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Abstract- background and purpose: Despite the similarity in quality of hospital wastewater to municipal wastewater in terms 
of quantity, and containing toxic and hazardous substances as well as having disease-causing pathogens, in case of improper 
treatment and disposal , it cause serious risks to human and the environment health. Accordingly, the present study is an 
attempt to assess the performance of wastewater treatment and effluent quality of Medical Sciences University of Shiraz 
hospitals. 
Materials and methods:  in the current study, we assessed wastewater treatment systems of Medical Sciences University’s 
hospitals in Shiraz via a one-year descriptive- cross sectional study. Certain parameters like pH ،total suspended solids 
(TSS), biological oxygen demand (BOX), and chemical oxygen demand (COD) besides total coli form were measured in 
205 input and effluent hospital wastewater. The standards were based on the Public Health Association of America manual 
naming “standard methods of testing water and wastewater”.  
Findings: the results showed that all the measured parameters in effluent (pH=7.19, BOD=28.12mg/l, 59.14 mg/l, TSS= 
36.41 mg/l, NH3=.3mg/l) were in accordance with the Environmental Protection Agency of Iran’s standards (EPA). These 
standards are specified for discharge into surface water, and agricultural and green spaces irrigation. Moreover, testing 
coliform in hospital wastewater treatment plant effluent revealed that the amount of this substance for whole coliform was 
equal to MPN/100ml 29.17 and fecal coli form was equal to MPN/100 ml 30.11. Consequently, the treatment plant had good 
efficiency. Accordingly, the system efficiency in TSS, BOD, COD and total coliform pollutants removal was 87.14%, 
92.17% and 99.99%, respectively.  
Conclusion: The results of the present study suggest that regular and strict monitoring of operating conditions such as back 
sludge ratios, waste sludge discharge time besides controlling aeration basin dissolved oxygen and regular measurement of 
output parameters are the main reasons for proper performance of wastewater treatment plant at the studied hospitals.  
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I. INTRODUCTION 
  
Wastewater or sewage is used water which is not 
reusable due to the low quality of water. Moreover, 
wastewater containing some solid and liquid wastes 
produced after human activities like toilets, 
manufactures, industries and agricultural purposes. 
Wastewater may be either domestic or be a 
combination of domestic, industrial and agricultural 
sewage [Park K 2005]. According to valid 
classification of wastewater, hospital wastewater 
places in institutional sewage category. The 
institutional sewage is also classified as domestic or 
sanitation wastewater. Hospital effluent may contain 
a variety of pathogenic microorganisms and 
pharmaceuticals besides some other hazardous toxic 
substances, solid wastes, chemicals and radioactive 
isotopes.  
 
Discharge and penetration of these substances into 
the human environment especially groundwater and 
surface water would cause major hazards and 
problems for the province. Accordingly, we need to 
monitor hospital effluent precisely and provide 
necessary measures in order to prevent from entry of 
non-treated hospital wastewater into human  

 
environment. Also, we have to protect surface water 
and groundwater from wastewater disposal, otherwise 
serious contamination and diseases will spread among 
healthy peoples. Several different virology research 
works on surface water contaminated with sewage 
have revealed existence of “enterovirus infection" 
and a variety of other viruses, such as "adenovirus" in 
hospital wastewater. Furthermore, various 
investigations have confirmed large quantities of 
chlorine and heavy metals like mercury and silver in 
hospital wastewater [Fijan S, Poljsak-Prijatelj M, 
Steyer A, Koren S, Cencic A, Sostar-Turk S 2006]. 
Generally, Intensity and weaknessof sewage in terms 
of existing organic materials is determined with 
respect to three criteriaas follows:  
Biochemical Oxygen Demand- BOD5; Chemical 
Oxygen Demand-COD; and Suspended Socials-SS 
A considerable amount of BOD and COD were tested 
in these hospitals wastewater. Halogenated organic 
compounds that result from the reaction of chlorine 
with organic compounds in wastewater are converted 
into other compounds in wastewater which are 
considered as hazardous substances. Sometimes 
formaldehyde (HCHO) is used in the process of 
treatment and services provided at these centers. 
Once these substances entered sewage system, they 



