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Abstract 
 
Sewerage water in Marjan Hospital was considered a major change in the 

degree of environmental pollution, especially hospital wastewater. Hospital 

wastewater contains contagious, contaminating, toxins, radioactive, and 

biodegradable pollutants that could lead to pollution and health problem.A 

presence of neighboring hospital to the residential potential to cause 

environmental problems due to hazardous waste disposal. The study had the 

goal of: Determine the properties of wastewater as well as to compare it with 

the permitted Iraqi wastewater limit. Samples taken in liquid sewage tanks 

entering and leaving the hospital, then the pollutant concentration was 

measured using the APHA method and compared with Iraqi determinants 

No. 25 of 1967. Research findings announced that average concentration of 

an entering and leaving pollutants ranged between) 7.67-7.62) for PH, EC 

(1618- 1487) µs/cm, TSS (240 -166) mg.L-1, CL (911-869) mg.L-1, SO4 

(777 – 679) mg.L-1, NO3 (28 - 8.57) mg.L-1, BOD (400 – 385) mg.L-1, 

COD (801 - 647) mg.L-1. As for the  average rates of heavy elements 

represented by [pb, Ni, Cr, Cd, Ag]  for entering  and leaving for the hospital, 

they ranged between (0.91 - 0.67) µg.L-1 for pb, (0.72 - 0.16) µg.L-1 for Ni 

(0.75 - 0.17) µg.L-1  for Cr, (0.11- 0.04) µg.L-1for Cd, (0.03 - 0.05) µg.L-1  

for Ag. And also the total number of fecal coliform bacteria (FC) entering 

and leaving, they ranged between [(343-135) *10^3] NPP/ 100 ml. 

 

Keywords: Hospital Wastewater, Septic tanks, Organic pollutants, Fecal 
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1 Introduction 
 

Wastewater pertains to any water the quality of which has been abused 

by anthropogenic activities. This includes the release of liquid waste from 

domestic, industrial, agricultural as well as business activities. Waste from 

health care consists of natural and synthetic materials, including pathogenic 

micro-organisms.  Hospital waste poses significant health risks for health 

staff, the public and the environment, and the flora in the region [7]. Polluted 

water applies to any water the content of which has been impaired by human 

activities. It includes liquid waste discharged from the residential, industrial, 

commercial, pharmacy, as well as hospital industries. Hospital wastewater (HWW) 

may contain dangerous substances, such as pharmaceutical residues, toxic chemicals, 

bacteria, and radioisotopes [8]. Wastewater at hospitals can present a chemical, 

biological as well as physical dangers to public and environmental health. 

Nevertheless, most commonly there are no legal criteria for treating medical effluent 

until it is discharged into the local reservoir or immediately into the surface water 

after pre – treatment[5]. Hospital wastewater is water pollution that is 

generated from all hospital activities as operational medical and non-medical, 

emergency & first aid, research lab, diagnosis, radiology, cooking as well as 

laundry. Wastewater in hospitals includes harmful pollutants, like pathogenic 

microorganisms (bacteria, viruses), medicinal residues and laboratory 

substances (antibiotics, phenol, (chloroform, antibiotics, phenol), substance 

toxins, and organic biodegradable content (protein, carbohydrate, fat) [12]. 

One of the major environmental issues of the hospital effluents is their 

discharge to the urban sewer network without preliminary treatment, in the 

same way as the urban classic effluents[13]. 

Heavy water left by healthcare and industrial organizations, poses major 

environmental problems, particularly water, as well as the complications they 

cause differ depending on the operation, nature, location and size of the 

waste left over [6]. Untreated toxic chemicals present in  wastewater have 

many harmful effects as they interact with the biological processes used in 

the treatment of wastewater causing a decrease in treatment quality, 

accumulating in the sludge and several times causing an rise in its 

concentration in the sludge and thus the sludge used as a fertilizer for plants 

It will harm the food web many other studies have shown that the process of 

anaerobic sludge digestion leads to the production of acidic materials like 

formic acid, acetic, hydrogen sulfide, as well as acidic sludge, which will 

give rise to the migration of toxic substances into wastewater and thus take 

their way to surface water and groundwater.The principal source of fresh 

water in the world [10].Hospitals generate a large amount of wastes from 400 

to 1200 liters per bed in a day. They are loaded with a microorganism, heavy 

metal, toxic chemicals, and radioactive elements. Hospital waste can be 

harmful to ecological equilibrium and public health.  
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If left untreated, pathological and infectious wastes could lead to 

communicable disease outbreaks[11].Marjan Medical Hospital does not have 

a treatment unit, which forces it to drain its heavy water directly into the 

environment and in various places via tankers.Also, discharging them via 

tankers means that they reach the waterways or sell them to farmers as 

fertilizers. This research was conducted to identify the determinants of 

pollution that hospitals indirectly and untreated. Some studies have 

confirmed the importance of studying these determinants in order to get rid 

of their effects. 

