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Ph.D., PATOMPONG SAGUANWANG M.A,, M.B.A. .......P. ISBN 974-04-1739-6

This study aims to define possibilities of using water generated from a
community hospital wastewater treatment plant in Phathumtani province, and to
propose an appropriate cost-effective investment plan. The Nong Sue Hospital was
selected as the study site. A survey of 4 activities involved in water use has been
undertaken. These activities are laundry washing, floor cleaning, plant watering and

car washing.

The water quality analysis of the wastewater from the treatment plant and
design of appropriate system by water recycling based on economic analysis,

especially of NPV and IRR, have also been explored.

The result of this study shows that recycled water could be used for plant
watering taking into account the water quality and the economic indicators (Net
Present Value (NPV) = 48,529.19, Internal Rate of Return (IRR) = 212%). Therefore,
the investment base on water recycling for plant watering is cost-effective
economically, and environmentally. Also, further‘ analysis indicates that the return on
investment could be achieved within 6 months, which reinforces the cost-

effectiveness of the project.
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CHAPTER1

INTRODUCTION

Rationale and Background

Community hospital is a place that provides treatments as well as
accommodates patients and its officers. It is certain that many activities in hospital
generate wastewater which is similar to that of households, laundry, and restaurant.
However, it contains higher level of chemicals, organic substance, and germs.
Wastewater from hospitals has comparable characteristics to domestic waste. The
only difference is hospital waste carries more pathogenic microorganisms in both
quantity and variety than households. Hospital wastewater, therefore, is more harmful
to community if it is discharged directly to public canal without eliminating

contaminated substances. This would have impact to the environment.

Hospital wastewater can cause (1) the spread of diseases such as dysentery,
typhoid, and cholera. The public health offices have applied one kind of bacteria
called “coliform bacteria” as a standard indicator to monitor water quality. Generally,

such bacteria reside in the intestine of human or animals without harm. However, if
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this kind of bacteria is found in highly level in a particular water source, there is a

considerable chance that there would be harmful diseases mixing in the water.

The major impact of reduction of oxygen level in water (1) is that water in
public canal obtaining wastewater from the community including hospitals would be
easily contaminated. This results from aerobic microorganism. If there is a high level
of filthy organic substances, more digesti‘on would be required and oxygen would be
declined dramatically. Biochemical oxygen demand (BOD) is a unit measuring
oxygen level required for microorganism to digest organic substances floating or
blending in water. BOD is an indirect measurement of organic substance quantity,
contaminated in water. The decrease in oxygen level would affect aquatic animals in
that water source and the following consequence is over —eutrophication which is a
case when water carry too much food elements. After organic substances such as
nitrite, nitrate, and phosphate are digested, such substances will become worthy food
essence for water plant. However, if water overwhelms with organic substances, water

plant would increase dramatically. As a result, oxygen level will reduce subsequently.

Also, wastewater impacts on water source scenery (1). Wastewater that
contains high level of bulking sludge would change watercolor. Furthermore, polluted
water would debilitate beautiful sight of public canals and disturb residence by rotten

smell.
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Realizing the above impacts, the Ministry of Public Health; hence, has
enforced “waste” elimination in wastewater from hospitals to prevent germ diffusion.
According to the public health development plan no.7 (1992-1996), all nursing cares
affiliated with the ministry of public health were regulated to acquire standard
wastewater treatment systems that can eliminate and prevent germs and toxic
substances from environment. Additionally, wastewater from hospitals was
determined to be one kind of wastewater from building that must have qualifications
compliant with the wastewater control standard, according to proclamation of the
ministry of science, technology and environment. This requirement is applied to
hospitals with 10-30 beds, categorized as type B, and that with more than 30 beds or

type A as detailed in the building-wastewater control standard dated February 4, 1994.

Phathumtani was one of the provinces declared as pollution control region
as of March 23, 1994, since the pollution in these regions had become more serious
and could harm public health. This resulted from rapid change in both economy and
social aspects due to civilization and increase of industrial factories, entertainment
businesses, communities, real estates, and hospitals. Therefore, pollution control

systems are strictly controlled from its sources, including wastewater from public.

The Phathumtani provincial office (2) has studied water deterioration
problem in Phathumtani and found that major sources of polluted water are from

communities, business places, and factories. Business places that mainly cause
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wastewater problems are fresh markets, restaurants, hotels, hospitals, and department

stores, which generate wastewater as much as 35,000 cubic meters per day.

In Phathumtani, there were 7 community hospitals widely located in many
districts which were Tanyaburi, Prachatipat, Lamlukka, Klong Luang, Ladlumkeaw,
Sam Kok, and Nong Sue. Additionally, the size of hospitals was categorized by

number of beds ranging from 10 to 60 beds as described in Table 1 (3).

Table 1 Number of beds in 7 community hospitals in Phathumtani

Hospital No. of Beds
Tanyaburi Hospital 30
Prachathipat Hospital 60
Nong Suea Hospital 30
Lamlukka Hospital 30
Ladlumkeaw Hospital 10
Sam Kok Hospital 10
Klong Luang Hospital 10
Total 180

Source: Phathumtani public health office (3)

According to action plan and investment prioritization for solving
environmental problems in Phathumtani (2), wastewater quantity and BOD in
community hospitals were evaluated by applying water consumption rate 800 liter per

bed per day. From the study of Chaiyuth Klinsukon (4), BOD loading rate for hospital




Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Appropriate Technology for Resources Development)/ 5

is 94 grams per cubic meter while the assessment of Thongchai Punsawas (5)

calculated BOD for 7 hospitals, as shown in Table 2.

Table 2 Wastewater quantity and BOD in community hospitals

Community Number Water Consumption Wastewater BOD
Hospital of Beds m3/Day m3/Day (Kg./Day)
(0.8 m3/Day/Bed) (80% of water  (0.094 Kg./ m3)
consumption)
Tanyaburi 30 24 19.2 1.80
Prachatipat 60 48 384 3.61
Nong Sue 30 24 19.2 1.80
Lamlukka 30 24 19.2 1.80
Ladlumkeaw 10 8 6.4 0.60
Sam Kok 10 8 6.4 0.60
Klong Luang 10 8 6.4 0.60
Total 180 144 115.2 10.81

The above information was calculated from water consumption rate,
wastewater proportion, and BOD loading rate, which indicated that the community
hospitals in Phathumtani were major sources. Although the community hospitals had
wastewater with fewer BOD than that of other activities, such water was an intensive
source of germs and chemical. If it was discharged directly to public water main
without any treatment into standard condition, it would cause plaque in the
community. Moreover, all 7 community hospitals mentioned above were in pollution
control area of which water pollution problems needed to be solved immediately.

Currently, there was a continuous plan conducted by Department of Pollution Control
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to relieve water contamination from many sources. Meanwhile, if the community
hospitals, major sources of wastewater, can reutilize wastewater, there would be less
wastewater discharged to public sewer and the hospitals can reduce their utility

expenses.

Thus, the researcher decided to study on how to reuse wastewater from the
community hospitals in Phathumtani to promote pollution prevention, to reduce, and
to solve water pollution at sources instead of mere pollution control or treatment to
maintain compliant standard of wastewater. This was not only a causal solution but
also an economical value-added to water resource in terms of cost saving to the
hospitals. In addition, Setiawan Wangsaatmaja (6) conducted study the environmental
management plan of Children hospital. The study revealed that if water consumption
in the hospital decreases by 7% of total wastewater or 1,034 cubic meters a day, water

expenses would decline 263,000 Baht a year.

The researcher chose Nong Sue hospital, a community hospital with 30
beds, to be a study prototype of an appropriate reutilization of wastewater for the rest

in Phathumtani and other hospitals across the country.

