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Ab st r act :

Waste generat ion depends  on numerous  factors  such
as  established waste management methods, type of
hospital establishment , hospital specializat ion,
proport ion of reusable items employed in hospital,
and proport ion of pat ients  treated on a day-care
basis. This  study surveyed the waste from hospital
and clinics  in Phitsanulok and found the average
daily waste generated as  general, medical and
hazardous waste from all hospitals  in Phitsanulok
Province at 1.751, 0.284 and 0.013 kg/ bed
respect ively and at 0.323, 0.041 and 0.002 kg/ bed
respect ively from all clinics  in Phitsanulok Province.
Medical waste from all hospitals  consisted of needles,
gloves, drain tubes, cott ons  and gauze, napkins,
plast ic syr inges, swap and body parts  with total daily
generat ion at 0.452, 0.480, 0.390, 0.404, 0.018,
0.355, 0.004 and 0.382 kg/ bed respect ively.
I nformat ion about proper  waste management
process  is  needed to improve hospital waste
management . Hospital waste management is  an
important and necessary component of
environmental health protect ion.
Key w or ds:  Hospital waste, Phitsanulok, Waste
generat ion

I n t r odu ct ion :

Hospitals  and clinics  are the only one source of
infect ious  waste generat ion. Hospital wastes  are
heterogeneous  m ixtures  composed of general refuse,
laboratory and pharmaceut ical chem icals  and their

containers, and pathological wastes. As  a result ,
some infect ious  wastes  do not separate from general
waste. However, there are only a small percentage
of the waste st reams. Even then, these may contain
potent ially infect ious  wastes  and cause the
comm unity©s waste problem. There is  an obvious
evidence that t hese are contam inated in a manner
that renders  these capable of t ransm itt ing disease,
and that t he only documented transm ission of
disease from hospitals  waste has  been from
contam inated sharps  such as  syr inges, etc.
Therefore, these have to be handled with careful
methods wherever  they are generated. I nadequate
handling of hospital waste may cause ser ious  public
health consequences and may also impact on the
environment . Hospital waste management is  an
important and necessary component of
environmental health protect ion.

Aim s  an d ob j ect i v es:

GTZ  init iated this  study on waste from hospital and
clinics  in Phitsanulok Province. To improve hospital
waste management , it is  important t o begin by
surveying the facility of current hospital waste
pract ices. A waste survey should therefore be
undertaken about t he informat ion of the waste
plann ing process. This  survey should provide
informat ion on types  and quant ity of wastes, which
are ar ising at each point of product ion, and methods
of storage, handling, t reatment and d isposal. I t
should also provide the number  of beds  and
occ upancy rate for  health-care establishments.
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I n this  study, the definit ion of waste is  div ided into 3
groups namely:

1. General waste, most ly all solid waste
excluding infect ious, chem ical, or
radioact ive waste.

2. I nfect ious  waste with the potent ial of
t ransm itt ing infect ious  agents  to humans,
consist ing of disused mater ials  from hospital
act iv it ies  on humans or  animals.

3. Hazardous waste refers  to all mater ials  that
are improper ly disposed of in municipal
waste;  such as  radioact ive waste, toxic
chem icals  and explosives.

The object ives  of this  project are:
1. To review the exist ing data of hospital and

clinics  waste in Phitsanulok with focus  on
techn ical review and d aily management
issues.

2. To survey and sample waste from several
sources.

3. To classify the character ist ics  of waste in
Phitsanulok and to create the
implementat ion st ructures.

I n add it ion, the work att empts  to exam ine the
number  of clean incinerat ions  and whether  it
complies  with the Minist ry of Public Health’s  em ission
standards.

