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ABSTRACT

This study aims to investigate effect of disinfectants on efficiency of hospital
Wwastewater treatment. Different types and concentrations of the disinfectants were
tested to determine their influences to the wastewater treatment system. The duplicate
batch experiment (laboratory scale) was conducted for 8 hr. Three commercial
disinfectants including Glutaraldehyde (GA), Povidone Iodine (PD), and Eco-friendly
biocide (EB), the most three types used in the hospital, were chosen. Synthetic
wastewater with initial chemical oxygen demand (COD) of approximately 300 mg/L
and acclimated activated sludge of 1,000 mg/L of suspended solids were used. The
result showed that after testing for 8 hr, COD removal efficiency from the test with PI
was about 43% while the COD removal of other tests (GA, EB, and no disinfectants)
were 64-70%. This indicated that PI (inhibition of 48%) substantially affected the
Wwastewater treatment efficiency whereas GA (inhibition of 14%) and EB (inhibition
of 5%) just slightly influenced the wastewater treatment system. In later experiment,
only PI was focused. For the effect of disinfectant concentrations, the result showed
that the tests at PI concentrations of 0.1, 0.2, and 0.3% (of the hospital used
concentration) reduced COD by 48, 28, and 22%, respectively (inhibition of 48-60%).
A higher concentration resulted in more adverse effect.

KEYWORDS
Disinfectant; Inhibition; Hospital wastewater treatment

INTRODUCTION

It has been known that hospital is one of service facilities producing a large amount of
wastewater (Boller, 1997; Chitnisa et al., 2004; Verlicchi et al., 2010). Since hospital
Wwastewater was verified as a major source of emerging pollutants; therefore, in many
countries, hospital wastewater treatment systtm was required. Typical hospital
Wastewater treatment systems are activated sludge processes (Figure 1). It was
commonly found that the treated effluent from the systems did not meet hospital
wastewater standard for organic (BOD or COD) removal. One of potential major
sources could be biocides including disinfectants contaminating in the wastewater
(Chitnisa et al., 2004; Rezace et al., 2005).

Disinfectants are chemicals used for disinfection of surfaces, instruments and skin. It
is known that a large amount and various types of disinfectants are used in hospital,
such as halogenated, aldehyde, and phenolic compounds. The disinfectants do not
only kill germ for medical purpose but also can cause failure in wastewater treatment




system. Bodik et al. (2008) found that hypochlorite-based disinfectants inhibited
municipal wastewater treatment efficiency of 97%.

Aeration zone Settling zone
effluent
: , ® g
microorganism ° o
\‘. ® °
® ®
) g ®
influent | ® ° ® °

Returned sludge zone
Figure 1 Schematic diagram of typical hospital wastewater treatment

However, to the best of our knowledge, there is no study on effect of disinfectants on
hospital wastewater treatment. The aim of this study is to examine influence of
disinfectants on hospital wastewater treatment performance. The study includes
effects of disinfectant types and concentrations. The tests with wastewater without
disinfectant were also conducted for comparative purpose.

METHODS

Synthetic hospital wastewater

Synthetic hospital wastewater was prepared followed wastewater characteristics from
a model district hospital in Warinchamrap, Ubonratchathani, Thailand. The
wastewater synthesized from C, 2H2,0y;, CO(NH,),, and Ca(H,P0O4).H,0 at COD:N:P
of 100:5:1. The COD and pH values were approximately 300 mg/L and 6.5 to 7.0,

respectively. Three types of commercial disinfectants (Glutaraldehyde (GA),

Povidone Iodine (PI), and Eco-friendly biocide (E
were then added in the synthetic wastewater at conc

B)) with different concentrations
entrations as shown in Table 1.

