 

6 - 23 
5 - 23 
6 - 23 

3.4 
3.7 
3.8 

Total coliforms 
[MPN/100 ml] 

40 
45 
52 

85 
173 
122 

19 - 700 
62 - 700 
62 - 240 

41 
45 
50 

23 - 240 
6 - 700 
6 - 240 

2.9 
3.1 
3.3 

Enterococci 
[MPN/100 ml] 

40 
45 
52 

49 
45 
41 

24 - 70 
24  -70 
24 - 70 

32 
25 
17 

23 - 60 
5 - 62 
5 - 62 

3.1 
3.2 
3.3 

N0 - MPN of bacteria in 100 ml before disinfections 
   N - MPN of bacteria in 100 ml after disinfections 

 
6.2.3 Constructed wetlands 
Recently attention has been focused on the ability of wetlands to reduce human pathogens in 
wastewater. Sedimentation is thought to be one of the mechanisms of microbial reduction from 
wetlands used for wastewater treatment. Wetlands have been found to reduce human pathogens 
with varying but significant degrees of effectiveness. Filtration and attachment of microbes in the 
plant root surfaces is also thought to be one of the processes of human pathogens reduction in 
wetlands [50] 
 
Karim et al. performed a study to compare the occurrence and survival of indicator bacteria and 
human protozoan parasites in the water column and sediments of two constructed wetlands in 
Arizona. They found that the die off rates of fecal coliforms in the water column and sediment 
were 0.256 log10 / day and 0.151 log10 / day, respectively, while for Giardia were 0.029 log10 / 
day and 0.37 log10 / day, respectively. They concluded that die off rates of indicator bacteria are 
greater in the water column than in the sediment. While the die off rates of Giardia and 
Cryptosporidium are greater in the sediment than in the water column. They also found that the 
mean reduction of fecal coliform following 14 days in water column and sediments was 3.78 
log10 and 2.15 log10, respectively. While Giardia reduction in the water and sediment following 5 
days was 0.03 log10 and 1.81 log10, respectively (Table 8, 9 and 10). [51]  
 
Giardia can not survive a long period of time in the sediment of constructed wetlands. This may 
be due to the biological antagonism or the existence of organic materials which enhance the die 
off of human protozoan parasites. In contrast the sediments in wetlands enhance the survival of 
bacteria. [51]   
 
Thurston et al. estimated the reduction of indicator bacteria and protozoan human pathogens in 
wetland receiving secondary wastewater effluent. They found that total coliforms were reduced 
by an average of 98.8% and fecal coliforms by 98.2%. While Giardia cysts and Cryptosporidium 
oocysts were reduced by an average of 87.8% and 64.2%, respectively (Table 11). [52] 
 



 21 

 
 
 
 

Table 8: Occurrence of fecal coliforms in the water column and sediment of two constructed 
wetlands duckweed and hyacinth pond. This table was obtained from a study performed in two 
constructed wetlands located in Arizona, USA [51]. 

wetlands MPN/100 ml  
in water 

MPN/100 g of 
sediment 

( wet weight) 

% Solids MPN/100 g of sediment  
( dry weight basis) 

Duckweed pond 2.7 × 104 5.3 × 103 7.6 7.3 × 104 
Hyacinth pond 1.2 × 104 2.3 × 104 3.8 6.9 × 105 

 
 

Table 9: occurrence of Giardia cysts in the water column and sediment of two constructed 
wetlands duckweed and hyacinth pond. This table was obtained from a study performed in two 
constructed wetlands located in Arizona, USA [51] 

wetlands % Solid in the 
sediment 

Water column/ L Sediment 
/L 

Sediment/kg (dry 
weight) 

Duckweed pond 3.9 1.3 × 102 8.4 × 104 2.1 × 106 
Hyacinth pond 4.0 95.2 1.4 × 104 3.5 × 105 

 
 