6201-.May 2-Issue2, Spl. -4, Iss-Vol              9009,  -, ISSN: 2321Advances in Science Engineering and TechnologyInternational Journal of  

Qualitative And Quantitative Assessment Of The Effects Of Hospital Wastewater Pollutants On Treatment Plants Performance Of Medical Sciences University 
Of Shiraz Hospitals 

 
93 

reveal some negative effects of their own. Values 
about 10-100 mg/l negatively affect biological 
systems of wastewater treatment systems and can 
postpone the treatment process for a longer time and 
so, systems are shut down [Van der Linden S, 
Heringa M, Man H, Sonneveld E, Puijker L, Brouwer 
A, et al 2008]. Hospital pollutants consist of 
organohalogen and drugs exclude from the treatment 
plant without decomposition. Since 1980, different 
studies have reported presence of drugs in natural 
surface water and treatment plant wastewater.  
 
Laboratory tests have confirmed existence of drugs 
consumed by people and animals, including 
antibiotics, hormones, strong painkillers and drugs 
used in cancer chemotherapy in surface water, ground 
water and drinking water.Large amounts of drugs are 
excreted by humans and animals enter the nature and 
soil in form of sewage, manure, and dried sludge.  
A survey conducted in England showed that the 
amount of drugs present in natural water is about 1 
mg/l. In the "Luna Island “district  in Vancouver, 
Canada, two ibuprofen and naproxen drugs were 
observed  in the sewerage network . Also, salicylic 
acid values  more than 2.7 kg per day has been 
observed in the treatment plant of Kansas City, 
USA.Other study reported presence of Clofibric acid 
less than 1mg/l in treated water. When man or animal 
consumes drugs, approximately 50-90% of the drugs 
excreted remain unchanged. About 30% of produced 
drugs are lipophilic. That is to say, they dissolve in 
oil but not in water. This means that lipophilic drugs 
can cross cell membrane and enter cell. So, 
unfortunately after entering the environment, these 
substances enter food chain. Additionally, most of 
drugs are sustainableand after disposal they enter into 
the nature. Among different types of consumed drugs, 
sex steroidsand antibiotics are notable.  
In studies on amount of sex steroid and antibiotics, in 
several investigations, sex steroidobserved in surface 
water was about nano gram per liter. Also, numerous 
evidences have confirmed that sex steroid much less 
than micrograms per liter have affected wild life and 
the nature.Sexsteroid about 20ng/l can 
considerablyinfluence sexual characteristics of some 
fish species [Chitnis V, Chitnis D, Patil S, Kant R 
2000].  
 
One of the major pharmaceutical groups is 
antibiotics. Different investigations have reported that 
some European hospitals speared approximately 
50mg/l antibiotics. For example, certain substances 
like tetracycline have to be prevented from entering 
wastewater due to its high rate of metabolism. But, 
about 13 mg/l enters wastewater by European 
hospitals. A few other investigations on antibiotics 
have revealed that increased resistance of bacteria 
may threat public health more seriously [Emmanuel 
E, Pierre M, Perrodin Y 2009]. During the recent 
years, the use of ground water for supplying drinking 

water has intensified [Chimchirian R, Suri R, Fu H 
2007], and in case of failure in 
controllingcontamination, hospitalwastewater spreads 
into surface and ground water [Seifrtová M, Pena A, 
Lino C, Solich P 2008, Pena A, Paulo M, Silva L, 
Seifrtová M, Lino C, Solich P 2010]. This therefore, 
leads to prevalence of different diseases. 
Consequently, huge costs would be imposed on the 
public and the government. For that reason, 
investigating hospital wastewater treatment is 
essential.  
 
II. METHOD 
  
The present study is a cross-sectional and descriptive 
research was conducted within a 9 month period from 
2014-2015. We collected a total sample of 205 during 
9 months (Saturaday to Friday, each month). Then, 
we measured different parameters PH, TSS,COD, 
BODs, and total coliform in raw input wastewater 
and effluent. Additionally, we tested NH3, electrical 
conductivity, turbidity, coliform, and residual 
chlorine in effluent. Allsampling and testing 
procedures were carried out in one authorized 
laboratory in Shiraz. Since treatment plants had a 
longeraerostation time and high HRT, we did 
sampling moment by moment. The sampling 
procedure and test of parameters were on the basis of 
the standard method manual completely [APHA, 
2003].  
 