 
Table 1: shows a comprehensive field study for each section of Marjan Hospital. 

Sept

ic 

Tan

k 

No. 

Hospital 

Departme

nt Name 

Year Beds 

No. 

In 

patient

s 

Daily 

Out 

patients 

Daily 

Operat

ion 

Daily 

Staff 

No. 

Space 

(M²) 

Floo

r 

No. 

Outpa

tient 

Clinc 

Emer

gency 

 

1 Doctors 

House 

 

1957 76 - - - 76 950 2 - _ 

2 Advisory 

 

1988- 

2017 

- 

 

 

200-

250 

200-250 - 60 900 1 - _ 

3 Private 

Suite 

 

1958 9 6 2-1 - 10 300 1 - _ 

4 Resonance 

 

2015 1 30-35 30-35 - 6-5 250 1 - _ 

5 Hematolo

gy 

Laborator

y 

1957 11 25-30 

 

15-20 - 5 200 1 - _ 

6 Immune 

system 

diets 

 

1957 20 15-20 3-5 - / 250 1 - _ 

7 Oncology 

unit 

 

2016 - 70 70 - 121 700 2 - _ 

8 Oncology 

alone 

 

2016 36 Reserv

ation 

of 

inform

ation 

Reserva

tion of 

informa

tion 

 

Reserv

ation 

of 

inform

ation 

33 500 1 - _ 

9 Center of 

the 

digestive 

system 

and liver 

disease 

2008-

2014 

30 17 17 2-3 155 1500 1 - _ 
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10 Emergen

cy 

 

2007 30 400 400 _ 104 1500 1 _  

11 Kidney 

center 

 

1958-

2013 

54 20 20 3 118 850 1 - _ 

12 Shaheed 

Al-

Mehrab 

Center 

for 

Cardiolo

gy and 

Cardiac 

Surgery 

(catheter

s) 

2007 72 50 40  300 800 2 - _ 

13 Diabetes 

Center 

 

2018 - 80-90 80-90 - 30 650 2 - - 

 

2 Materials and Procedure 
 
2.1 Characteristics of hospital and collections of samples 
 

     Wastewater used during the study was extracted from the enter of the 

sewage tanks of the sewage network in Marjeen Teaching Hospital and the 

outside of the hospital by a basin vehicle before it was discharged in different 

places of Babil Governorate. This hospital has a capacity of 380 beds and 

consists of 13 departments, each of which has its own septic tank. Samples 

were collected weekly from the thirteen stations for wastewater, during the 

period (2019-2020) between the hours (9 AM – 12 PM). The samples were 

taken at depths (10-20) cm water surface about, used for biological Oxygen 

Demand ( BOD) sterilized dark Winkler bottles 250 ml , 250 ml sterilized 

glass bottles use in bacteriological analysis and kept in a cool box until they 

reached the laboratory within 3 hours, sterilized plastic bottles used for 

physical, chemical and Heavy metals analysis [3]. 

Samples for pH, EC were evaluated in the research area, then samples 

were quickly sent to the laboratory for further chemical and microbial 

analysis, including [BOD5, COD, CL, TSS, NO3, SO4, FC] [2]. 

 

2.2 Physiochemical and Heavy Metal Analyses 
 

     Chromium (Cr), Cadmium (Cd), lead (Pb), silver (Ag) and nickel (Ni) 

analyzes were performed in the study area. 
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The collected samples were prepared for analysis of heavy metals In 

Vials of Polyethylene as well as acidification of medium by add 1% 

HNO3.Thus biological activity of the bacteria and living organisms 

converting to substances other than minerals was done. The samples were 

placed in the fridge in -80 ° C [4]. When all samples were collected, analyzes 

were performed at the same time.The analyzes were conducted in the same 

study series to avoid the difference within and between days [9]. Before 

performing this examination, the samples were demolished, as 20 ml of the 

sample was taken and placed in a glass container, after which 400 micro-

liters of HNO3 and 1 ml of HCL were added. It is placed inside the hood at a 

temperature of 90 ° C and treated with heat until the final volume of the 

sample reaches less than 4 ml; enter the sample with the size of the pallet 

tube extending to 4 ml of distilled water. After demolishing, examine the 

samples using the atomic absorption spectrometer. 