Table 10: Occurrence of Cryptosporidium oocysts in the water column and sediment of two 
constructed wetlands duckweed and hyacinth pond. This table was obtained from a study 
performed in two constructed wetlands located in Arizona, USA [51]. 

wetlands % Solid in the 
sediment 

Water column/ L Sediment 
/L 

Sediment/kg (dry 
weight) 

Duckweed pond 3.9 21.9 2.3 × 103 6.5 × 104 
Hyacinth pond 4.0 47.6 3.4 × 103 4.0 × 104 

 
 

          
Table 11: The concentrations of Indicator bacteria and protozoan human pathogens and percent 
reduction for wastewater supplied wetland. This table was obtained from a study performed in a 
wastewater supplied wetland located in Arizona, USA [52]. 

Wastewater supplied wetlands Organisms 
Influent cfu/100 ml for 

bacteria & 
/100 L for protozoa 

Effluent cfu/100 ml for bacteria 
& /100 L for protozoa 

Percent 
reduction 

Total coliform 1.3 × 105   to  9.2 × 106 6.0 × 102   to  2.2 × 105 98.8 
Fecal coliform 1.0 × 104   to  3.2 × 106 1.0 × 102   to  2.6 × 105 98.2 
Giardia < 1.0  to  326.8 / 100 L 0.5  to  2.9 / 100 L 87.8 
Cryptosporidium 0.9  to    108.9 / 100 L < 1.0 to 49.9 / 100 L 64.2 
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Discussion  
Contamination of urban waters by fecal pollution is a serious public health concern. This is 
because fecal pollution may contain high levels of human pathogens. The potential of human 
pathogens transmission in urban waters is related to the abundance of specific indicator bacteria 
in the water column. When indicator bacteria levels are high (greater than regulatory standards), 
fecal contamination may be present leading to an increased risk of encountering disease causing 
human pathogens. Indicator bacteria measurement has remained the primary means for assessing 
human pathogens in water because of its low cost and simplicity, as well as its ability to indicate 
the presence of human fecal material. [4] Total and fecal coliforms have historically been the 
human pathogens indicators. However their presences do not always correlate well with the 
incidence of disease. Recently several epidemiological studies support the use of E.coli and 
enterococci as indicators of fecal contamination. [5]   
 
The principal sources of fecal contaminants in urban waters are discharges from urban 
wastewater treatment plants. [3] Urban stormwater also shows high levels of human pathogens. 
The amount of human pathogens in urban stormwater is correlated with amount of impervious 
cover. [24] It was found that levels of E.coli in urban stormwater collected directly from parking 
lots were high as 50,000 cfu /100 ml. [22] Impervious surfaces such as parking lots can increase 
the velocity of urban stormwater resulting larger amounts of human pathogens in urban receiving 
waters. [24] 

Human sewage is not the only contributor of fecal contaminants in urban waters. Dogs, birds, 
cats (especially feral cats), and wildlife animals can contribute fecal contaminants to urban 
waters. [24] [26] [27] For instance it was estimated that dogs in UK produce 1000 tonnes of 
feces every day. [24] In order to provide information about possible health risk and to avoid high 
prices for urban water managements, it is very important to know the sources of fecal 
contaminants in urban waters if they originate from human sources or non human sources. [26] 
 
Understanding how to properly manage urban stormwater is a critical concern to improve the 
microbiological quality of urban waters. In recent years urban stormwater wetlands and detention 
ponds are the preferred urban stormwater management facilities for water quality enhancement. 
[34] The association of indicator bacteria and protozoan human pathogens (Cryptosporidium and 
Giardia) with particles in urban stormwater can significantly affect their fate and transport in 
urban stormwater ponds and wetlands. In general indicator bacteria and protozoan human 
pathogens can exist as free or in a particle associated form. The three indicator bacteria fecal 
coliform, E.coli and enterococci were found to have almost similar partitioning association. [33] 
While protozoan human pathogens were found to associate with larger particles and to settle in 
to the sediment more easily than bacterial indicators. [30] Fecal coliform and E.coli attach to 
suspended particles with a range of size around 5µm, while enterococci attach to suspended 
particles with a range of size between 10µm to 30µm. This means that bacterial indicators vary 
in their association with suspended particles. Thus they vary in their survival and die off in water 
column and sediment. [12] 
   The settleable concentration of indicator bacteria is usually highest directly after storm event 
(Fig. 3). This providing some indication about first flush phenomenon and the trend that could 
have important implications for the design of stormwater management structures (e.g., detention 
basins).[30]  
 