We compared the results with the EPA’s national 
standards of Iran for reusing (green spaces irrigation, 
disposal to river) and hospital effluent disposal. 
Subsequent to sampling process, and mixing them the 
samples (compound sampling), we transferred the 
samplesto the laboratory for analyzing, interpreting 
and reporting the quality. In the lab, pH was 
measured through potentiometric method and with 
pHmeter,Aqualytic Model. BOD was tested via 
manometric method; COD via back distillation 
method, TSS via gravimetric method and total and 
fecal coliform were measured via multiple tube 
fermentation. The entire parameters were measured 
according to the EPA’s standard methods and the 
American Public Health Association’s [APHA 2003] 
standard methods of measuring water and waste 
water manual.  
 
In the present research, we used different methods for 
collection and disposal of treated hospital wastewater 
and effluent (disposal in river, disposal in cesspool, 
disposal in municipal sewage channels, green spaces 
irrigation). Moreover, we assessed collection and 
disposal methods of produced sludge (condensation 
and drying, anaerobic sludge digestion, sludge 
removal and transporting sludge by sludge cars) as 
some treatment processes at the hospitals. The data 
were analyzed via SPSS software and inferential 
statistics test ANOVA.  
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Table 1: general features of hospital wastewater treatment systems 

 
 
III. FINDING AND DISCUSSION 
 
Fig. 1 illustrates the mean scores of the parameters of 
input raw wastewater into the treatment plant during 
the sampling procedure. BOD is one of the 
fundamental indexes in determination of the 
wastewater quality. Standard assessment of the EPA 
for discharge and disposal in surfaceand ground 
water, agricultural purposes and irrigation indicate 
the performance of wastewater treatment plant. 
Generally, values of hospital wastewater BOD5 vary 
with respect to diversity of medical services [Purdara 
, H. Zini , M. Fallah , J 2004]. According to Fig.1,  

 
BOD5 average in the hospitals raw wastewater is 
272.98 mg/l. Rafaat et al’sresults reported BOD5 240 
mg/l in raw wastewater of MombiniHospital in 
Sabzevar [Purdara , H. Zini , M. Fallah , J 2004]. 
Sarfaraz and colleagues reported BOD5 291 mg/l in 
raw wastewater at Hormozgan province hospitals 
[Sabzevari , A. Binavapour , M. Omidi ,Sh. 
Mohammad Taheri ,A 2005]. Likewise, Mesdaghinia 
and colleagues recorded BOD5 444.33 mg/l in raw 
wastewater of Tehran Medical Sciences University 
hospitals [Majlesinasr , M 2001]. The findings in the 
current study accord with all of these results.  
 

 

 
Figure 1: hospitals input parameters 
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According to the EPA’s standard, the maximum 
allow able concentration of  BOD5 effluent discharge 
into surface water is 50 mg/l. For agricultural 
purposes and green spaces irrigation, the maximum 
allowable concentration is 100 mg/l [Giger, W. Alder 

,A.C. Golet , E.M. et al 2003]. As seen in Fig.1, the 
amount of effluent BOD5in hospital treatment plant 
is 31.73 mg/l. this value is lower than the EPA’s 
standard value for green spaces irrigation and 
discharge into surface water.  

 