Objectives

1. To study and collect data on quantity and wastewater characteristics

from Nong Sue hospital, including water usage pattern of the hospital




Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Appropriate Technology for Resources Development)/ 7

2. To propose wastewater reutilization strategy through water treatment

application and to present investment feasibility by wastewater usage purposes

Scope of Study

Assess information on wastewater from the treatment system and water
consumption pattern in Nong Sue hospital, composing of laundry, floor cleaning, plant

watering and car washing

Benefits of the Study

1. Provide pattern of water consumption and wastewater quality at Nong
Sue hospital

2. Propose proper methodology for wastewater reutilization at Nong Sue
hospital

3. Promote utility-cost-saving to the hospital.

4. Pilot and demonstrate wastewater reutilization methodology that can be

adapted for other hospitals in Phathumtani and across the country
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CHAPTER 11

LITERATURE REVIEW

In this study, the researcher thoroughly investigated secondary information
from Nong Sue hospital, an affiliated of the ministry of public health. Also, concepts,
theories, document, and related research papers, which provided fundamental
knowledge, were assessed. The study content sequentially described,

2.1 role, responsibility, and organization chart of Nong Sue hospital
’ 2.2 water consumption and activities causing wastewater

2.3 wastewater quality

2.4 water treatment system of the hospital

2.5 wastewater characteristics

2.6 wastewater collection and treatment systems of the hospital

2.7 wastewater application

2.8 economical analysis and feasibility study
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2.1 Role, Responsibility, and Organization Chart of Nong Sue

Hospital

A community hospital is a public health service unit that can serve from 10
to 120 beds. It provides patients diagnosis and treatment, and promotes local public
health. Its composite service area includes households around the hospital, which has
population around 10,000. Moreover, it is positioned at department level under direct
supervision of provincial doctor and headed by hospital director who has duty and
responsibility as indicated in ministry and department act, 1991. The ministry of
public health (7) has determined role and responsibilities of a community hospital as
following;

2.1.1 Provide composite services consisting of

2.1.1.1 Treatment and recovery services: nursing, public health
verification, pharmacy, and dentistry; both internal and external office, covering
around its district;

2.1.1.2 Health promotion : mother-and-child care, vaccination,
family planning, school hygiene, nutrition, health education, mental health, dental
public health, and community pharmacy; both internal and external office, covering
population in designated area or a district where it located;

2.1.1.3 Patient transfer services for further treatment: service to
all cases not only its own patients;

2.1.1.4 Disease protection and control: general sanitation

services, environmental health, disease protection and control, guarding against
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disease; provided both internal and external office, covering population in designated
area or a district it located;

2.1.2 Provide academic services i.e. training and academically
supporting on medical and public health to public health officers at the hospitals and
other organizations as well as students, volunteers, and general public; conducting
academic research in medical and public health science;

2.1.3 Promote fundamental public health and rural area development
i.e. carry on fundamental public health in a district where the hospital located; provide
academic support in terms of workforce, tools and equipment, and other factors that
available in the hospital;

2.1.4 Others i.e. maintaining efficient database and linkage to other

organizations.

The above roles and responsibilities were determined as part of the
organization of community hospitals under supervision of the ministry of public
health, in 1991. The organization composed of 2 groups and 5 departments as
following (7);

1. Nursing: nursing services

2. Medical technical service: public health examination, x-ray,
incubation

3. General administration: personnel, cashier, administration etc.

4. Community pharmacy: pharmaceuticals

5. Dental public health: gum and dental care and treatment
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6. Health promotion department: public sanitation service such as
mother-and-child care, pregnancy care, post-delivery care, etc.
7. Sanitation and disease protection department: household sanitation,

environmental health, contagious disease protection and control, etc.

The above structure can be summarized as following organization chart as

shown in figure 1.
Hospital Director
General Administration Dept.
Nursing
Health Promotion Dept.
- Patient Care
- Operation, delivery, outer
patients
- Central service Dental Public Health Dept.
- Nutrition
Sanitation and Disease .
Protection Dept. Public Pharmacy Dept.

Medical Technical Service

- Examination Room

Figure 1 Organization chart of community hospitals; Ministry of Public Health, 1991

Source: Ministry of Public Health (7)

The community hospital has widely extended its services in order to fulfil
needs in the community (7). Workforce for a community hospital with 10-30 beds is

88 personnel and that for 60 beds is 118 personnel.
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There are 7 community hospitals in Patumthani, ranging from 10 beds to 60
beds. Nong Sue hospital (8) itself has 30 beds and 77 personnel, 1 doctor, 2 dentists, 1
pharmacist, and 35 nurses. Other than those personnel are technical staff and
administration staff. Additionally, the hospital has average 2,724 outer patients and

100 inner patients per month. Its occupied rate is 30.7 beds.

2.2 Water Consumption and Activities Causing Wastewater

Water consumption results from many activities in a hospital, which,
therefore, causes wastewater. Narong N Chaingmai (1) has divided sources of
wastewater in hospital by sources of activity i.e.

1. Outer patient department that provides services to patients ranging
from common sickness to emergency cases; sources of wastewater in O.P.D. include
bathroom, toilet, canteen, etc.

2. Inner patient ward accommodating admitted patients, relatives, and
visitors; this causes varied kind of wastewater depending on type of treatment such as
child delivery, operation, etc.; Wastewater from hospital would also adulterated with
antiseptic-germicide.

3. Laundry unit as source of wastewater mixing with germs from
clothes, bed sheets, and pillow cases; detergent and heat water can also take part in
the contamination

4. Kitchen and canteen resulting in wastewater from cooking which
causes food garbage including flesh, vegetable, particles, and fat that can block

waterway as well as restrain microorganism breeding in water treatment system
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5. Laboratory, a source of wastewater resulting from:
- cultivation in lab such as cholera, typhoid, diarrhea, dysentery,
etc.
- incubation supplies
- chemicals and antiseptic
6. Operation and delivery room causing waste from water used in
operation and child delivery as well as blood and germicide mixing in water dumped
from the room
7. Staff houses and accommodations consuming water for bathing,
washing, and cooking; such activities lead to contaminating substances in wastewater,
for instance, feces, urine, food scraps, detergent, and insecticide.
8. Central administration office having wastewater from toilet due to

urine, feces, and used water from washing activities

According to the study of Sani Thiptabiankarn (9), there are activities other
than the above that cause wastewater in hospital such as pharmacy that generates
wastewater from medicine preparation or container washing, and X-ray room that
causes wastewater contaminated by radioactive and chemicals due to film

development activity.

The study in water consumption in Children hospital of Setiawan
Wangsaatmaja (6) has found that water consumption in hospital depends on hospital
size and number of patients, staff, and rooms. The hospital consumed water 1,589

liters per bed per day while there was 538 patients at the time the study was
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conducted. In addition, the study has grouped water consumption quantity by activity

as can be seen in Table 3.

Table 3 Water consumption by activity in the Children Hospital

Activity Water Consumption (m”/day)

1.  Staff houses and accomodations 182
2.  Inner patient department and laboratory 331
3. Outer patient department 10
4.  Patients’ relatives 156
5. Staff 75
6. Laundry 14
7.  Kitchen 15
8.  Milk preparation room 15
9.  Canteen 20
10. Cleaning unit 27
11. Boiler 15
12.  Cooler 18
13.  Yard and garden 12
14. Others / Miscellaneous 126

Total 1,016

Source: Setiawan Wangsaatmaja (6)

From table 3, Setiawan Wangsaatmaja (6) has shown water consumption in
the Children hospital which was measured by;
- water meter in houses and accommodations, and canteen

- 1 inner patient consuming 1,000 liters per day
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1 outer patient consuming 10 liters per day

- patient’s relative consuming 60 liters per person per day

- staff consuming 10 liters per person per day

- observing water usage in laundry, kitchen, and milk preparation

room

- 5-work-hour of cleaning unit using % liter per second

- boiler using 13 cubic meters per day

- coolant water measured by meter

- water usage 1 liter per second for gardening 4 hours a day

- total consumption deducted by that used in the above activities

providing water usage in other activities

In addition, water consumption in hospital can be estimated from

consumption rate provided by the study of Kriangsak Udomsinroth (10) as stated in

Table 4.