Table 1 Descriptions of components in wastewater treatment inhibition kinetic tests

Test Test Reactor Disinfectant ;
No. | description* name Type Concentration**
(%, viv)
TYPE-GA GA 0.1
1 difrf?g:t(;it TYPE-P] PI 0.1
tvpes TYPE-EB EB 0.1
P TYPE-ND no disinfectant 0.0 (control)
CONC-0.1 0.1
, difﬁgi;i . [ _CONC-02 | The worst type from 0.2
concentrations |—<ONC-0.3 test 1 0.3
CONC-0.0 0.0 (control) j

* Activated sludge concentration in reactors was 1,000 mg SS/L

** The concentration used in this stud
wastewater volume (v/v).

y was the ratio of the practical volume and




Activated sludge cultivation, acclimatization, and preparation

Municipal activated sludge was used in this study to avoid residue of disinfectants in
hospital activated sludge. The activated sludge was cultivated and acclimated in a 30-
L reactor for 2 months before application. The reactor was operated in sequencing
batch reactor (SBR) mode with hydraulic retention and solid retention times of 1 and
30 days, respectively. Dissolved oXygen concentration (DO) of higher than 1 mg/L
was continuously supplied.

The activated sludge from the 30-L reactor of 1,000 mL was centrifuged at 7,000 rpm
for 10 min to obtain concentrated cells. The concentrated cells were vigorously
resuspended in sterile de-ionized water (DI) of 10 mL. The concentrated cells were
used.

Wastewater treatment inhibition kinetic test: effect of disinfectant types

This study focused on the effect of disinfectant types on wastewater treatment
inhibition. Based on three-year inventory information given by the model hospital, the
three highest utilized disinfectants (GA, P1, and EB) were selected. The experiment
aimed for choosing the worst disinfectant based on wastewater treatment performance
for later experiment.

Duplicate experiment contained 4 reactors including reactors testing effects of GA,
PI, EB, and control (no disinfectant) designated TYPE-GA, TYPE-PI, TYPE-EB, and
TYPE-ND, respectively (Table 1). The synthetic wastewater (250 mL) with
disinfectant concentration of 0.1% by volume and the concentrated acclimatized
activated sludge (or sterile DI) was filled in the reactors. Final activated sludge in the
reactors was 1,000 mg SS/L. All reactors were shaken at 150 rpm and 30°C for 8 hr.
Dissolved oxygen concentration of higher than 1 mg/L was continuously supplied.
Wastewater samples of 10 mL were taken at once m an hour for entire of the
experiment to measure soluble COD. Wastewater treatment reaction kinetics and
Wwastewater treatment efficiency were determined. Inhibition of wastewater treatment
was then calculated as shown in equation 1 followed Ochoa-Herrera et al (2009).

Inhibition (%) = 100 x(Average activity of the reactor)/(Average activity of the control) eq. 1

Wastewater treatment inhibition kinetic test: effect of disinfectant
concentrations

This part emphasized on the effect of disinfectant concentrations on wastewater
treatment inhibition. The worst disinfectant from earlier section was selected. The
experiment preliminary figured out relationship of the disinfectant concentrations and
the nhibition.

Duplicate experiment contained 4 reactors including reactors testing effects of the
selected disinfectant at the concentrations of 0.1, 0.2, 0.3, 0.0 (control) % by volume
designated CONC-0.1, CONC-0.2, CONC-0.3, and CONC-0.0, respectively (Table
1). The compositions in the reactors, the reactor operation, and wastewater sampling
were analogous to earlier experiment. The result were then determined wastewater

treatment kinetics, wastewater treatment efficiency, and wastewater treatment
inhibition.




Analytical procedures

COD, SS, and pH were measured according to standard methods (APHAI, 1998).
After filtering water sample using GF/C filter glass paper, soluble COD was measured
by potassium dichromate digestion method. The filtrate was used for measuring SS
whereas pH was measured by using a pH meter (inoLab pH level 1, WTW GmBH,
Weilheim, Germany).

RESULTS AND DISCUSSION

Wastewater treatment inhibition kinetic test: effect of disinfectant types

The effect of disinfectant types on wastewater treatment inhibition was determined.
Figure 2 presents normalized COD remaining in the synthetic wastewater during the
test for 8 hr. Average initial COD from duplicate experiment was 370 mg/L. The
trends of COD reduction at the tests with different disinfectants and without
disinfectant were similar. The COD value rapidly decreased within the first 4-5 hr and
slightly decreased in a later period.

100(? - ® TYPEGA
S ® <V  TYPE-PI
w80 ? ; N TYPE-EB
8 4 & TYPEINC
‘<
E 0 é v v g .