Mat er ia ls  an d Met h od s:

Study area:  Phitsanulok Province is  located in the
lower  part of northern Thailand, about 390 km from
Bangkok. The total area is  approximately 10,896.05
square kilometers  as  seen in Fig.1. There are nine
government hospitals  under  Minist ry of Public Health
and seven pr ivate hospitals, which are located only
in the municipality.
Select ion of hospital and clinics:
Hospital select ion:  I n this  study, twelve hospitals
were selected that are div ided into five government
hospitals  and seven pr ivate hospitals. However,
Budd hachinnarat hospital is  the central hospital in
the lower  part of northern Thailand. I n addit ion, the
other  four  community hospitals  are in Nakorn Thai,
Chatt rakarn, Phrom Phiram and Neon Maprang.

Survey forms  were designed specially for  data
collect ion and analysis.
Clinic select ion:  184 clinics  were inducted in this
study. The sampling st rategy for  survey was based
upon the dist r ibut ion of clinic establishments  in each
dist r ict .

Methods  of study:

Field observat ion and surveys  were designed and
conducted to character ize the hospital waste. After
survey data was  completed, we adopted it for  the
determ inat ion of Phitsanulok Province needs for  the
hospital waste management .

Quest ionnaires:  Quest ionnaires  were used to survey
the hospital waste in terms of collect ion,
t ransportat ion and t reatment of hospital waste and
to collect available informat ion for  analysis  of the
system.

Sampling:  Parallel to the interviews, the physical
composit ions  of waste in hospitals  and clinics  were
determ ined. The waste from hospitals  and clinics
were collected from storage areas  (only red bags) .
Before segregat ion, we sprayed these wastes  by
disinfectant solut ion (0.5%  Sodium hypochlor ite) .
Masks  and large forceps  were used to segregate
waste into several types. Dur ing segregat ion, we
weighted each type of medical waste and discarded
into red bag. This  waste composit ion study is  part of
a cont inuing effor t to measure and understand the
waste generated in hospitals  and clinics. The
composit ion study is  based on field sort ing events
around Phitsanulok Province between November  1
and November  7, 2000. The waste samples  were
analyzed along a week. The raw survey data was
compiled and managed so as  to enable the
est imat ion of waste generat ion quant it ies/
management pract ices. The average quant ity of
hospital/ clinic waste was  computed on wet weight
from the field observat ion.

Resul t s:

The daily waste generat ion (kg/ bed) in hospitals  and
clinics  in Phitsanulok Province are shown in tables  I
and I I  respect ively. The medical waste composit ion
from all hospitals  in Phitsanulok is  shown in Table
I II .
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Tab le I :  W ast e gen er at ion by w ast e t y pe in t w elv e h osp i t a ls  in  Phi t sanul ok
Nam e o f  h osp i t a l Nu m b er  o f  b ed s Dai ly w ast e g en er at ion  ( k g / b ed )

  General Medical Hazardous
Budd hachinnarat 948 0.868 0.180 0.001
Bang Kratum 30 1.632 0.196 0.010
Bang Rakam 30 4.085 0.870 0.030
Wat Bot 30 2.245 0.250 0.007
Wang Thong 30 3.340 0.652 0.007
Narasuan 150 0.922 0.069 0.004
Phitsanuveth 250 0.519 0.078 0.002
Rum ePhat 95 0.555 0.075 0.002
Ratanaveth I / I I 100 0.440 0.055 0.009
Intervethchakarn 70 0.347 0.021 0.013
Radiotherapy 49 0.096 0.005 0.032
Eye 12 0.486 0.013 0.011
Average 1.751 0.284 0.013

Tab le I I  W ast e g en er a t ion b y w ast e t y p e in  cl in i cs  in  Ph i t san u lok
Daily waste generat ion (kg/ pat ient )

Cl in ics  in
Gen er al Med ical Hazar d ou s

Muang 0.487 0.048 0.002
Bang Kratum 0.131 0.016 0.001
Bang Rakam 0.440 0.033 0.002
Wat Bot 0.326 0.046 0.002
Wang Thong 0.232 0.061 0.001
Average 0.323 0.041 0.002

