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Background: Wastewater effluent in hospitals has been increasing during the recent decades due to developments in medical services
and products.

Objectives: This study aimed to investigate the qualitative parameters of effluent wastewater in hospitals affiliated to Babol University of
Medical Sciences (BUMS).

Materials and Methods: Four hospitals were included and their wastewater effluent was studied. Ninety-six composited samples were
collected and sent to the laboratory for determining pH, biochemical oxygen demand (BOD;), chemical oxygen demand (COD), total
suspended solids (TSS), total kjeldahl nitrogen (TKN), total phosphorous (TP), heavy metals, total coliforms (TC) and total heterotrophic
bacteria counts (THBC) based on standard methods.

Results: Mean + SD pH of the wastewater was 7.6 + 0.4. Mean £ SD BOD COD, TSS, TKN and TP were 372 £173 mg|L, 687 £ 231 mg(L, 289 £ 132
mg(L and 15 + 5.5 mg|L, respectively. Mean concentration of Pb, Cd, Zn, Cr, Ni, Co, Hg, Fe and Cu were 26.5 (g/L), 2 (g/L), 429 (g/L), 34 (g/L), 30
(g/L),3.7(gL), 7.5 (g/L), 2.1 mg|L and 49 (g/L), respectively. The total coliforms and heterotrophic bacteria were 5.4 x10% MPN/100 mLand 2.6
%1019 CFUJmL, respectively. Total wastewater quantity and its organic loading rate were 169 263 m and 62 966 kg in a year, respectively.
Conclusions: Most of the qualitative indices evaluated in wastewater effluent of hospitals of BUMS were higher than effluent discharge
standards of Iran Environment Protection Agency (IEPA). These wastewaters are usually purified improperly by wastewater treatment
plants of these hospitals and polluted effluents which empty to the Babol Rood River and Caspian Sea can potentially endanger public

health, natural resources and wildlife.

Keywords:Hospital; Waste Water; Effluent; Heavy Metals

1. Background

Hospital wastewater generation has been increasing
during the recent decades as a result of development in
medical services and products (1-3). Multiple practices
that happen in hospitals (surgery, drug treatments, radi-
ology, laundry, operation room, chemical and biological
laboratories, etc.) are a principal source of pollutant dis-
charge into the environment (4-6). Most of these pollut-
ants such as detergents, disinfectants and drug residues
can be found in hospital effluents, municipal wastewater
collection systems and finally aquatic environments (7-
9). Polluted wastewater discharged from hospitals causes
many environmental hazards. These problems are differ-
ent in terms of the activity and nature of hospitals (1, 10,
11). The World Health Organization (WHO) reported that
about 85% of hospital wastes are non-hazardous, 10% in-
fective and 5% non-infective but hazardous, in the United
States of America (10). Hospital wastewater effluents con-
tain pathogenic microorganisms, pharmaceutical par-

tially metabolized, radioactive elements and other heavy
metals and toxic chemical compounds such as Cu, Fe, Cd,
Pb, Hg, Ni, Pt, Cyanide, Phenol and others (2, 4,12,13). Hos-
pitals discharge plenty of undesired potential pathogens
like antibiotic-resistant bacteria and viruses (14-18). These
hazardous agents which remain in wastewater treatment
plants can provoke the pollution of the natural environ-
ment by causing biological imbalances (5).

In many cases, hospital wastewater is considered as an
effluent with a similar quality to municipal wastewater,
but due to activities that take place within the hospital it
may also contain various potentially hazardous compo-
nents including microbiological pathogens, hazardous
chemical compounds, disinfectants, pharmaceuticals
and radioactive isotopes (1, 4, 7).

Babol cityislocated in the center of Mazandaran province
at a longitude of 33 degrees, 52 minutes and 43 degrees, 51
minutes and at latitude 40 degrees, 36 minutes and 36 de-
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grees, 35 minutes. The city’s population is 256 433 people
with an area of about 10 431 square kilometers. Much of
the municipal and household wastewaters of the city with-
out treatment are discharged to cesspool and Babol Rood
River. According to laws and regulations, treated hospital
wastewater can be discharged into wastewater collection
systems (1, 2). In general, there are six hospitals in the city
of Babol of which four hospitals are affiliated to BUMS and
two other hospitals are owned by the private sector. The
catchment of Babol Rood river is located south of Babol
city and its area is 1746.47 km? with a length of 110.7 km, a
maximum altitude of 3180 m and a minimum height mi-
nus 10 m (-10 m) and an average slope of 0.74 m.