Table 4 Water usage rate in public places

Activity Water Usage Rate Unit
Street washing L5 Liter/sq.m./day
Waterway Cleaning 4.5 Liter/sq.m./day
Plant Watering 28 Cubic meter/kilometer/day
Public Park L7 Liter/sq.m./day

Source: Kriangsak Udomsinroth (10)
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Moreover, the Metropolitan Waterworks Authority (11) has evaluated water
consumption in various activities in order to promote efficient water consumption i.e.

1. Activities in bathroom: 20 liters per person for showering, 110 liters per
person for bathing in bath tub, 9 liters per minute for tooth brushing, 9-13.5 liters a time for
toilet flushing

2. Activities in kitchen : 45 liters for washing fruit and vegetable by tap
water for 5 minutes, 25 liters for washing dishes in dish basin, 135 liters in 15 minutes by
turning on water tap, 50 liters a time of using dish washer and 150 liters every time washing
dish after each meal

3. Laundry activity : 40 liters for clothe washing by hand

4. Plant watering especially with sprinkler system to spray water
consuming water as much as 1,000 liters per hour

5. Car washing by using 2 buckets consuming 40 liters

6. 0.8 millimeter of water pipe leakage losing 900 liters per day, 3.2

millimeters leakage losing more than 10,000 liters per day

This research, however, applied water consumption rate for 4 major
activities at Nong Sue hospital composing of laundry by using water meter in laundry
room, floor cleaning using 1.5 liters per square meters, plant watering using a liter per
second, and car washing calculated by number of buckets of water per car per day (1

bucket: 20 liters).
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2.3 Wastewater Quality

Wastewater quality in hospital is similar to that of domestic wastewater.

The only difference is that hospital wastewater has higher pathogenic microorganism
in both quantity and variety. Sani Thiptabienkarn (9) General characteristics of
wastewater in hospital can be grouped into;

- Physical characteristics: quantity of solid substances, temperature,
color, and water odor

- Chemical characteristics: organic substance, inorganic substance,
and diluted gas

- Biological characteristics: group of microorganisms causing
diseases that combines in patients’ refuse; for instance, feces, urine, saliva, phlegm,
etc. Microorganisms range from minute to large scale that can spread out via water.
Major microorganisms in hospital wastewater compose of virus that can cause
hepatitis or diarrhea, and bacteria that are larger than virus and can be in round, bar,
and spiral shape. Cholera results from bacterium named Vibrio Cholera whereas
typhoid fever is caused by Samonella and bacillary dysentery is a consequent of
Shigella Flexneri or Shigella Dysenteria. A biggest microorganism found in
wastewater is helminthes, parasite that can reside in human body and animals. There
are many types of parasite, i.e. roundworm, earthworm, threadworm, hookworm,

flatworm, and liver fluke.

Sani Thiptabienkarn (9) analyzed water quality to monitor wastewater

quality before entering the treatment system and suggested that the investigation of
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wastewater treatment system efficiency is necessary for performance control and
evaluation, and problem analysis. Wastewater quality control consists of field
investigation and sample examination in laboratory. Hence, many studies of
wastewater quality in hospital has been conducted in order to point out contamination
level, severity of wastewater problem in hospital, and proficiency of water treatment
system, as following;

A study of wastewater large hospitals in Bangkok and its vicinity has
found that wastewater in hospital has pH 6.84, BOD 238 milligrams/liter, COD 350
milligrams/liter, SS 87.6 milligrams/liter, TKN 15.2 milligrams/liter, PO, 3.29
milligrams/liter, and FOG 631 milligrams/liter. These indicators represent

contamination of wastewater from large hospitals in Bangkok and its vicinity.

Nopneera Sangsuriya (12) has studied wastewater characteristics before

treatment in Central Chest Hospital as shown in Table 5

Table S Wastewater Quality before treatment in the system of Central Chest Hospital

Indicator PH BOD(mg/I.) COD (mg/L) TKN (mg/L)
Range 7.04-7.92 70-140 100-200 8.90-12.20
Average 7.40 103 192 10.50

Source: Nopneera Sangsuriya (12)

Moreover, biological characteristics of wastewater can be represented by
total coliform and fecal coliform that are found in wastewater before treatment. The

average total coliform is 8.8x10° MPN/100 ml. while the average fecal coliform is
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3.0x10° MPN/100 ml. and the average standard plate count is 4.0x106 MPN/100 ml.

(12).
2.4 Water Treatment System of the Hospital

A plan of the ministry of public health has determined that all affiliated
hospitals must apply wastewater treatment system. Currently, there are 4 types of
wastewater treatment system;

1. Stabilization Pond: a natural treatment system that does not use air
pump in treatment tank but microorganism in the tank will digest waste by applying
oxygen resulted from air ventilation and photo synthesis of algae; the system is
appropriate for a very small hospital since it is time-consumed system (14); the

reaction in the system is shown in figure 2.

Light \ / Cell-producing

Algae <« |
l Photo synthesis
C 02, NH4. PO4

‘ respiration \
Mlcroorganls

Organic Substrate New cell

Figure 2 Reaction in Stabilization Pond

Source: Department of Health (14)
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Stabilization pond is a natural water treatment system that does not
require additional chemicals and energy to operate system. Wastewater would be
treated by decomposing substrate in the pond for more than 10 days.

Department of health (14) has determined designing basis for
stabilization pond in order to reduce amount of germs such as cholera, typhoid, and
virus, combined in wastewater. The pond is a large well containing various kinds of
germs that are diluted and settled. There are food chains in the pond for both diseased
and non-diseased germs, for example; diseased bacteria are edible for protozoa.
Moreover, sun light can eliminate some kinds of bacteria. There are 3 separated ponds

that have depth and detention duration as shown in Table 6.

Table 6 Stabilization Pond Designing Basis as Defined by Ministry of Public Health

Pond No. Effective Depth (Meters) Duration (days)
1 2.0 not less than 10
2 1.5 not less than §
3 1.0 not less than 5

Source: Department of Health (14)

2. Aerated lagoon: a system that use air to digest waste by aerating
device in the system. The device can be either surface aerator or diffused air aerator,
which fills air into the system and causes waste mixing. Then organic substances will
be digested and fixed by microorganism. Subsequently, settling of microorganism will

fall down to the bottom and clear water will be overflown from the pond. The
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accumulated sludge is needed to be pumped out or cleaned up after 10-15 years. The
aerated lagoon is more efficient than stabilization pond and consumes less time in
treatment. This kind of pond must be 1-2 meter depth and approximately 10 days
detention time in order to avoid anaerobic process.

3. Activated Sludge: the most popular system in Thailand; it is a
biological treatment system. Waste treatment occurs in aeration tank i.e. bacteria
digests waste for its growth. Such bacteria will then be separated by settling process.
Some of these sludge would be returned to aeration tank to re-enter treatment process.
Meanwhile, excessive sludge will be discharged. The system requires only small area
but its operating cost is high since it consumes tremendous amount of energy for
aeration activity. Also, there are many devices in the system that requires a specialist.
Hence, the system is appropriate for a large hospital with limited area (14). Treatment

procedure is shown in figure 3.

] ] Aeration Clarifier
Waste water = Sand Filtration ] Tank — Tank
7

Returned Sludge ¢
Germicide Tank

L—V Wastewater

Figure 3 Activated Sludge Process

Source. Department of Health (14)



Rath Ruangchotevit Literature Review / 22

The department of Health (14) has required that the major
equipment of the activated sludge system compose of aeration tank, clarifier tank, and
sludge-dewatering unit. In addition, extended aeration methodology must be in the
first priority to implement the system that complies with the following requirements

shown in Table 7.