Tab le I I I  Med ical  w ast e com p o si t ion  f r om al l  h osp i t a l s  in  Ph i t san u lok
Daily waste generat ion (kg/ bed) for  different waste typesHosp i t a l  n am e

Need le Glov e Dr a in
t u b e

Co t t on ,
g au ze

Nap k in Plast ic
sy r in g e

Sw ap Bod y
p ar t s

Budd hachinnarat 0.025 0.032 0.023 0.043 0.018 0.003 0.004 0.033
Bang Kratum 0.070 0.032 0.029 0.035 - 0.029 - -
Bang Rakam 0.076 0.227 0.189 0.076 - 0.113 - 0.189
Wat Bot 0.016 0.011 0.037 0.027 - 0.027 - 0.133
Wang Thong 0.209 0.117 0.070 0.117 - 0.117 - 0.023
Narasuae 0.018 0.011 0.007 0.036 - 0.018 - 0.004
Phitsanuveth 0.016 0.012 0.011 0.023 - 0.016 - 0.0001
Rum ePhat 0.004 0.025 0.011 0.021 - 0.014 - -
Ratanaveth 0.005 0.008 0.005 0.025 - 0.013 - -
Intervethchakarn 0.010 0.002 0.004 0.001 - 0.003 - -
Radiotherapy 0.002 0.001 0.001 0.001 - 0.001 - -
Eye 0.002 0.003 0.003 0.001 - 0.003 - -
Total 0.452 0.480 0.390 0.404 0.018 0.355 0.004 0.382



4

Fig u r e 1 :  St u d y ar ea in  Ph i t san u lok Pr ov in ce, Th ai lan d

Based on observat ions  in all hospitals  in Phitsanulok Province, 88%  of the total wastes  generated by hospitals  are
general waste. I nfect ious  and sharp wastes  represent t he major ity of the medical waste, these wastes  appear  up to
15%  of the total waste from hospitals  as  shown in Fig.2-Fig.6. The daily hospital waste generat ion (kg/ bed) from
each hospital is  presented in Fig. 2. Besides, the average daily hospital waste generat ion (kg/ bed) from all
hospitals  in Phitsanulok Province is  shown in Fig. 3.

Fig u r e 2 :  Dai ly w ast e g en er at ion  f r om t w e lv e h o sp i t a ls  i n  Ph i t san u lok

The major  hospital waste is  from the kitchen, which appears  to be food remnants. The major ity of infect ious  wastes
are from Emergency department and over  50%  of that contained cott on and gauze. From clinics  waste
character ist ics  are the same as  the hospital waste.

On comparison between government and pr ivate hospitals, we found that t he daily hospital waste generat ion
(kg/ bed) from government hospital was  higher  than pr ivate hospital as  shown in Fig. 4.
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Fig u r e 3 :  Av er ag e d a i l y w ast e g en er at ion ( k g / b ed )  f r om t w e lv e h o sp i t a ls  i n
Ph i t san u lok

I n add it ion, the source size affects  the daily hospital waste generat ion (kg/ bed) in government hospitals  as  shown
in Fig 5. The small hospitals  generate general waste more than the larger  ones. The comparison between hospital
waste from hospital and clinics  is  shown in Fig. 6. I n hospitals, daily waste generat ion (kg/ bed) was 4-6 t imes
higher  than clinics  in all categor ies  of waste. I t can be concluded that t he higher  the number  of pat ients, greater  is
the waste generat ion.