 

2.3 Microbiological Assessments 
 

     To establish the total amount of bacteria in the water samples collected at 

FC (Agar) medium was used, the (sterile) filter paper was placed at the 

specified location of the filter unit. Transfer 100 ml of the sample to the filter 

and container. Using sterile forceps, the filter paper is transferred and placed 

on the surface of the pre-prepared FC agar (-M) pre-prepared FC agar (5-7 

ml in a small dish) without any voids. Leave the plate for a while until the 

paper sticks well to the food medium, which appears in the filter paper in red. 

Incubate the dish at 44.5 ° C for 24 hours and record the final result after 48 

hours. The positive outcome must be compared to both positive and negative 

control [1]. 

 

3   Results and Discussion 
 
3.1 The results of physiochemical and Biological Analyze 
     

To determine the clinical laboratory wastewater characterization in the 

hospital is presented in Table 2. Where the average of the pH in the hospital 

wastewater was [7.62] as shows in fig (1), the wastewater of hospital is 

usually basic. Heavy used of antiseptics may however be associated with a 

pH change between various ranges.Whereas, Values of the liquid waste 

dumped from hospital by means of tank cars) 7.67 (from table 3. 

The current study found that the average of EC in the hospital 

wastewater was [1464] µS/cm, as shows in fig (2). Because of the high 

temperature and the rate of evaporation may be high and then increase in the 

deposition of salts. Whereas, the values of the rate of liquid waste discharged 

from the hospital by means of tank cars) 1618 µs/cm from table 3.The 

current study found that the average of the TSS was [166] mg/L in the  
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hospital wastewater as shows in fig (3). The rate was outside of the hospital) 

240 mg/l from the table 3.The current study found that the average of the 

chlorine ion in the hospital wastewater was [869] mg/l as shows in fig (4). It 

has been suggested that CL may originate from groups used in the devices 

and the sera of patients. The rate was out of the hospital) 911) mg/l from the 

table 3.  

     The current study found that the average of sulfate ion in the hospital 

wastewater was [679] mg/l as shows in fig (5). This is due to the anaerobic 

processes of sulfur-containing compounds and hydrogen sulfide 

condensation, which can be oxidized in the air to sulfuric acid. The rate was 

outside of the hospital) 777) mg/l from the table 3.  

     The results of the study showed that an average of nitrate ion was [8.57] 

mg/l as shows in fig (6).It is worth noting that hospital waste contains high 

levels of organic and inorganic filtration in addition to containing large 

bacteria that lead to the nitrification process that transforms ammonia into 

nitrate. The rate was outside of the hospital) 28) mg/l from the table 3.  

      Study results showed that an average of BOD was [385] mg/l  as shows 

in fig (7),  and the reason is due to a high organic load, and that good 

ventilation dissolves a large amount of oxygen necessary to activate air 

bacteria, which in turn feed on suspended and dissolved organic waste and 

convert it into carbon. The rate was outside of the hospital) 400) mg/l from 

the table 3.  

    The demand for chemical oxygen (COD) is an essential and rapidly 

measured variable for characterizing effluent from water sources, waste, 

industrial waters, and treatment plants. The COD values were correlated with 

important factors such as allochthonic as well as autochthonous inputs. In a 

current study, COD rate was [647] mg / L from Table (1) as shown in fig (8), 

and the rate outside the hospital was) 801) mg / L from Table 3. 

      Study results showed that a rate of fecal coliform bacteria (FC) for 

hospital discharges reaches [135 * 10 ^ 3] NPP / 100 ml from Table 1, as 

shown in Figure (9). While the external waste, the bacteria rate ranged [299 * 

10 ^ 3] From Table 3. 

 

                     
Figure 1: Influent of (PH) variations of the wastewater Septic Tanks 
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Figure 2  Influent of (EC) variations of the wastewater Septic Tanks 

 

 
Figure 3  Influent of (TSS) variations of the wastewater Septic Tanks 

 

 
Figure 4  Influent of (CL) variations of the wastewater   Septic Tanks 
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Figure 5 : Influent of (SO4) variations of the wastewater   Septic Tanks 

 

 
Figure 6 : Influent of (NO3) variations of the wastewater   Septic Tanks 

 

 

 
Figure 7: Influent of (COD) variations of the wastewater   Septic Tanks 
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Figure 8: Influent of (BOD) variations of the wastewater   Septic Tanks 

 

 
Figure 9: Influent of (FC) variations of the wastewater   Septic Tanks 

          

3.2 Heavy Metals 
 
    Five types of heavy elements were chosen, represented by [pb, Ni, Cr, Cd 

and Ag]. The reason for choosing these elements was that they are 

considered more used in the hospital. The study results showed that liquid 

waste rates of inter from hospital for these elements ranged between [0.67, 

0.17, 0.17, 0.04, 0.05] µg/l, respectively from table 1 and as in Figures (10 -

14)  while the rates of exiting from the hospital by means of pelvic cars 

ranged between [0.91, 0.72, 0.75, 0.11, 0.03] µg/l respectively from table 2 .  