Referral of a large number of patients from different
cities of Mazandaran province and neighboring prov-
inces in hospitals of BUMS and various technical services
in health-care centers has caused increasing changes in
quantity and quality of wastewater. For the sake of the
ecosystem and valuable and susceptible natural resourc-
es of this province such as river, sea, jungle, agricultural
areas and pasturelands, it is necessary to continuously
assess and monitor the quality of wastewater and its dis-
posal by health-care centers.

2. Objectives

The aim of this study was to determine the chemical in-
dices, including pH, biochemical oxygen demand (BODy),
chemical oxygen demand (COD), total suspended solids
(TSS), total kjeldahl nitrogen (TKN) and total phospho-
rous (TP), as well as chemical indices, including total
coliforms (TC) and total heterotrophic bacteria counts
(THBC), and heavy metals concentration of wastewater
effluents from the hospitals of BUMS.

3. Materials and Methods

Babol is one of the most important cities of the Ma-
zandaran province regarding population, economy and
agriculture. This city is located in the central section of
Mazandaran province and is twenty kilometers far from
Caspian Sea. This city has six hospitals and in order to
determine the quality of wastewater effluents, four edu-
cational hospitals were selected. Ninety-six composited
wastewater samples were collected from the studied hos-
pitals (24 samples for each hospital), during the summer

of 2013 (20™ of June 20 to 20t of August), to avoid dilu-
tion effect owing to rain events. They were collected in 1
L plastic bottles then immediately sent to the water and
wastewater chemistry laboratory of BUMS for analysis.
Chemical and physical parameters including pH, TSS,
BOD,, COD, TKN, TP and total heavy metals (Hg, Cd, Pb, Cr,
Co, Ni and Zn) were determined according to “Standard
Methods for the Examination of Water and Wastewater”
(19). The total coliforms (TC) and total heterotrophic bac-
teria counts (THBC) of microbial samples were measured
using the multiple tubes fermentation and Gerhardt
methods, respectively (19, 20). Moreover, heavy metals
analysis was performed according to the Atomic Absorp-
tion Spectrometry method (19).

4.Results

The pH, TSS, BOD,, COD, TKN, TP, TC and THBC values
are illustrated in Table 1. According to these results, the
minimum, maximum and mean pH values of wastewater
were 6.9, 8.3 and 7.6, respectively. The minimum, maxi-
mum and mean concentrations of BOD, (161, 648, and 372
mg/L)and COD (379, 1187, and 687 mg/L) were determined
for the investigated hospitals. The minimum, maximum
and mean concentrations of TTS were 108, 538, and 289
mg|L, respectively, for the studied hospitals. Maximum,
minimum and mean contents of TKN were 26.5, 8.1and 15
mg|L, respectively. Maximum, minimum and mean total
phosphorous in the studied hospitals effluents were 5,
0.8,and 2.2 mg/L, respectively.

In the current study, TC and THBC were indicators of the
presence of microorganisms. Maximum, minimum and
mean concentrations of TC and THBC in wastewater of
the studied hospitals were 1.8 X 107, 2.4 x 103 and 5.4 x 108
MPN/100 mL, and 1.3 x10%2,9.5 x10° and 2.6 x 10'° CFU/mL,
respectively.

In Table 2, concentration of heavy metals such as Hg, Cd,
Pb, Cr, Co, Ni and Zn are presented. Maximum, minimum
and mean values of heavy metals (Hg, Cd, Pb, Cr, Co, Ni,
and Zn) in the four hospitals effluents were 2.5, 0.9 and
1.2 mg|L, respectively. The maximum and minimum con-
tents of heavy metals in the hospital wastewaters are re-
lated to Fe and Cd, respectively. Overall, heavy metal con-
centrations in wastewater were in the following order: Fe
>7n>Cu>Cr>Ni>Pb>Hg>Co>Cd.