Table 7 Requirements for designing Extended Aeration System

Index Requirement
F/M ratio Not more than 0.2
MLSS (milligrams/liter) Not more than 6,000
Sludge Age (days) Not less than 30
HRT (hours) Not less than 18

Source: Department of Health (14)

4. Oxidation Ditch: one kind of activated sludge system with the same
principle as the extended aeration system except that the aeration tank has water
circulation and an aeration machine with horizontal-axle called roter. The aeration
machine has to circulate water flow fast enough to prevent sedimentation. Providing
sufficient air enables microorganism to grow very well. Entering clarifier tank, sludge
will be separated from effluent and then re-enter to the system whereas clear water is
chlorinated before releasing to the environment. Exceeding sediment will be vented
to sludge de-watering yard. The oxidation ditch system is commonly found in

provincial hospitals, central hospitals, and large community hospitals.
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2.5 Wastewater Characteristics

Hospitals can be major sources of disease outbreak through wastewater
from bathing and cleaning activities. Wastewater from hospital is similar to that from
community, which is full of organic substance and germs. Wastewater characteristics
can be described in terms of physical, chemical, and biological indicators (1) as
followings;

- Temperature: the average water temperature affects the chemical and
microorganism reaction.

- Solid quantity in water : total solids, suspended solids, dissolved solids

- pH: represent acidity or alkalinity

- Toxic level: harzardous material such as heavy.metal e.g. As, Pb, Cd,
Hg, Cr, Cu, etc.

- Radioactive

- Organic substance level: can be analyzed into Dissolved Oxygen (DO),
Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD)

- Organism: The reaction of microorganism in water treatment process
can reduce organic level. Wastewater analysis, therefore, has to detect microorganism
including pathogenic bacteria that can cause diseases in digestive system such as
dysentery, cholera, and typhoid. Moreover, there are many kinds of parasites in

wastewater, for example; earthworm, threadworm, hookworm, and liver fluke.

Regarding wastewater characteristics that should be assessed, there are

many studies that have investigated wastewater attributes in hospitals in order to
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evaluate and monitor wastewater treatment system, as well as investigate problems of

the system system.

Sanee Thiptabienkarn (9) has compared property of wastewater of hospitals
in Bangkok with different treatment systems. The study has found that in hospitals
with 50-120 beds using the activated sludge system have BOD 43.56 ml./liter, COD

97.7 ml./liter, suspended solid 18.6 ml./liter, and TKN 14.15 ml./liter.

Additionally, the department of health hired the Thonburi King Mongkut
Thonburi Technology University (15) to study water treatment system and wastewater
quality in 5 hospitals, i.e. Dumnern Saduag Hospital in Rajburi province, Muaglek
Hospital in Saraburi province, Napalai Hospital in Samutsongkram province,
Phraputtabat Hospital in Saraburi province, and Rayong hospital in Rayong province.
Muaglek hospital (30 beds) and Dumnern Saduag hospital (253 beds) have applied
stabilization pond whereas Napalai hospital (90 beds), Phraputtabat hospital (400
beds), and Rayong hospital (400 beds) have implemented oxidation ditch system. In

conclusion, wastewater characteristics in these 5 hospitals are shown in Table 8.
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Indicator Dumnern Muaglek Napalai Phraputtab Rayong
Saduag Hospital Hospital Hospital at Hospital Hospital

pH 83 8.4 8.1 7.5 6.3
Temperature( °C) 28.0 25 26.5 2710.9 28
BOD (mg/1) 30.0 25.6 12.1 40.5 6.6
COD (mg/l) 110 81 30 34 46
TKN (mg/1) 25.0 5.5 22 30 2.4
SS(mg/1) 40.6 48 234 0.4 12.4
Sulfilde(mg/1) 0.8 0.5 0.3 24 0.4
FOG(mg/1) 4.2 2.6 1.0 3.7 1.05.8
TP(mg/1) 2.6 0.5 1.5 6.7 19.9
Nitrate 0.3 1.9 30.5
(mg/1 as NO3)
Coliform bacteria 1.2x10° 29x10°  1.7x10°  1.2x10°  2.9x10°
(MPN/100 ml)
Fecal Coliform 3.6x10°  5.8x10° 73x10°  1.6x10°  1.1x10°
(MPN/100 ml)
Clz2(mg/1) 0.7 N/A 1.4 0.8 0.4

Source; the Thonburi King Mongkut Technology University (15)

From table 8, indicators measuring microorganism quantity, i.e. coliform

bacteria and fecal coliform, are rather high for hospital wastewater. However, there is

no wastewater standard addressing such indicators. Meanwhile, other parameters are

not significantly over-standard. Elaborately, pHs of all hospitals are in standard range

of 5-9 whereas BOD of Muaglek and Dumnern Saduag are slightly higher than 20

mg/L, a BOD standard for type-A building. Also, SSs of Muaglek, Dumnern Saduag,
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and Phraputtabat are greater than standard which is 30 mg/L while sulfide of all

hospitals are compliant with standard that must be not higher than 1.0 mg/L.

Kunnika et.al. (16) have studied pathogen in wastewater from hospital in
Bangkok by collecting samples from many spots in Phramongkutklao hospital. The
study found that level of total coliform and fecal coliform, bacteria representing water
cleanliness, was as high as 10" MPN/100 ml. On the other hand, diseased bacteria
such as Salmonella Shigella or Vibrio Sp. was not found. However, filling chlorine in
wastewater could restrain disease that can spread through water such as typhoid and

cholera.

However, wastewater quality study in community hospital has to assess
how the treatment system discharge wastewater because, in many hospitals,
wastewater is discharged at specific time and is maintained in retention pond before
released to the public canal. Moreover, the discharge process depends on wastewater

quantity and design of treatment system.

2.6 Wastewater Collection and Treatment Systems of the Hospital

Wastewater collection system at Nong Sue hospital (8) is a separated
system that isolates wastewater from rainwater. Sewage from patient ward and officer
dormitory will be collected in refuse retention pond with refuse sieve installed in each
building before discharging to sewer. In addition, wastewater from kitchen and

canteen will also pass through fat and refuse retention pond made from reinforced
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concrete before discharge. Sub-waterway has diameter 0.15 meter long while that of
main waterway is 0.2 meter. The inspection manhole, a small retention pond, is a
connecting point to pass wastewater from branch pipe to main pipe, inspect discharge
system, ventilate air, and facilitate waterway cleaning and blockage solving. The
inspection manhole is a reinforced concrete pond located apart from main waterway
not farther than 30 meters measured from center to center of each pond. Wastewater
then will be passed to a central treatment system whereas toilet sewage will be
directly delivered to deodorized pond and then main retention pond, as shown in

figure 4.

Sewage from Toilet l

Sewage duc? to activities p| Refuse Retention p| Deodorized pond
in the Hospital Pond

Sewer

Sewage from kitchen > Fat and || Main Retention
Litter Trap Pond

l Sewer

Central Treatment
System

Figure 4 Wastewater Collection System to Central Treatment System at Nong Sue

Hospital

Source. Nong Sue Hospital (8)
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Water treatment system of Nong Sue hospital is an activated sludge system
encompassing the following (8);

1. Wastewater pump system: consists of 2 water pump with pumping
rate 2 cubic meters per 1 machine hour; each pump works alternately 12 hours in
automatic mode by using float ball in the retention pond.

2. Aecration tank: aerates to provide oxygen necessary for bacteria in
organic digestion process; the tank is deSigned to have MLSS 3,500 milligrams per
liter and retention period of 28 hours; the aeration system applies 4 submersible
aerators of not less than 2 horsepower each; each 2 aerators will changeably work in
12-hour cycle i.e. operate 6 hours and stop 6 hours; it has to adjust oxygen ventilation
efficiency to not less than 1 kilogram per kilowatt per hour with level of oxygen
liquid in the tank not less than 2 milligrams per liter.