Sedimentation is the main physical mechanism for pollutant removal in both wetlands and 
detention ponds. [32] The extensive vegetation in urban stormwater wetlands enhances the 
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sedimentation of fine particles as well as large and medium sized particles. Further it can protect 
wetland from sediment resuspension during storm event. [36] Many other environmental 
stressors can affect human pathogens survival in wetlands such as temperature. In general cold 
water enhances bacteria survival. It was found that the dies off of indicator bacteria are faster at 
15ºC than at 5ºC. Protozoa human pathogens survival is also increased in cold water. [39]  

Human pathogens survival is also depended on sunlight intensity. Intense ultraviolet sunlight 
over surface waters enhances bacterial die-off, therefore limiting serious bacterial impacts. While 
bacteria in turbid waters and bottom sediments are not as susceptible to sunlight as surface water 
bacteria and therefore they can survive longer. [40] It was also found that inactivation of Giardia 
cysts appears to be positively affected by increased salinity. [42] Competition and predation are 
additional environmental factors influencing die-off of human pathogens such as predation of 
indicator bacteria in constructed wetlands by nematodes. [43]  
 
Although urban storm water are considered one of the main sources of human pathogens, 
wastewater treatment plants are still the major contributors of human pathogens to urban 
receiving waters. Primary and secondary treatment systems involve chemical, mechanical and 
biological treatment processes. [47] Even though the two treatment systems have high human 
pathogen removal efficiency up to 90%, the effluents from the two systems are still containing 
high levels of human pathogens. Therefore tertiary treatment systems are required to improve 
urban water quality. [48] Disinfections of indicator bacteria in wastewater treatment plants by 
using membrane filtrations and UV disinfections technologies were found to be up to 99.9% - 
100%. [47] [48]   
 
Constructed wetlands receiving secondary wastewater effluents have the ability to reduce human 
pathogens with great effectiveness. Sedimentation, filtration and attachment of bacteria in the 
plant root surfaces are processes of bacteria reduction in wetlands. The concentrations of 
indicator bacteria in wetlands receiving wastewater effluents are greater in the water column and 
in the plant root surfaces than in the sediment. However the concentrations of Cryptosporidium 
and Giardia are greater in the sediments than in the water column. This is because protozoan 
human pathogens have greater degree of settling than indicator bacteria (Table 8, 9 & 10). The 
first order for bacterial indicators die-off in wetlands is applicable for only 24 to 48 hours. [51] 
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Conclusion  
Major point sources of fecal contamination in an urbanized area are the effluents of urban 
wastewater treatment plants. Primary treatment means treatment of urban wastewater by a 
physical and chemical processes involving settlement of suspended solids, large parasites and 
eggs by sedimentation process. Secondary treatment means treatment of urban wastewater by a 
process generally involving biological treatment with a secondary settlement. Tertiary treatment 
is described in terms of the methods to improve final effluent quality in wastewater before 
discharge to the environment. Tertiary wastewater treatment processes include filtration, ultra 
violet (UV) disinfections and constructed wetlands. 
 
Human sewage is not the only contributor of fecal contaminants in urban waters. Dogs, birds, 
cats can contribute fecal contaminants to urban waters. Urban stormwater is considered as a 
major carrier for delivering human pathogens from diffuse sources to receiving waters. Urban 
storm water ponds and wetlands are the preferred urban stormwater management facilities for 
water quality enhancement.    
 
Measuring bacterial indicators is less expensive, easier and more common than measuring 
human pathogens directly.  
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