 

 

 

 

 

 
 

 

 

 

 

 

Figure 10: Influent of (Pb) variations of the wastewater Septic Tanks 
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Figure 11: Influent of (Ni) variations of the wastewater septic tanks 

 

 
Figure 12: Influent of (Cr) variations of the wastewater Septic Tanks 

 

 
Figure 13: Influent of (Cd) variations of the wastewater Septic Tanks 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14: Influent of (Ag) variations of the wastewater   Septic Tanks 
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Table (2) shows all the Physico-chemical properties represented (PH, 

EC, TSS, CL, SO4, NO3, BOD, COD), as well as the microbiological 

properties represented by the total number of coliform bacteria in addition to 

five types of heavy elements (Pb, Cr, Ni, Cd, Ag) for the wastewater, enter 

from the Morgan Hospital.  

 
Table 2: Result of the physiochemical and bacteriological characterization of the 

influent of the septic tank 

Parameters Unit Avarage Minima Maxima Standard 

deviation 

N 

pH U 7.62 7.07 8.21 0.31 26 

EC         µS/cm 1487 1050 1850 226.71 39 

TSS mg/L 869 136.4 194.4 24.45 13 

CL mg/l 166 200 1200 319.86 13 

SO4 mg/L 679 586 801 55.40 13 

NO3 mg/L 8.57 7.19 9.82 0.74 13 

COD  mg/L 647 285 998 226.10 13 

BOD mg/L 385 110 760 177.41 13 

Pb µg/L 0.67 0 3.67 1.03 13 

Ni µg/L 0.17 0.0 0.49 0.17 13 

Cr total µg/L 0.17 0 1 0.37 13 

Cd µg/L 0.04 0 0.18 0.063 13 

Ag µg/L 0.05 0 0.54 0.15 

 

13 

Faecal c. NPP/ 

100 

mL 

135*10^3 0 299 

*10^3 

119.83 

*10^3 

13 

 

Table (3) shows all the Physico-chemical properties represented (PH, 

EC, TSS, CL, SO4, NO3, BOD, COD), as well as the microbiological 

properties represented by the total number of coliform bacteria in addition to 

five types of heavy elements (Pb, Cr, Ni, Cd, Ag) for the wastewater, inlet 

and outlet  from the Margan Hospital. And its comparison with the Iraqi 

allowable limits, it was found that all of them exceeded the environmental 

determinants of sanitation. Except for hydrogen ions (PH) and nitrate ion 

(NO3), the permissible limit has not been exceeded the limitation. 

 

 

 



 

                                                                                                                  

 

 

 

 

 

 
3980 Zahraa Saad Jabbur et.al 

 
Table 3: Comparison of Average concentration at the septic tank inter and outer, 

waste water with Iraqi limitation 

Parameters Unit Mean 

concentration 

at septic tank 

inlet 

Mean 

concentration 

at septic tank 

outlet 

Iraq Standard 

Wastewater 

discharged 

(1967) 

pH U 7.62 7.67 6.0-9.5 

EC µS/cm 1487 1618 --- 

TSS  mg/l 166 240 60 

CL mg/L 869 911 < 600 

SO4 mg/L 679 777 400  

NO3 mg/L 8.57 28 50 

COD mg/L 647 801 < 100 

BOD5 mg/L 385 400 < 40 

Pb µg/L 0.67 0.91 0.1 

Ni µg/L 0.16 0.72 0.2 

Crtotal µg/L 0.17 0.75 0.1 

Cd µg/L 0.04 0.11 0.01 

Ag µg/L 0.05 0.03 0.005 

Faecal c. NPP/ 

100 mL 

135*10^3 343*10^3 --- 

            

4 The Conclusion  
      

The current research was designed at examining the general 

contamination of wastewater at the Marjan Teaching Hospital with a capacity 

of 380 beds. As a result of the analysis, COD, BOD ratio in hospital 

wastewater was found to be very high. Moreover, it was observed the heavy 

metals concentrations that might be dangerous to Human healthiness if it was 

higher than the limitation. Also found that all chemical properties exceeded 

the Iraqi determinants of wastewater No. 25 of 1967, Except that PH, NO3,  

the limitations are not exceeded. Upon analysis, Elevated levels of 

pathogenic organism have been observed in wastewater. A results of this 

study clearly showed that hospital wastewater is very dangerous  unless 

treated before discharge into the environment. In addition, Marjan Hospital 

does not have a sewage treatment plant, so it is considered a major and 

serious problem if it is not treated. 
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