 
Figure2: hospitals effluent pH, COD, BOD5 

 
1. Standarddischarge intosurface water 

100>BOD5 
2. Standardagricultural consumption 

BOD5<100 
a. standard discharge intosurface 

water COD <100 
b. standard agricultural 

consumption COD < 200 
c. standard agricultural 

consumptionTSS <100 
3. Maximum pH standard 
4. Minimum pH standard 

 
Shown in Fig.2, the average COD in the hospitals raw 
wastewater is 517.89 mg/l. At hospitals in Tehran and 
Hormozgan provinces, the average COD in raw 
wastewater was 792 and 628 mg/l.AtFatemeh Zahra 
hospital in Sari, the average COD is 629 mg/l 
[Sabzevari , A. Binavapour , M. Omidi ,Sh. 
Mohammad Taheri ,A 2005]. The studies of a 
consultant engineering company of green technology 
in Thailand, the average COD in raw wastewater of 
Thai hospitals was 232 mg/l [Majlesinasr , M 2001]. 
The average COD in raw wastewater at Indonesian 
hospitals was 154-642 mg/l [Sarafraz , SH. Khani , 
MR . Yaghmaeian , K 2006]. Also, Rafaat and 
colleagues’ results showed an average amount of 640 
mg/l COD in raw wastewater of Mombini hospital in 
Sabzevar [Purdara , H. Zini , M. Fallah , J 2004]. The 
results of the present research agree with these 
findings. According to the EPA standard, the 
maximum acceptable concentration of effluent COD 
for discharge intosurface water is 100 mg/l and 200 
mg/l for agricultural purposes and green spaces 
irrigation [Giger, W. Alder ,A.C. Golet , E.M. et al 
2003]. In this study, the amount of effluent COD in 
the hospitals treatment plant was 61.779 mg/l, which 

is lower than the EPA’sstandard. Thenext common 
parameter in assessment of treatment plant efficiency 
is to measure totalsuspended socials (TSS) 
concentration in treated wastewater [Majlesinasr , M 
2001, Mesdaghinia , A. R . Naddafi , K . Nabizadeh 
,R . Saeedi ,R . Zamanzadeh, M 2009].in the current 
study, the average TSS in input raw wastewater was 
312 mg/l. the average TSS in domestic wastewater 
ranged 120- 400 mg/l [Mesdaghinia , A. R . Naddafi , 
K . Nabizadeh ,R . Saeedi ,R . Zamanzadeh ,M 2009] 
and this value approximates theaverage TSS in the 
present research.  
 
Considering the TSS parameter in hospital raw 
wastewaterin Iran, a number of investigations have 
examined TSS and hospital wastewater. For example, 
Sarafraz et al’s results showed the average TSS in 
hospital rawwastewater 231 mg/l in Hormozgan 
province [Sabzevari , A. Binavapour , M. Omidi ,Sh. 
Mohammad Taheri ,A 2005]. In a study in Indonesia, 
TSS in hospital raw wastewater was reported 36 to 
269mg/l. This amount in Thaiteaching 
hospitalswastewaterwas 103mg/l and 291 mg/l 
[Purdara , H. Zini , M. Fallah , J 2004].Rafaat and 
colleagues worked on Mombini hospital wastewater 
in Sabzevar. Amouee et al measured hospital raw 
wastewater average TSS at Babol Medical 
SciencesUniversity. The average TSS was 296 mg/l 
[Altin , A . Altin , S. Degirmenci , M 2003]. These 
results accord with the present research findings. 
In the current study the hospital effluent average TSS 
was equal to 49.27 mg/l. This value is lower than the 
EPA’s standard for discharge intosurface water (40 
mg/l). The value was also lower thanthe EPA’s 
standard for agricultural purposes and green spaces 
irrigation (100 mg/l) [Giger, W. Alder ,A.C. Golet , 
E.M. et al 2003]. The produced wastewater was 
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classified in medium wastewater group in terms of 
contamination intensity. One of the most pivotal 
parameters in biological waste water treatment 
processes is pH and its variances. Overall, suitable 
pH for bacteria growth and activity ranges between 
6.5 to 8.5. The activity of most of bacteria effective 
on wastewater treatment is disrupted or stopped at 
pH> 9.5 [Emmanuel , E. Perrodin, Y .Blanchard , J. 
Vermande , P 2001]. Acceptable effluent pH for 
discharge intosurface water and rivers ranges between 
6.5 to 8.5, and for agricultural purposes and green 
spaces irrigation ranges between 6 to 8.5 [Giger, W. 
Alder ,A.C. Golet , E.M. et al 2003].  
 