8 % v
@]
- 40
<
E 20 -
z
0 . ' . _ Time (hr)
0 2 4 6 8

Figure 2 Normalized COD in the effect of disinfectant type test

At the end of the experiment (8 hr), COD reduced for 64, 50, 69, and 70% in the
TYPE-GA, TYPE-PI, TYPE-EB, and TYPE-ND reactors, respectively. This indicated
that different types of disinfectants could inhibit the wastewater treatment activities
differently. The TYPE-ND reactor which was a control (no disinfectant) removed
COD for 70% while the other reactors having chemicals decreased COD lower than
the control for 1 to 20%.

The wastewater treatment inhibition and kinetics were shown in Table 2. The
inhibition by the disinfectants ranged from 5 to 49% of the control. The removal of
COD by all reactors well fitted with the first order kinetic reaction at the rate
constants of 0.09 to 0.16 hr'.This obviously proved that the disinfectants played an
important role to the activated sludge resulting in lower wastewater treatment




performance. The disinfectants damaged microorganisms by injuring cell wall,
membrane, and cytoplasm (Verlicchi et al., 2010).

Table 2 Treatment kinetics and inhibition in the effect of disinfectant type test

| Reactor Inhibition Wastewater treatment kinetics
name (% of control) Equation* R’ Rate constant (hr')
TYPE-GA 14.11 Y =-0.15X+4.49 0.79 0.15
TYPE-PI 47.85 Y =-0.09X+4.60 0.97 0.09
TYPE-EB 4.82 Y =-0.15X+4.50 0.97 0.15
| TYPE-ND Control Y =-0.16X+4.44 0.87 0.16

"Y =1In COD and X = time

Povidone-iodine affected the treatment efficacies of 3 and 10-time higher than GA
and EB. Even though EB chemical structure is confidential, it is obvious that EB is a
disinfectant good for the environment. Therefore, it just slightly affected wastewater
treatment activity. Between GA and PI, it is known that GA considered as moderate
to high efficient disinfectant while PI is moderate efficient disinfectant. However, the
wastewater treatment inhibition and kinetics turned out contradictory. It may be
because PI was normally used for treatment of skin infection and wound but GA was
for instrument disinfection. Therefore, PI concentration applied in the hospital was
higher than GA resulting in concentrations (0.1% of used concentration by volume)
contaminated in wastewater were different (PI concentration was higher than GA).

Wastewater treatment inhibition kinetic test: effect of disinfectant
concentrations

The effect of disinfectant concentrations on wastewater treatment inhibition was
determined. Figure 3 presents normalized COD remaining in the synthetic wastewater
during the test for 8 hr. In the control reactor (CONC-0.0), the COD value rapidly
decreased within the first 6 hr and slightly reduced thereafter. The trends of COD
reduction in all tests with disinfectants were similar. The COD value gradually
reduced for entire of the experiment. At the end of the experiment (8 hr), COD
removal efficiencies of 50, 27, 23, and 85% from the CONC-0.1, CONC-0.2, CONC-
0.3, and CONC-0.0 reactors, respectively were observed. This indicated that higher
concentration of disinfectants attributed to lower the wastewater treatment. Similar
result also found in the previous study (Ochoa-Herrera et al., 2009). The study
reported higher fluoride concentrations (5 to 300 mg/L) lessened wastewater
treatment efficiency.

The wastewater treatment inhibition and kinetics were shown in Table 3. The
inhibition by the disinfectants was between 48 and 61% of the control. The removal
of COD by the reactors with disinfectants followed the first order kinetic reaction at
the rate constants of 0.03 to 0.09 hr' This clearly indicated that the disinfectant
concentrations influenced to wastewater treatment performance. Moreover, based on
the results from the CONC-0.2 and CONC-0.3 reactors, it could say that the PI
concentration of 0.2% or higher were completely inhibited the wastewater treatment
activity. The COD value of approximately 20% which was removed may be from
microorganism tolerating to PI. However, it is inconclusive; the continued work on
antimicrobial resistant community in this case should be performed.
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Figure 3 Normalized COD in the effect of disinfectant concentration test