3. Sedimentation tank: sediments bacteria from water and then
delivers clear water to chlorinate tank; there is 1 sedimentation tank sized 1 meter
width, 2 meters length and 2 meters depth; the retention duration is 2.5 hours and
water overflow rate is approximately 14 cubic meter per square meter per day; a clear
water track is installed behind the tank; water outflow line is also a sludge collection
point and sludge will finally be drawn by gravity flow to a sludge holding tank; 75%
of collected sludge will be delivered back to the aeration tank.

4. Sludge holding tank: all sludge from sedimentation tank will be
drawn to the sludge holding tank and sludge recycle pump will bring 75% back to the

aeration tank whereas 25% is delivered to sludge digestion tank.
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5. Sludge digestion tank: sludge will be digested to subside its
amount in order to minimize sludge de-watering yard area; water from digestion
process will overflow to aeration tank.

6. Chlorinate tank: in order to kill germs by using chlorine liquid
10%; the tank is designed to retain water for 5 minutes and chlorine in forms of
calcium hypo-chlorite solution will be added; the solution has 60% of chlorine and
free chlorine remaining 0.2 milligram per liter.

7. Sludge de-watering yard: to dry exceeding bacterium sludge from
sedimentation tank; Sludge will be filtered by sand so that it will remain on the sand
surface and be dried out; water occurring from the process will flow back to the

aeration tank.

To operate wastewater treatment system, MLSS must be close to 3,500
milligrams per liter and the treatment occurs in interval. Moreover, wastewater flow
rate is designed to be 48 cubic meter per day per aeration tank. The wastewater

treatment system at Nong Sue hospital is shown in figure 5.
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Figure 5 Wastewater Treatment system at Nong Sue Hospital

Source: Nong Sue Hospital (8)

Microorganism is sustained at steady amount in treatment pond while air is
continuously filled in. When wastewater flow into the pond, microorganism will
digest organic substance by using oxygen emitted from aerator that also enhance
number of microorganism, part of which losing along with wastewater to the
sedimentation tank. Sludge in the sedimentation tank will finally circulate back to the

aeration tank.

The wastewater treatment system at Nong Sue hospital located in 200-
square-meter area encompassing sedimentation pond, aeration pond, and sludge de-
watering yard. Sludge obtaining from the system was applied as fertilizer. The

wastewater quality included BOD 10 milligrams per liter, suspended solid 15
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milligrams per liter, E.Coli less than 2 MPN/100 ml., and total coliform bacteria 14
MPN/100 ml. These values was measured in May 30, 2001, according to the

sanitation and disease prevention department, Nong Sue hospital (8).

2.7 Wastewater Application

In order to utilize wastewater at the hospital, water usage in various activities in
the hospital has to be assessed to enable quantity calculation of wastewater recycled.
Essentially, the more efficient the treatment system is, the more water can be reused. For
instance, treated water can be used in plant watering, car washing, floor cleaning, and
facilitating movement in treatment system such as toilet flushing. It is not only alleviate
wastewater utilization, but also relieve pressure on water demand and need to acquire
additional water sources as well as save environment. As a result, many methodologies to

utilize wastewater have been proposed i.e.

Panporn Chotepruekchukul (17) has proposed to utilize wastewater from one
activity in another facility. For example, water from dishwashing activity can be used in

plant watering and water used in car washing activity can be reused in grass watering.

To reuse treated wastewater in hospitals, water quality has to be taken into
account. The United States Environmental Protection Association or US.EPA (18)
suggested that wastewater should be used through effective water main system. Also, a
meter should be installed to measure flowing rate to assess wastewater consumption in each

activity such as grass or plant watering, floor cleaning, and retaining for other purposes.
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US.EPA additionally recommended activities appropriate for wastewater reutilization i.e.
grass watering, car washing, water circulating in fountain or mini-waterfall, fire protection,
and toilet cleaning. However, the impact to personal health and hygiene should be
addressed and avoided by preventing wastewater from mixing with pipe water and

contacting directly to human beings. The treated water quality is indicated in Table 9.

Table 9 Activities, Treatment, and Water Quality after Treatment

Activity Treatment System  Treated water Result Distance from
quality Follow-up Clean Water
Sources
- Urban Area - Wastewater has to -pH=6-9 -pH BOD: 15 meters from
- Golf Course be treated by the - BOD<10 mg/l Every sources of
- Public Park freatment systems - Turbidity<2 Sunday water for
- Car Wash such as Activated NTU - Turbidity: drinking and
- Flushing sludge, Trickling - Fecal Coliform  Daily usage
Water Filters, Rotating /100mlisnot - Coliform
- Fire Biological found Bacteria:
extinguisher Contactors, and - Free chlorine 1  Daily
Stabilization pond mg/l - Free
system Chlorine:
Daily
- The effective

treatment system
has to be able to

improve wastewater
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Table 9 (Cont.).
Activity Treatment System  Treated water Result Distance from
quality Follow-up Clean Water
Sources

quality and water
has to pass through
filtering process

- Antibiotic process

has to be applied

either chemical or /l;% ,,\,F(,W\K\\®
oo, e

biological method

i.e. chlorinating,

ozonizing, or UV

processing

Source. S, EPA (18)

From the above table, wastewater from the treatment system has to be
closely monitored and evaluated in compliance with biological quality standard,
especially fecal coliform that should not be found and free chlorine not more than 0.1
mg/L, after germicide process. In table 9, the allowable activities are golf club, public

park, car washing, toilet flushing, and fire extinguisher.

The King Mongkut Thonburi Technology University (15) has studied the

suitability and the way to develop wastewater treatment in hospitals by assessing

RIILILL) P
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wastewater improvement before discharging to water main. The study has proposed
many ways to utilize wastewater after conducting its research in 5 hospitals i.e.
Dumnern Saduag Hospital in Rajaburi, Muaglek Hospital in Saraburi, Napalai
Hospital in Samutsongkram, Phrapittabat Hospital in Saraburi, and Rayong Hospital
in Rayong. The research found that half of wastewater from hospital can be reused in;

1. grass and plant watering within the hospital

2. cleaning roads in hospital

3. building cleaning that should be done after inspecting germicide
providing that coliform bacteria and fecal bacteria must not exceed 20,000 and 4,000
MPN/ 100 ml respectively, which are water quality type 3 for agriculture.
Nevertheless, wastewater, prior to adding chlorine, in all 5 hospitals has average over
10%-10° and 10°-10° MPN /100 ml respectively. Therefore, chlorine-filling control has
to be conducted effectively and remaining chlorine should not be more than 1

milligram/liter in order to maintain standard of bacteria level in wastewater.

NitiJittavej Hospital (19), 150 beds, affiliated with the department of
mental health has utilized water derived from its treatment system for car washing,
plant watering, and road cleaning, by means of water distribution system pumping
water from the retention pond. The water distribution system was constructed at
capacity of 1,000 cubic meter and adjacent to a treatment system, oxidation ditch. As
a result, the hospital can reduce its water bill up to 20% or about 20,000 Baht per

month. The detail is shown in Table 10.
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Table 10: Wastewater Usage in Niti Jittavej Hospital

Department Activity Water Major Establishment to
Consumption Recycle Wastewater
Building - Plant Watering 80 liter/hour Connect pump line
- Building Cleaning 100 liter/hour Extend pump line
Laundry - First Water 200 liter/hour Install water pump
Laundry

Connect water pipe
Maintenance - Floor Cleaning 100 liter/hour Extend water pipe

Install water pump

Source: Niti Jittavej Hospital (19)

2.8 Economic Analysis and Feasibility Study

Nichanun Thongnak (20) has studied cost and benefits of wastewater
recycling for gardening activities in Pattaya public parks in order to present
economical feasibility and calculate indicator value representing project worthiness.
The study was conducted to supplement the city decision on re-utilizing wastewater
for gardening activities such as watering plant and grass in public parks as well as
washing road shoulder instead of using pipe water or natural water. The study mainly
considered;

2.8.1 Costs of wastewater re-utilization after treatment
2.8.2 Benefits of wastewater re-utilization

2.8.3 Project feasibility analysis
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The National Economy and Social Development Board (21) has proposed
methodologies for feasibility study that represent efficiency and economical of
resource usage providing that the analysis model must be suitable for cost-benefit
analysis. The analysis model composes of;,

1. Net Present Value: NPV

In this method, the discount rate has to be determined, as it is a rate
used to adjust future values of costs and benefits into their present values. The present
values are then differentiated between benefits and costs obtaining the net present
value or NPV. The discount rate for present value calculation is an opportunity cost of
project investment and standard rate for all kinds of investment in one economy
system both current and in the future. Generally, the government bond rate, which is
8% per year (21), is applied as a discount rate since it is a non-profit investment in

order to leverage living quality and develop national economy.