In the current study, input raw wastewater and 
effluent average was measured 7.49 and 7.11, 
respectively. Sarfaraz and colleagues investigated 12 
public hospitals in Hormozgan province. They 

reported effluent average pH 7.24 [Sabzevari , A. 
Binavapour , M. Omidi ,Sh. Mohammad 
Taheri2004]. Altin et al studied some hospitals in 
Turkey. They reported the average pH in hospital raw 
wastewater 7.3 [Yousefi , Z . Ghoochani , M 2005]. 
In another study, Amouee and colleagues measured 
pH total average in raw wastewater and treated 
wastewater at teachinghospitals of Medical Sciences 
University of Babol. ThepH total average was 7.4 and 
7.5 [Altin , A . Altin , S. Degirmenci , M 2003]. 
These results agree with the current study results. 
According to the EPA’s standard, the acceptable pH 
in effluent ranges between 6.5 -8.5 and between 6 -
8.5 for agricultural and green spaces purposes [Giger, 
W. Alder ,A.C. Golet , E.M. et al 2003].The effluent 
average pH in the present research was equal to 7.24. 
This amount is acceptable.  
 

 

 
Figure 3: hospitals effluent NH3, Cl, Coliform 

 
 

1. Standarddischarge intosurface water 2.5> 
NH3 

a. standard discharge intosurface 
water Colifrom>400 

b. standard agricultural 
consumptionColifrom>400 

2. 2 standard discharges to surface water 
Cl> 1 

3. Standard agricultural consumption Cl> 
0.2 

 
Ammonia concentration variances were measured 
during the sampling procedure. The effluent average 
NH3 concentration was 0.27 mg/l during the 
sampling process. Changes in NH3 volumes for all 
the samples during 9 month sampling were lower 
than the maximum standard concentration for 
discharge into surface water (2.5 mg/l). Additionally, 
assessment of microbial quality of wastewater is a 
very imperative technique for examining the situation 
and increased incidence of infectious, viral, bacterial 

and parasitic diseases at hospitals [Majlesinasr , M 
2001]. In the present study, we used coliform bacteria 
as a wastewater bacterial contamination indciator. 
According to the EPA’snational standard of discharge 
and disposal , the permitted limit of total coliform and 
fecal coliform in hospital effluent to receiving 
resources and for agricultural purposes and green 
spaces irrigation are 1000, and 400 MPN/100 ml, 
respectively [Majlesinasr , M 2001]. The average 
total coliform and fecal coliform of hospital effluent 
in the present research were 29.87 and 31.2 MPN/100 
ml, respectively. These values are lower than the 
EPA’s effluent standard indicating lack of bacterial 
contamination and good treatment plant efficiency.  
Yousefi and colleagues measured the rate of fecal 
coliform bacteria removal at teaching hospitals in 
Sari city. They reported this rate forBou Ali, Imam, 
Zare and Fatemeh Zahra hospitals, 99.57, 97.45, 
92.47 and 90.63,respectively [Majlesi Nasr , M. 
Yazdanbakhsh , A.R 2008]. Sabzevari et al’s study on 
performance of treatment plant at AtiyehSazan 
hospital showed the rate of total coliform removal in 
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effluent 96.99% [Raf'at , S. Nemati ,F . Allahabadi , 
A 2010]. Amouee and colleagues investigatedhospital 
wastewater at Medical Sciences University of 
Babolteachinghospitals. The average number of total 
coliform in terms of MPN in 100 ml in treated 
wastewater was 831 [Altin , A . Altin , S. Degirmenci 
, M 2003]. The current study results accord with the 
previouslyperformed studies. The average 
concentration of effluent residual chlorine during the 
sampling procedure was 1.17 ppm. This value is 

higher than the maximum standard (1ppm) for 
discharge intosurface water and agriculture purposes 
and green spaces irrigation standard (0.2 ppm). 
Theresult indicates that we need more intense 
monitoring of chlorination system in the treatment 
plant. InAmouee el al’s study, the average effluent 
residual chlorine was equal to 0.2, which is lower 
than the standards limit of discharge intosurface 
water [Altin , A . Altin , S. Degirmenci , M 2010]. 
 