Table 1. Wastewater Characteristics in the Hospitals of Babol University of Medical Sciences

Hospital pH? BOD,mg/L? COD,mg/L?® TSS,mg/L? TKN,mg/L® TP, mg/L? TC, MPN/100 mL THBC, CFU/mL
1 78405 4434205 876 +311 375+163 185+8 32418 1.8 %107 13x10'2

2 7.5+0.7 398 +194 729+ 254 3124148 16+ 6.5 2.8+16 3.5x108 8.5 %1010

3 7.6+0.6 314 £161 608 +213 2614117 1B5+4 17406 4.2x10° 5.7x108

4 74105 2034132 5344155 209 £101 1.8+37 12+04 2.4%103 9.5x10°
Total 7.6+0.6 372+173 687+231 289 132 15+55 22412 5.4x108 2.6 x10'0
Effluent dis- 5-9 30 60 40 15 4 1000

charge standard b

2 Data are presented as Mean + SD.
Iran Environmental Protection Agency (IEPA, 2008).
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Table 2. Heavy Metals Content of Wastewater in the Hospitals of Babol University of Medical Sciences @

Hospital Pb, gL  Cd,pg/L Cr, ng/L Zn, pg/L Co,png/L  Hg,pg/L Nipug/L Fe,mg/L Cu,ng/L
1 14.6 +3.6 1.8+0.9 33.5%3 654 51 21+£0.12 41+17 27.4+3 1.6+12 2611.6
2 50 £32 11+£0.8 38.4t5 468 £353 6.7+83 172116 28.4%45 3.25%+23 62+56
3 14.81+15 41+£39 35+0.9 3401191 29+27 29+0.6 28.6+0.5 1.7+1.6 56+54
4 26.6£89 0.8%£0.6 30t14 255+98 31£1.6 57%2 36+28 19+03 51.7+23
Mean 26.5+11.5 2+15 34+5.7 429 +173 3.7+3.2 7.5%5 30t9 21+1.4 49 £33.7
Effluent discharge 50 10 50 2000 50 5 100

standard, ng/L b

3 Data are presented as Mean + SD.
Iran Environmental Protection Agency (IEPA, 2008).

5. Discussion

Average pH of wastewater in the investigated hospitals
was determined to be 7.6. The mentioned range (6.9-8.3)
is suitable from the viewpoint of wastewater treatment
processes and is acceptable by the Iran Environment Pro-
tection Agency (21). The acidity or alkalinity of wastewa-
ter damages wastewater collection and treatment facili-
ties and disrupts the biological treatment processes (1, 2).

The parameters of BOD, and COD are widely used to
characterize the organic maters of wastewater (2, 4).
The minimum concentrations of BOD, and COD were
161 and 379 mg|[L) while the maximum levels were 648
and 1187 mg/L. In most hospitals, the BOD; and COD con-
centrations of wastewater are almost equal to domestic
wastewater values. Average load of organic materials of
wastewater in a year was 62 966 kg. Mean of BOD, and
COD in wastewaters of Hormozgan hospitals have been
reported as 291 mg(L and 628 mg|L, respectively (22). In
another study, average of BOD, and COD in wastewa-
ters of Teheran hospitals was 444.3 mg/L and 792 mg|L,
respectively (23). The high biodegradability of organic
matters is very desirable from the viewpoint of wastewa-
ter treatment and promotes the efficiency of wastewater
treatment plants (2).

One of the common parameters used in defining waste-
water is TSS. Moersidik (24) studied the wastewater quali-
ty of a hospital in Indonesia and found TSS concentration
to range from 36 to 269 mg|/L. Average TSS in the waste-
waters of Hormozgan and Tehran hospitals has been re-
ported as 362 and 184 mg|L, respectively (22, 23).

Nitrogen compounds are important for wastewater
treatment plant operators because of the role of nitro-
gen in the life cycle of plants and animals. Nitrogen is a
nutrient and occurs in many forms including ammonia
and organic nitrogen, nitrate and nitrite (2). Nitrogen in
raw wastewater is normally present as organic nitrogen
and ammonia forms, with small quantities of nitrite and
nitrate (6). Maximum, minimum and mean contents of
TKN were found 26.5, 8.1 and 15 mg|L, respectively. Mean
concentration (15 mg/L) of TKN was close to standards
set by IEPA for discharged effluents (21). Total contents of

Health Scope. 2015;4(2):e23222

TKN annually produced by these hospitals were 3 115 kg.
As a consequence, most of the TKN produced in the hos-
pitals is discharged into water bodies and has dangerous
effects on the environment and human health.