NPV = 3 [B,(l ~1)-3yc./Q- r)'}

t=0 t=0
NPV calculation model is;
or NPV =$[B,-0)/1-1)]

when Bt is benefits in year t;
Ct iscosts in year t;
r is discount rate;
t isyear tth of the project starting from 1, 2, 3, ..., n;
n is project lifetime.

Project is acceptable when NPV is positive.
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2. Benefit Cost Ratio: B/C Ratio
B/C ratio is a ratio between the present value of benefits and the
present value of project costs. The ratio represents the worthiness of project costs,
which are capital expenditure, operating expenditure, and maintenance cost. This
ration will be considered incorporating with NPV to minimize erroneous. The
calculation model of B/C ratio is;

B/Cratio = PV of benefits/ PV of Cost

s[B/a+r)]
orBC=¥Y~
zo e/ +r)]

when Bt is benefits in year t;
C: is costs in year t;
r is a discount rate or an appropriate interest rate;
t isyear t" of the project starting from 1, 2, 3, ..., n.

Project will be possible if B/C ratio is greater than 1.

3. Internal Rate of Return: IRR
IRR represents an economical feasibility of a project since it
accounts for both direct and indirect monetary benefits of the project. The National
Economy and Social Development Board determines projects worth the investment by
comparing IRR with the government bond rate or an opportunity cost of investing in
another project with similar purpose. The world bank has determined an interest rate
for developing countries at 12%. However, the National Economy and Social

Development Board has proposed 8% for Thailand.
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IRR calculation formular is;

The interest rate, r, that causes
sB/+1)]= Elcsa+r)]
t=0 t=0

or NPV = ¥[(B, -C (1 +1)]|=0
t=0
The project possibility is decided by comparing IRR with an
opportunity cost. If the project IRR is more than the opportunity cost, the project is

worth the investment.
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CHAPTER III

RESEARCH METHODOLOGY

Research Methods

The research was conducted by survey in order to assess appropriate way to
reuse water derived from wastewater treatment system in community hospitals in
Patumthani. The study begun with existing system assessment which considered
wastewater quantity and characteristics from the treatment systems as well as gained
acceptance from hospital management and staff in advantages of wastewater
recycling. Also, the research included economical feasibility study of wastewater

reutilization.

Research Procedures

1. Gathering primary information of community hospitals in Patumthani in
terms of responsibility assignment and organization chart, size (number of beds),
patient statistics, and wastewater treatment systems

2. Selecting Nong Sue hospital in Patumthani to be a study model
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3. Conducting a field study of a wastewater treatment system and its
management in Nong Sue hospital to assess treated water quality
4. Collecting information in Nong Sue hospital i.e.
4.1 Water consumption in 4 activities; laundry, floor cleaning, plant
watering, and car washing
4.2 Wastewater quantity entering its treatment system
4.3 Daily water quantity obtaining from the treatment system
4.4 Wastewater quality after passing through the treatment system
5. Analyzing wastewater quality and assessing ways to utilize treated
water in Nong Sue hospital
6. Proposing appropriate methodology for wastewater reuse by conducting
feasibility study composing of NPV, BCR, and IRR calculation

7. Result conclusion and discussion

Research Execution

1. Gathering primary information of community hospitals in Patumthani
The research begun with gathering information from 7 community
hospitals in Patumthani that are Prachatipat hospital, Tanyaburi hospital, Klong Luang
hospital, Ladlumkeaw hospital, Lamlukga hospital, Nong Sue hospital, and Samkok
hospital. The information involved hospital structure, size (number of beds), patient

statistics, and wastewater treatment system management. Sources of information
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included the regional hospital division, the office of the permanent secretary of public
health, the department of health, and the provincial public health office.

2. Selecting Nong Sue hospital, with 30 beds, as a model to study
wastewater recycle pattern due to its structure and medium size with normal
wastewater treatment system and considerable amount of wastewater from such
system. Moreover, the hospital was well cooperated to the research.

3. Conducting a field study on wastewater treatment system and its
management at Nong Sue hospital

Field study was carried out via cooperation of the hospital management
and a supeﬁisor of wastwater treatment system in order to assess the treatment system
type, wastewater collection, wastewater quantity from the treatment system, and
wastewater characteristics collected by the system supervisor and analyzed in
laboratory.

4. Assessing and gathering information on water consumption, wastewater
quantity entering the treatment system, dump water quantity from the treatment
system, and wastewater characteristics to complement a study on wastewater recycle
pattern. Required information consists of;

4.1 Wastewater quantity entering the wastewater treatment system
which was assessed by measuring water level in a retention pond on daily basis for 4
days

4.2 Water consumption of many activities in Nong Sue hospital; only

activities possible for wastewater reuse were considered i.e. building administration
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department, vehicle department, and laundry department; The 4 activities to be
assessed were;

- Laundry activity : by observing water used in washing machine

- Floor cleaning: by observing water quantity in buckets

- Plant watering: by observing watering duration and calculating
pipe water flowing rate

- Car washing: by observing number of 20-liter buckets used to
wash a car per day

Also, the observation included the readiness of installing wastewater
recycling system for all 4 activities.

4.3 Observing wastewater quantity passing through the treatment
system of Nong Sue hospital by recording quantity of treated wastewater calculated
from flowing rate of wastewater discharged to public canal (Klong 9) in front of the
hospital

4.4 Assessing wastewater characteristics after passing the treatment
system by collecting wastewater sampling 4 times in every 2 hours starting from 8am
until 4pm; Data had been collected for 4 consecutive days from Tuesday to Saturday
so that the sampling can represent both working days and holidays; the collection
methodology was a composite sampling and parameters used to analyze water quality
consisted of;,

Physical Characteristics: ~ SS, turbidity, color

Chemical Characteristics:  pH, free chlorine, DO, BOD, TKN
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Biological Characteristics: Samonella, Shigella, Vibrio,
Cholerae,Stapphylococcus aureus,
Total Coliform Bacteria,
Fecal Coliform Bacteria, and
parasite eggs of threadworm,
earthworm, hookworm, and

liver fluke

Nevertheless, the physical, chemical, and biological analysis were
conducted according to standard methodology detérmined by the pollution control
department.

5. Analyzing quality of wastewater derived from the wastewater treatment
system and proposing methodology to reuse treated water in compliant with
information obtained from the analysis i.e. wastewater amount passing through
wastewater treatment system and water consumption in 4 activities that are laundry,
floor cleaning, plant watering, and car washing. Such information was gathered from
building administration department, vehicle department, and laundry department in
order to propose an appropriate way to reuse treated water from the wastewater
treatment system. The suggestion based on;

5.1 wastewater quality suitable for reuse in each activity as mentioned
before

5.2 methodology appropriate for wastewater reuse in each activity
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5.3 design of wastewater recycle system as a downstream from the
existing wastewater treatment system
6. Conducting a feasibility study of wastewater recycling by analyzing
project possibility and worthiness in terms of;
6.1 Net Present Value: NPV

NPV is obtained from;

n

NPV = Z[Bt(l—r)t —gct/(l—r)'}

t=0

or

Nev =Y [B,-c)/a-1)]

when B, = benefits in year t
C;= costsinyeart
R = discount rate, 8%

T

project year i.e. T=1,2,3...,n

n = project lifetime

The project will be acceptable when NPV is greater than zero.
6.2 Internal Rate of Return: IRR
IRR is economic rate of return for a particular project by taking
both direct and indirect monetary benefits into account.