Type of hospital wastes
Fig u r e 4 :  Co m p ar i son b et w een d ai ly w ast e g en er at ion  ( k g / b ed )  f r om

Gov er n m en t  h osp i t a l  an d Pr iv at e h osp i t a l  in  Ph i t san u lok

Medical waste has  been divided into eight categor ies  and the daily waste generat ion (kg/ bed) from each hospital is
shown in Table 3 and Fig. 7. I n terms  of medical waste, glove is  the highest percentage (19.3% ), and swap is  the
lowest percentage (0.15% ). Apart from that t he highest medical wastes  in clinics  are needles.
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Fig u r e 5 :  Dai ly h osp i t a l  w ast e g en er at io n ( k g / b ed )  f r om g ov er n m en t
h osp i t a l  acc o r d in g t o sou r ce s ize - sm al l  ( 3 0 - 1 0 0  b ed s) , m ed iu m ( 1 0 0 - 5 0 0

b ed s)  an d lar g e ( 5 0 0 - 1 ,0 0 0  b ed s) .

Fig u r e 6 :  Co m p ar i son b et w een h o sp i t a l  w ast e acco r d in g t o so u r ce s ize
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Fig u r e 7 :  Th e t o t a l  m ed ica l  w ast e f r om a l l  h o sp i t a ls  acco r d in g t o w ast e
com p osi t e

Discu ssion :

The results  of this  study involving a total of 196
health care facilit ies  in Phitsanulok Province can be
summ arized as  following:

1. The average daily waste generat ions  in general,
medical and hazardous from all hospitals  in
Phitsanulok Province is  1.751, 0.284 and 0.013
kg/ bed, respect ively.

2. The average daily waste generat ions  in general,
medical and hazardous from all clinics  in
Phitsanulok Province are 0.323, 0.041 and 0.002
kg/ bed, respect ively.

3. Medical waste from all hospitals  is  consisted of
needles, gloves, drain tubes, cott ons  and gauze,
napkins, plast ic syr inges, swap and body parts,
the total daily waste generat ion of which are
0.452, 0.480, 0.390, 0.404, 0.018, 0.355, 0.004
and 0.382 kg/ bed, respect ively.

This  informat ion can be used in allocat ing resources
for  t reat ing hospital waste. This  waste must be
t reated separately from other  wastes  in view of its
potent ial infect ious  const itut ion. We make the
following recomm endat ions:

1. The average of general waste in hospital is  88.0%
of the total waste. A high proport ion of it is
generated from organic mater ial from food
preparat ion and remnant and the others  are paper,
plast ic bott le, etc. The further  management of this
waste can be proceeded into by 4 methods  viz. 1)

municipality system 2) landfill 3) sales  for  pastures
4) recycle.

2. The average of medical waste in hospital is  10.6%
of the total waste, with the maximum being
generated from emergency department (ER) , and a
small port ion by wards, laboratory, etc. The
management of this  waste can be proceeded into 4
methods that is, 1) autoclaving and chem ical
ster ilizat ion 2) incinerat ion 3) landfill 4) recycle.

3. The average of hazardous waste in hospital is
0.4%  of the total waste, the highest result ing from
the X-ray lab., the others  are work place i.e.
fluorescent lamp in the off ice, etc. The further
management of this  waste can be proceeded into by
3 methods viz. 1) landfill 2) incinerat ion 3) recycle
i.e. photographic fix ing solut ion.

Hospital waste generat ion differs  not only in each
country, but also within a country itself.(4) The
waste generat ion depends  on numerous  factors  such
as  waste management methods, type of hospital
establishment , specializat ions  of the hospital, rat io o f
reusable items in use, rat io o f day care e tc. I t is
therefore sugg ested that t hese data can only be used
as  examples, but it cannot be used as  a basis  for
waste management within an individual hospital
establishment .(5) Though this  survey has  been
lim ited, it st ill provides  more reliable data on local
waste generat ion than any est imat ion that is  based
on data from other  countr ies  or  types  of
establishments.
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Generally, there are four  key steps  of hospital waste
management (6) :  1) segregat ion into var ious
components, including reusable and safe storage in
app ropr iate containers  2) t ransportat ion to waste
t reatment and disposal sites  3) t reatment 4) f inal
disposit ion.