Phosphorus is a nutrient used by organisms for growth.
It occurs in natural water and wastewater bound to oxy-
gen to form phosphates. Phosphates are derived from a
variety of sources including agricultural fertilizers, do-
mestic wastewater, detergents, industrial process wastes
and algae growth. The latter causes taste and odor prob-
lems in drinking water supplies (2, 6). Maximum, mini-
mum and mean total phosphorous in the effluents of
studied hospitals were 5, 0.8 and 2.2 mg|L, respectively.
The amount of total phosphorus generated by the four
hospitals was 457 kg, in one year.

Heavy metals are a major concern in the treatment of
water and wastewater due to their toxic and other det-
rimental effects. Maximum, minimum and mean values
for heavy metals (Hg, Cd, Pb, Cr, Co, Ni and Zn) in the four
hospitals effluents were 2.5, 0.9 and 1.2 mgj/L, respectively.
The sum of the average concentrations of these metals
(2.68 mg|L) was greater than the standard set by the Ira-
nian law as reported in Table 2.

A serious concern regarding wastewater is the high
content of enteric pathogens including bacteria, viruses,
protozoa and helminthes, which are easily transmit-
ted through water (16). Wastewater of hospitals where
patients with enteric diseases are hospitalized is a par-
ticular problem during outbreaks of diarrheal diseases
(1, 6,15, 16). In the present study, total coliforms (TC) and
total heterotrophic bacteria counts (THBC) were indica-
tors of the presence of microorganisms. Maximum and
minimum numbers of TC in wastewater of the studied
hospitals were 1.8 x 102 and 2.4 x 103 MPN/100 mL, respec-
tively. Previous studies on Iranian hospitals showed that
TC numbers in wastewater of many hospitals of Tehran
University of Medical Sciences were between 2.2 x10% and
3.8 x108 MPN/100 mL (21), and in hospitals of Iran Univer-
sity of Medical Sciences this was 1400 MPN/100 mL (24).

Considering the estimated quantity of wastewater
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produced by these hospitals (177, 175 m3[year) and those
generated by other places such as private hospitals, clin-
ics, industries and homes, overall the amount of waste-
water which discharges to Babol Rood River and Caspian
Sea will be more than 177175 m3[year. On the other hand,
these hospitals produce 192 840 kg per year of biologi-
cal organic materials discharged into environmental re-
sources such as sea and rivers. This quantity of pollution
along with other hazardous materials discharged by oth-
er pollutants will endanger public health and degrade
natural resources of the city of Babol, one of the major
urban centers in the province of Mazandaran. In addi-
tion, the presence of chemical materials such as antibiot-
ics, antineoplastics, organic chlorinated compounds and
other hazardous materials in the hospital wastewater
and disability of wastewater treatment systems will re-
sult in many environmental disorders and consequently
harmful effects on human health of this city.

Acknowledgements

The authors thank and appreciate the Deputy of re-
search and technology of Babol University of Medical Sci-
ences.

Funding/Support

This project was financially supported by the Research
Deputy of Babol University of Medical Sciences.

References

1. Emmanuel E, Perrodin Y, Keck G, Blanchard JM, Vermande P. Eco-
toxicological risk assessment of hospital wastewater: a proposed
framework for raw effluents discharging into urban sewer net-
work. ] Hazard Mater. 2005;117(1):1-11.

2. Tchobanoglous G, Burton FL, Stensel HD. Wastewater Engineering:
Treatment and Reuse.New York: McGraw-Hill Education; 2004.

3. Amouei AA, Asgharnia HA, Goodarzi ], Salehi A. Characteristic of
Wastewater in the Hospitals of Babol Medical University (Iran). ]
Babol Univ Med Sci. 2010;12(2):77-82.

4. Ekhaise FO, Omavwoya BP. Influence of hospital wastewater
discharged from University of Benin Teaching Hospital (UBTH),
Benin City on its receiving environment. Afr | Appl Zool Environ
Biol.2008;10:56-60.