Hence, IRR is a rate r that causes;
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g[B,/(nr)‘]: :Zo[c,/(1+r)']
Or

NPV = Z [(Bt —Ct)/(1+r)‘]= 0

The project will be worthwhile if IRR is higher than an opportunity

cost of investment amount.
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The Nong Sue Hospital which is a community hospital used as case study

for quality of discharged water from the Hospital wastewater treatment system. The

composite samples were collected on April 11, 29, 30, and May 4, 2001 and analyzed

by the Labs. The results are shown in Table 11.

Table 11 Nong Sue Hospital Water Quality Analysis in April and May, 2001

Parameter Unit April 11 April 29 April 30 May 4 Standard
PH - 8 7.6 7.6 7.1 5-9
DO mg/l 2.04 3.55 3.08 3.27 -
BOD mg/l 9.87 1.47 6.48 1.41 20
TSS mg/1 11.3 10.3 12.8 12.3 3
TKN mg/1 3.32 <2 435 3.19 35
Turbidity NTU 6.7 12.7 6.5 13.4 -
Color Color 40 35 20 25 -

Unit
Free Residual mg/l 0.10 0.10 0.10 1.00

Chlorine
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Table 11 (Cont.).

Parameter Unit April11 April29 April30 May4  Standard
Total Coliform  MPN/100 ml 500,000 2 60 <2 -
Bacteria
Fecal Coliform  MPN/100 ml 500,000 2 60 <2 -
Bacteria
Salmonella CFU/ml None None None None -
Vibrio Chlolelar CFU/ml None None None None -
Shigella CFU/ml None None None None -
Staphylococcus CFU/ml None None None None -
Aureus

From Table 11, The quality of analyzed wastewater showed pH, BOD,
TSS, and TKN between 7.1-8.0, 1.41-9.87 mg/l, 10.3-12.8 mg/], and <2-4.35 mg/l
respectively. That means the quality has complied with the standard of wastewater
from the hospital of 30 beds and more. The coliform bacteria results show <2-500,000
MPN/100 ml and fecal coliform bacteria <2-500,000 MPN/100 ml. The bacteria that
are contagious in wastewater such as Salmonella, Vibrio Cholelar, Shigella,
Staphylococcus Aureus are not found. The results will be put into consideration for

the used of recycled water in the future.

As for the search for eggs of parasites, such as threadworm, earthworm,
hookworm, and liver fluke, the microscope 40 times magnifying was used to

investigate the samples collected of the 4 days. However, the parasites of human
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gastronomy system were not found. They might have been killed by the hospital use

of disinfectant before entering the treatment system.

During the time that samples were collected between April 30 and May 4,
2001, it rained. On May 4, 2001, the wastewater was doubly chlorinated when the
hospital knew from the preliminary results that the level of coliform bacterial was
very high. On April 11, coliform bacteria found was at 500,000 MPN/100 ml whereas
free residual chlorine was 0.1 mg/l. The following day, coliform bacteria levels
reduced until the last day May 4. Coliform bacteria was below 2 MPN/100 ml when

free chlorine level was 1.00 mg/1.

Since the coliform bacteria found from samples was high, more samples
have been collected for comparison. Only the coliform bacteria and fecal coliform
have been compared at 4 different times on December 20, 2001 (because it did not
rain on that day and samples were not collected until dry season). The results are

shown in Table 12.
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Table 12 Quality of Wastewater from the NSH treatment system; Samples at 4

different times on December, 2001

Parameter Unit December 20 December 20 December 20  December 20
9.00 A.M. 11.10 AM. 1.05 P.M. 4.50 P.M.
Free Residual Chlorine mg/l 0.10 0.10 0.10 0.10
Total Coliform Bacteria MPN/100 ml 240,000 50,000 50,000 130,000
Fecal Coliform Bacteria MPN/100 ml 80,000 14,000 50,000 80,000

The results shown in Table 12, total coliform bacteria level was between
50,000- 240,000 MPN/100 ml and fecal coliform bacteria was between 14,000-80,000
MPN/100 ml, while free residual chlorine was at 0.1 mg/l. For validity and reliability,
more samples that have been collected from Mahasawasdi canal near the metropolitan
water supply plant, would be compared with the effluent from Nong Sue Hospital on
March 21, 2002. Mahasawasdi canal runs through communities where household’s
wastewater is discharged into the canal. It then representswater source from general

community. The results are shown in Table 13.
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Table 13 Comparative Analysis of Water Quality between the Water from

Mahasawasdi Canal and Effluent from the Hospital’s Treatment System

Parameter Mahasawasdi Canal  Nong Sue Hospital
Total Coliform Bacteria (MPN/100 ml) 160,000 70,000
Fecal Coliform Bacteria (MPN/100 ml) 160,000 50,000

From the results, water from the Mahasawasdi canal, which is a natural
water resource has higher very high total coliform bacterial and fecal coliform
bacteria at 160,000 MPN/100 ml. At the same time, although effluent from Nong Sue
Hospital has high total coliform bacteria at 70,000 MPN/100 ml and fecal coliform
bacteria at 50,000 MPN/100 ml, they still are lower than the canal water, but as nearly
the same as water from five big hospital studied by King Mongkul’s University of
Technology Thanburi (14) which has total coliform bacteria between 290,000-
1,200,000 MPN/100 ml and fecal coliform bacteria between 5,800-160,000 MPN/100
ml. The free residual chlorine from Nong Sue Hospital at 0.1 mg/1 is lower than those
4 of 5 hospitals which is between 0.7-1.4 mg/l. Therefore, if the Nong Sue Hospital
wants to lower coliform bacteria and fecal coliform bacteria in its effluent for the
purpose of reuse or to lower the impacts of releasing wastewater into public canals,

the hospital should do the experiment for the appropriate amount of free chlorine.
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4.2 The Use of Wastewater at Nong Sue Hospital

From the study of four activities of water usage in the hospital which are for
laundry, floor cleaning, plant watering, and car wash by all day observation on three
working days and one holiday. Using four means as the following :

1. Laundry: Observed at laundry department, there are two washing
machines, which consume water when in use.

2. Floor cleaning: Observed workers when washing floors, the
volume of water used from pails.

3. Plant watering: Observed the volume of water used from hose-pipe
and aprinkle on lawn.

4. Car wash: Observed the water used by drivers to wash the

hospital’s cars.

It was found that the volume of water usage most is for watering the plants.
Only days when it rains, those last two activities will not be done as shown in Table

14 (April 30 and May 4, 2001)
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Table 14 Water Usage for four activities at Nong Sue Hospital

Water Usage Water Usage Water Usage Water Usage
Activity (Liters/Day) (Liters/Day) (Liters/Day) (Liters/Day)
April 11, 2001 April 29, 2001 April 30, 2001 May 4, 2001
1. Floor Cleaning 58 58 56 58
2. Laundry 1,660 1,600 15,00 1,700
3. Plant Watering 5,800 5,800 0 0
4. Car Wash 50 40 0 0

It was estimated that the average volume of water usage for cleaning floor
is 57.5 L/Day, for laundry is 1,615 L/Day, for watering plants is 5,800 L/Day, and for

car wash 1s 45 L/Day.

4.3 The Volumes of Wastewater and Discharged Water

Monitoring wastewater entering the retention pond on April 11, 29, 30, and

May 4, 2001 is shown in Table 15

Table 15 Volume of Wastewater Entering Retention Pond before Treatment

April 11,2001  April 29.2001  April 30,2001  May 4, 2001

Volume of Wastewater 15 16 21" 20
(m*/Day)

* It rained on that day
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The average volume of wastewater entering the system is approximately
15.5 cubic meters per day (not including rainy day) which is lower than the hospital
estimation at 18.2 cubic meters per day for the size of 30 beds hospital in Table 2
(estimated from water usage of 800 liter per bed per day of which 80 percent becomes
wastewater). As for discharged water from the treatment system to public canals, it is
estimated from the flow rate at the end of sewage pipe, which is an average of 14.5

cubic meters per day (not including rainy day). The details are shown in Table 16.