The current waste management pract ice has  been
observed at many hospitals. I t app ears  that all
wastes, such as  potent ial infect ious  waste, waste
from office, general waste, food, construct ion debr is,
and hazardous chem ical mater ials  are all m ixed
together  while they are being g enerated, collected,
t ransported and finally disposed of. I mposing
segregat ion pract ices  within hospitals  to separate
biological and chem ical hazardous wastes  ( less  than
10%  of the waste st ream) will result in a clean solid
waste stream (90% ), which can be easily, safely and
cost -effect ively managed through recycling,
compost ing and land filling the residues. The
resultant general waste stream has  a high proport ion
of organic wastes  ( food) and recyclable wastes
(paper, plast ic, metal) . Actually the numbers  of
recyclable wastes  are very litt le and they are most ly
disposed after  use. Several hospitals  in Phitsanulok
have already set up segregat ion programs in locals.
I f proper  segregat ion is  achieved through t raining,
clear  standards, and tough enforcement ;  it will
effect ively decrease infect ious  waste;  however  some
of it st ill need special t reatment .(7) Apparent ly the
segregat ion programs  have decreased the number  of
waste;  on the other  hand, it has  increased resources
for  the programs.

Proper  management of hospital waste can m inim ize
the r isks  both within and outside healthcare facilit ies.
The first pr ior ity is  to segregate wastes  into reusable
or  non- reusable, hazardous or  non-hazardous
components.(8) An important management is  to set
the inst itut ion of sharps  management system, waste
reduct ion, avoidance of hazardous substances  as  far
as  possible (e.g. PVC-containing products, mercury
thermometers) . Besides, it has  to ensure workers’
safety and provide secure methods of waste
collect ion and t ransportat ion. Moreover  it should
provide necessary installat ions  for  safe t reatment
and d isposal mechanisms.I f the good segregat ion
program is  successful, it can reduce less  than 8%  of
their  waste st ream. I t is  cr it ical that wastes  should
be segregated before disposal.

This  most important management is  to safeguard the
occ upat ional health of health care workers.(9)
Hospitals  current ly burn wastes  or  dump wastes  in
municipal bins, which are t ransported to unsecured
dumps. Some wastes  have contained mercury and
other  heavy metals, chem ical solvents  and
preservat ives  (e.g. formaldehyde) which are known
carcinogens, and plast ics  (e.g. PVC). When the
wastes  are combusted, they produce dioxins  and
other  pollutants, which pose ser ious  human health
r isks  not only to workers  but also to general public
through food supplies. Next is  the r isk to the general
public which occurs  in three ways:  1) acc idental
exposure from contact with wastes  at municipal

disposal bins;  2) exposure to chem ical or  biological
contam inants  in water;  and 3) exposure to chem ical
pollutants  (e.g., mercury) from incinerat ion of the
wastes.

The m ismanagement of hospital waste poses  r isks  to
people and the environment , healthcare workers,
pat ients, waste handlers, waste pickers, and the
general public are exposed to their  health r isks  from
infect ious  waste (part icular ly sharps) , chem icals, and
hazardous waste.(10,11) I mproper  disposal of
hospital waste, including open dumping and
uncontrolled burning, increases  the r isk of spreading
infect ions  and the r isk of exposure to toxic em issions
from incomplete combust ion. For  these reasons,
occ upat ional health and safety should be considered
in a component of hospital waste management
plans. As  a result of this  failure to establish and
follow segregat ion protocols  and infrastructure, the
waste leaving hospitals  as  a whole is  both potent ially
infect ious  and potent ially hazardous (chem ical) . At
greatest r isk are the workers  who handle the wastes
(hospital workers, municipal workers  and rag
pickers) .

Finally, the proposed central incinerator  in the large
hospital is  the best way in hospital management in
Phitsanulok Province. This  comes  with the benefit of
lesser  investment and easier  maintenance than their
own present day incinerators. I n add it ion, autoclave
could be the alternat ive technology for  medical waste
t reatment because it is  air  pollut ion free .
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