 

 
Figure 4 : treatment plant efficiency 

 
In the current study, the overall average of COD, 
BOD5, TSS pollutants removal efficiency and total 
coliform in hospital wastewater treatment plant was 
87.24%, 89.47%, 92.14% and 99.99%, receptively. 
Ina study in Hamedan, the efficiency of AtiyehSazan 
Hospital treatment plant was assessed. The total 
coliform parameters removal, BOD5, COD, TSS was 
99.97%, 87.6%, 83.7% and 86.4%, restively. The 
results show treatment plant good efficiency. Also, 
the hospital wastewater is used for green spaces 
irrigation and discharge intosurface water [APHA, 
AWWA and WEF 2007]. Thefindings in the current 
study completely comply with the previously 
performed studies.  
 
As another study, Imam Khomeini Hospital effluent 
in Orumiyeh was measured. The results showed that 
TSS, BOD5, and COD average concentration was 50, 
60.5 ad 1374 mg/l, respectively. Also, the number of 
fecal coliform was larger than 1000 MPN/100 ml. 
accordingly, the hospital effluent quality was not 
proper enough for discharge into surface water. The 
reason could be inappropriate discharge of excess 
sludge deposited in the secondary sedimentation 
basin and irregular return of sludge to the aeration 
basin [Iranian environment conservation organization 
2007]. Khosravi et al investigated Petroleum Hospital 
wastewater treatment plant in Ahvaz. They reported 
TSS, BOD and COD average removal efficiency 
88.99%, 89.85% and 87.23%, respectively. The 

findings showed that the hospital treatment plant has 
good efficiency. Moreover, the hospital wastewater 
could be used for green spaces irrigation, agricultural 
purposed and discharge into receiving resources( 
Karoun river). The current study findings accord with 
the Khosravi et al’s results [Iranian environment 
conservation organization 2003].   
 
Some studies on treatment plant of Shohada Hospital 
in Yazd revealed TSS, COD, and BOD and fecal 
coliform removal efficiency 83.7%, 86.4%, 78.4% 
and 99.15%, respectively. Comparing these results 
with the EPA’s standard, the hospital wastewater is 
good for green spaces irrigation with respect to all the 
parameter expect for MPN [Pauwels , B. Verstraete , 
W 2006]. These results are in agreement with the 
present research results. Amouee et al examined on 
Medical Sciences University of Babol teaching 
hospitals wastewater. Theyobtained TSS, BOD, COD 
and total colifrom average removal in hospital 
effluent 76.5%, 79.6%, 74.3% and 99.7%, 
respectively. The results indicate hospital effluent 
average is larger than the EPA’s effluent standard. 
Therefore, contamination removal efficiency is 
decreasedat the Medical Sciences University of Babol 
teaching hospitals. Consequently, Amouee et al 
recommend a major review of the hospital treatment 
plant to improve the effectiveness of the treatment 
plants in designing, operation and maintenance [Altin 
, A . Altin , S. Degirmenci , M 2003].  
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CONCLUSION 
 
Abundant studies have showed that in hospital 
wastewater treatment plant discharge and hydraulic 
loading have increased along with enlarged number 
of active beds and expansion of hospitalization and 
preclinical wards. Therefore, this system operates as 
conventional activated sludge instead of extended 
aeration. The investigation on hospitals wastewater is 
showed several reasons for the hospitals treatment 
plants efficiency. They consisted of accurate and 
regular monitoring of operation conditions like 
considering back sludge ratio, timely discharge of 
fecal excess sludge, controlling aeration basin, 
dissolved oxygen, measuring output parameters and 
so forth. The results of the present research indicated 
that all the measured effluent parameters (pH=7.19, 
BOD=28.12 mg/l, COD= 59.14 mg/l, TSS=26.41 
mg/l, and NH3=0.3 mg/l) were according to the 
EPA’s standard. Therefore, they were proper for 
discharge into surface water, agricultural purposes 
and green spaces irrigation. Moreover, testing 
coliform in hospitals effluent revealed that total 
cloliform was equal to 29.17 mg/l and fecal coliform 
was 30.11 MPN/100 ml. So, the treatment plant had 
suitable efficiency. Accordingly, the system 
efficiency for TSS, BOD, COD and coliform 
pollutants removal was 87.14%, 89.01%, 92.17% and 
99.99%, respectively.  
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