5. Mahvi A, Rajabizadeh A, Fatehizadeh A, Yousefi N, Hosseini H,
Ahmadian M. Survey wastewater treatment condition and ef-
fluent quality of Kerman province hospitals. World Appl Sci J.
2009;7(12):1521-5.

6. Verlicchi P, Galletti A, Petrovic M, Barceld D. Hospital effluents

10.

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

as a source of emerging pollutants: An overview of micropol-
lutants and sustainable treatment options. | Hydrol. 2010;389(3-
4):416-28.
Majlesi NM. Study of Wastewater disposal status and effluent
quality in hospitals of shahid beheshti university of medical sci-
ences, 1998. Pejouhandeh. 2001;6(4 (24)):371-6.
Escher BI, Baumgartner R, Koller M, Treyer K, Lienert ], McArdell
CS. Environmental toxicology and risk assessment of pharma-
ceuticals from hospital wastewater. Water Res. 2011;45(1):75-92.
Carballa M, Omil F,Lema JM, Llompart M, Garcia-Jares C, Rodriguez
I, etal. Behavior of pharmaceuticals, cosmetics and hormonesina
sewage treatment plant. Water Res. 2004;38(12):2918-26.
Jolibois B, Guerbet M. Hospital wastewater genotoxicity. Ann Oc-
cup Hyg. 2006;50(2):189-96.
Kimmerer K, Helmers E. Hospital effluents as a source for plati-
num in the environment. Sci Total Environ.1997;193(3):179-84.
Lenz K, Koellensperger G, Hann S, Weissenbacher N, Mahnik SN,
Fuerhacker M. Fate of cancerostatic platinum compounds in bio-
logical wastewater treatment of hospital effluents. Chemosphere.
2007;69(11):1765-74.
Giger W, Alder AC, Golet EM, Kohler HPE, McArdell CS, Molnar E,
et al. Occurrence and Fate of Antibiotics as Trace Contaminants
in Wastewaters, Sewage Sludges, and Surface Waters. CHIMIA Int |
Chem.2003;57(9):485-91.
Brown KD. . Pharmaceutically active compounds in residential and
hospital effluent, municipal wastewater, and the Rio Grande in Albu-
querque, New Mexico.. Albuquerque, New Mexico: The University
of New Mexico; 2011.
Anderson PD, D'Aco V], Shanahan P, Chapra SC, Buzby ME, Cun-
ningham VL, et al. Screening analysis of human pharmaceu-
tical compounds in U.S. surface waters. Environ Sci Technol.
2004;38(3):838-49.
Chitnis V, Chitnis D, Patil S, Kant R. Hospital effluent: a source of
multiple drug-resistant bacteria. Curr Sci. 2000;79(7):989-91.
Pauwels B, Verstraete W. The treatment of hospital wastewater:
an appraisal. ] Water Health. 2006;4(4):405-16.
Chitnis V, Chitnis S, Vaidya K, Ravikant S, Patil S, Chitnis DS. Bacte-
rial population changes in hospital effluent treatment plant in
central India. Water Res. 2004;38(2):441-7.
Eaton AD, Clesceri LS, Greenberg AE. Standard methods for the
examination of water and wastewaterWashington DC: American
Public Health Association; 2005.
Gerhardt P, Wood WA, Krieg NR. Methods for General and Molecu-
lar Bacteriology.Washington DC: American Society for Microbiol-
0gy; 1994.

IEPA. Environmental regulations and standards of Iran. Iran
Global Environmental Law. Tehran: 2008. pp. 234-39.
Sarafraz S, Khani M, Yaghmaeian K. Quality and quantity survey
of hospital wastewaters in Hormozgan province. Iran | Env Health
Sci Eng. 2007;4(1):43-50.
Mesdaghinia A, Naddafi K, Nabizadeh R, Saeedi R, Zamanzadeh
M. Wastewater characteristics and appropriate method for
wastewater management in the hospitals. Iran J Public Health.
2009;38(1):34-40.
Moersidik S. . Technology alternatives for hospital waste man-
agement. Seminar Limbah Rumah Sakit. 14 Sept 1993 Universities
Indonesia, Jakarta, Indonesia. 1993..

Health Scope. 2015;4(2):e23222