Table 3 Treatment kinetics and inhibition in the effec

t of disinfectant concentration

test
Reactor Inhibition Wastewater treatment kinetics
name (% of control) Equation* R’ Rate constant (hr)
CONC-0.1 47.85 Y =-0.09X+4.60 0.97 0.09
CONC-0.2 60.42 Y =-0.03X+4.57 0.77 0.03
CONC-0.3 60.71 Y =-0.03X+4.58 0.91 0.03
CONC-0.0 Control Y =-0.25X+4.64 0.98 0.25 ]

Y=In COD and X = time

CONCLUSIONS

It has been known that hospital wastewater treatment systems are not successfully
operated. This could be from numerous chemicals used in hospitals including drugs,
disinfectants, and laboratory chemicals. Povidone-iodine substantially inhibited the
wastewater treatment efficiency (inhibition of 48%) whereas other disinfectants
insignificantly influenced the wastewater treatment system. A higher concentration
resulted in more adverse effect to wastewater treatment efficiency and microorganism
activity. The continued work on wastewater treatment abatement should be performed
for solving the problem. Also, the work on disinfectant-tolerated microbial
community was recommended for insi ght information.
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GeoTrop 2010 Conference, the 6% International
Conference on Environmental Geochemistry in
Tropics--Urban Issues has extended its abstract
submission deadline up to August 1, 2010.

The GeoTrop conference series aims to bring
together colleagues from tropical and subtropical
countries to exchange and present new
information and achievements on urban
environmental pollution and related basic
environmental chemistry and geochemical
research. In the past few decades, urbanization
has been a dominant anthropogenic influence on
environmental quality in tropical countries and is
increasingly challenging environmental
tolerances and capacities. Water, air, and soil are
suffering from these emerging challenges.
Scientists have an important role to play in
sustainable and healthy development in tropical
cities.

GeoTrop 2010 Conference welcomes
presentations (oral and poster) on toxic metals,
persistent organic pollutants, hydrological and
hydrogeological issues, air, water, and soil
pollution, estuarine and near-shore environments
as well as more basic research on ecology, soil
and sediment, and waters. Participation from non-
tropical areas is welcome, where studies are
relevant to tropical problems,

To meet the wide and ambitious scope, the
committees of GeoTrop 2010 Conference have
recruited seven keynote speakers distinguished

internationally to present plenary talks in the
conference. They are:

Dr. Peter M. Groffman
Senior Scientist, Cary Institute of
Ecosystem Studies, USA

Title: The Bio-Geo-Socio-
Chemistry of Urban Watersheds

Chair Prof. Dr. Ming Hung Wong g
Director, Croucher Institute for .
Environmental Sciences

Hong Kong Baptist University,
China

Title: Some Emerging Chemicals Management
Issues in Developing Countries and Countries with
Economies in Transition

Prof. Dr. Max M. Higgblom
Chair, Department of Biochemistry
& Microbiology

Rutgers, The State University of
New Jersey, USA

Title: Microbes to the Rescue: Harnessing the
Activity of Dehalogenating Bacteria for Cleanup of
Contaminated Sediments

Prof. Dr., Kyoung ~-Woong Kim
Dean, School of Environmenta]
Science and Engineering
Gwangju Institute of Science and
Technology, Korea

Title: Arsenic in Groundwater Resources in Hanoi
and Hanam Provinces in Vietnam

Prof. Dr. Zhij Hong Cao
Ex-director, Institute of Soj Science,
Chinese Academy of Sciences, China

Title: Origin of Chinese Paddy Soils
and its Wetland Function for Living
Wastewater Treatment

Prof. Dr. Yong Ming Luo

Director, Key Laboratory of Soil
Environmental and Pollution
Remediation, Institute of Soil Science,
Chinese Academy of Sciences, China

Title: Remediation and Sustainable Uses
of Soil and Groundwater in Urban Contaminated Sites

Prof. Dr. Andrew Meharg
Chair, Department of Biogeochemistry
University of Aberdeen, UK

Title: E-wastes and Plastics Burning —
Multiple Contaminant Sources to Urban
Environments