Table 16 Volume of Wastewater Discharged from Nong Sue Hospital Treatment

System into Public Canals

April 11,2001  April 29.2001 April 30, 2001 May 4, 2001

Volume of Discharged 14.5 14.5 20 197

Wastewater (m’/Day)

* It rained on that day

4.4 Pattern of the Hospital’s Recycled Water Usage

Since the levels of total goliform bacteria and fecal coliform are quite high
during the study period and US.EPA (17) requirements do not accept the use of water
contaminated with high bacteria level even to wash a car, in public park, or fire

extinguisher as shown in Table 9. The requirement is that water for use has to be
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without fecal coliform bacteria. Therefore, if the treated wastewater from the Nong
Sue Hos;;ital is to be used, more chlorine has to be added to lower the amount of
bacteria. The hospital added chlorine twice as much on May 4, 2001 which made the
total coliform bacteria lower than 2 MPN/100 ml, but the hospital has never
experimented on an appropriate amount of chlorine. It is recommended that the
experiment be done in due time. From the data during the study period, it can be
considered that treated water should not be used for cleaning floors, laundry, or car
wash. At the present time, the activity that is suitable for use is plants and lawn
watering which is the only activity that can evade human touch directly. Therefore,
the activity proposed here is to use the treated water for plants in the hospital green
area altogether 45 square meters. The hospital staff water the plants three times a day

between 7 a.m.-4 p.m. using 5.8 cubic meter of water.
4.5 Economic Feasibility in Using Recycled Water to Water Plants

In using the treated water for plants, water pumps have to be bought and
pipelines for sending water have to be made. From the study, 14.5 cubic meters of
recycled is available for daily usage, but only 5.8 cubic meters is needed a day. For
Nong Sue Hospital, recycling water system designed for 45 square meters green area
is needed to install pumps for transferring chlorinated water to. (Figure 6) The
investment will cover;

1. 2 Submersible Pumps, each costs 3,000 bahts which make 6,000

bahts total. The rate of pump is 50 liters per minute using electrical power 50 watts
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2. Timers for on-off pumps and valves, which are around 1,000 bahts
3. Pipelines, Curves, and Joints for connecting to distribute treated

water, using the existing ones.

The use of treated water for plant costs 7,000 bahts total for added facilities
and changing the water source from hospital’s water supply to the discharged

retention pond after adding chlorine.

Public Canal (Klong 9)

Wastewater Treatment Plant
Retention Pond ‘
Pump

v

Green Area

Figure 6 Water Distribution System for Green Area in Nong Sue Hospital

Under this project that propose the caretaker of wastewater treatment plant
to look after this distribution system, the tasks are to operate for watering hospital’s
green area (Appendix B), maintain the water pumps, and dredge the pond once a year.
Operating costs consist of electric power for water pumps and their maintenance. If
the pumps last five years, the average maintenance and running fees will be 500 bahts
monthly (Table 17). Direct return is reducing the volume of water usage 5.8 cubic
meters per day, which can save 10 bahts for each cubic meter. That means the

hospital will save 58 bahts each day or 20,880 bahts annually as in Table 18
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Table 17 Detailed Costs over the Whole Project for five Years

Year Installation (Baht) Electrics & Maintenance (Baht) Total (Baht)

0 7,000 0 7,000
1 0 6,000 6,000
2 0 6,000 6,000
3 0 6,000 6,000
4 0 6,000 6,000
5 0 6,000 6,000

The financial return for the whole project at present year will reduce water
supply’s expense of 104,400 bahts. Indirectly, this will substitute the water supply
source, and increase the capability of services to the extending community or public.
Moreover, it will help to save the fertilizer’s expense. From the study of Nichanant
Tongnag (19), it was found that using recycled water for plants in Pattaya City area
without using any fertilizer, the plants flourish well. This is because the wastewater
contains important nutrients for plants’ growth such as organic nitrogen and
phosphorous, which make trees grow beautifully. In this study, the plants’ nutrients
are not studied; therefore the cost of effectiveness of fertilizer is not taken into
account. The study has analyzed the economic feasibility using net present value

(NPV) and internal rate of return (IRR)
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Table 18 Cost, Benefit, NPV and IRR of using treated water for plants at Nong Sue

Hospital
Year Total Cost (Baht) Benefit (Baht) Net (Baht)
0 (7,000) 0 (7,000)
1 (6,000) 20,880 14,880
2 (6,000) 20,880 14,880
3 (6,000) 20,880 14,880
4 (6,000) 20,880 14,880
5 (6,000) 20,880 14,880

NPV =48,529.19 IRR =212%

From the above table, the project of recycling treated wastewater is worth
its investment because the net present value is positive and the internal rate of return
is much higher than the discount rate. The above analysis using only the benefit from
saving water supply’s expense, but in fact that there are other means of benefit such as
social benefit, which is hard to evaluate. One of the social benefits is that the volume
of wastewater discharged into public waterways will be reduced at 5.8 cubic meters

daily. Another is that there is more water supply to be utilized.

Thus, to use the recycled water for plants is worth both for the hospital and
the social public. Furthermore, if observed, this project has payback period within

only six months which makes it more worthwhile to be considered.
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CHAPTER V

CONCLUSION AND RECOMMENDATION

5.1 Research Conclusion

From the study of the discharge characteristic, the volume of wastewater

and recycled treated water, and feasibility, it can be concluded that

5.1.1 Discharge from the hospital characteristic has pH, BOD, TSS,
and TKN in the range of 7.1-8.0, 1.41-9.87 mg/l, 10.3-12.3 mg/l, and <2-4.35 mg/1
respectively that complies with the standard of building type A (hospital of 30 beds up
and more). Meanwhile, total coliform bacteria and fecal coliform bacteria are in
between <2-500,000 MPN/100 ml, Samonella, Vibrio Cholerae, Shigella,
Staphylococcus Aureus, and the eggs of threadworm, earthworm, hookworm, and
liver fluke are not found.

5.1.2 The volume of wastewater before treatment is approximately
15.5 cubic meters per day and the volume of effluent after treatment is approximately
14.5 cubic meters per day.

5.1.3 The types of wastewater that can be recycled are only from some

activities such as floor cleaning averaged 57.5 liters per day, laundry averaged 1,615
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liters per day, plant watering averaged 5,800 liters per day, and car wash averaged 45
liters per day.

5.1.4 The recycled treated water can be used only for plants, because
of high level of total coliform bacteria and fecal coliform bacteria.

5.1.5 By the feasibility study, it can be seen that the direct benefit
from the project is to save water supply usage 58 bahts daily (at 10 bahts per cubic
meter) or 20,880 bahts annually. The financial benefit is strongly supported by the
positive net present value, internal rate of return at 212% which is much higher than
discount rate, and the payback period of only six months. Moreover, the social benefit
is also concerned by reducing discharge to public waterways and saving water supply

to be utilized on the other means.

5.2 Recommendation

5.2.1 Recommendation from the results
The Nong Sue Hospital should recycled treated wastewater by plant
watering with the investment of 7,000 bahts (pumps and timers), operating costs of
500 bahts monthly. The direct benefit can be water supply usage expense of 20,880
bahts annually, together with the social benefit as reducing discharge to public

waterways and saving water supply for public utilization.
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5.2.2 Recommendation for further study
5.2.2.1 Appropriate amount of chlorine to be added in the treated
wastewater should be studied to lessen the bacteria level in order to bring recycled
water for reuse in more activities.
5.2.2.2 In the case of that recycled water can be reuse in other

activities, further study on stakeholders’ satisfaction and acceptance should be done.
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