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ABSTRACT KEYWORDS
Hospital wastes pose a significant impact on health and environment. From this Biomedical waste;
study it can be said that thereisan urgent need for raising awareness and education Environmental issues;
on medical waste issues. Proper waste management strategy is needed to ensure Control strategies;
health and environmental safety. For further study, it is needed to collect more Disposal methods.

information on impacts, disposal and management to draw aclear conclusion. Need
to collect information and examplesfrom devel oped country or the country, which
has sound medical waste management system. Find alternatives and appropriate
technologiesfor developing countries. Need extensive study on thismedical waste
and its management aspectsaswell. All over theworld, thereisan exodus of people
from villages to cities, partly for education and employment and partly because
agriculture has become less and less profitable. It is estimated that 65% of the
world’s population will live in cities by 2030. The infrastructure required for this
lop-sided growth of the citiesisresulting in mountains of garbage collectingin the
unplanned extensionsinlarger cities, because of poor conservancy servicesand lack
of civic amenities. It is estimated that the domestic garbage produced per day in
Mumbai is of size of an eight stored building complex. The quality of air in the
surroundings of thecitiesis so poor that it is estimated about two million children
under fivedie each year fromrespiratory infections

Fallinginlinewiththegenera situation, wefind certain public placeslike hospitals,
vegetable, fish and other market places, Railway stations, Bus stands, Parks and
Cinemahalls are maintained unhygienically contributing to the spread of infectious
diseases. It iswonder how the elitelike doctors and higher officialswho work in
such public placesand spend major part of their day timein these placesare callous
to the environment. Particularly, hospital sgenerate an enormous amount of danger-
ouswaste. The amount of solid waste generated by hospitals has been increasing
rapidly in developing countries like India and its management can no longer be
ignored. Increasing concern for community health standards and pollution control
requirements demand that the huge mass of infectiouswaste berendered asharm-
lessaspossible beforeit is disposed. Against this background, an attempt is made
in this paper to discuss the problem of disposal of wastesin Indian hospitals and
variouslegidationsrelating to environmental protection in general and Bio-medical
waste (Management and Handling) rules,1998 (amended in 2000) based on the
environmental (protection) Act, 1986 in particular. ThisPaper also suggestsafew
measuresfor the effective management of waste disposa .
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INTRODUCTION

Manisthemost dominant beinginthebiosphere. A
uniquecombination of certain physica and mentd abili-
ties has made him more powerful than other living be-
ings. With theaccumul ation of knowledgeandincrease
inthesophigtication of artifactsand machines, man has
acquired the capacity to changethe environment to suit
hisneeds. Human needsand greed coupled with short-
sightedness have disturbed the ddlicate ecol ogicd bal-
ance by depleting and degrading thevital life support-
ing systemssuch asair, water and land— which right-
fully belong tothe generationsthat succeed us. Thebio-
sphereisrapidly changing from anaturaly self-suffi-
cient systemto asystem of resourcesfor just oneof its
inhabitants—MAN. The present day man is plundering
the environment asthough heisthelast to inhabit the
earth.

Environment isthe Surroundingsinwhichan orga-
nization operates, including air, water, land, natura re-
sources, flora, fauna, humansand their inter relations.
Surrounding in thiscontext, extend fromwithinan or-
ganizationtothegloba system. Basicfunctionsof envi-
ronment areto support life, provide material and en-
ergy, and absorb and recycle the toxins and wastes.
Impact of human activity on environment ispositiveor
negative, improving or degrading, polluting theatmo-
sphere and resulting in possible damage to plant and
animd life

All over theworld, thereis an exodus of people
from villagesto cities, partly for education and em-
ployment and partly because agriculture hasbecome
less and less profitable. It is estimated that 65% of
the world’s population will live in cities by 2030.
Theinfrastructure required for thislop-sided growth
of the citiesisresulting in mountains of garbage col-
lecting in the unplanned extensionsin larger cities,
because of poor conservancy services and lack of
civicamenities. It isestimated that the domestic gar-
bage produced per day in Mumbai is of size of an
eight stored building complex. The quality of airin
the surroundings of the cities is so poor that it is
estimated about two million children under fivedie
each year from respiratory infections

High income Countries can generate up to 6 kg
of hazardous waste per person per year. In the ma-

jority of low Income countrieslike India, health care
wasteisusually not separated i nto hazardous or non-
hazardous waste. In these countries, thetotal health
care waste per person per year variesfrom 0.5to 3
kg. Preserving the environment, which is essential
for the survival of humanity, isthe biggest problem
faced by India. By nature, environmental preserva-
tion and development of urban and rural infrastruc-
ture are the two things that do not always go hand -
in- hand. Development of urban infrastructure and
irrigation facilities invariably reduce the forest ar-
eas and the greenery in the urban areas producing
dangerous waste material of unmanageabl e propor-
tions

Further, the growth of chemical industry with
dangerousdly toxic effluents let out into open areas
and nearby rivulets and establishment of large hos-
pitalsand health care unitsthat createinfectiousand
hazardous wastes is the greatest problem to be sur-
mounted by Environmentalistsand civic authorities.
The dilemma of the problem is that one cannot be
sacrificed for the other. Sustaining the devel opment
and protecting the environment isadifficult balanc-
ing act, which the civic authorities have to perform.
Invariably, it is a compromise, but to what extent?
On the one hand, development is essential for the
economic growth and on the other a clean environ-
ment isas much essentia for the survival of the hu-
manity

Hedth-careactivitieslikeimmunizations, diagnos-
tictests, medical treatments, and | aboratory examina-
tions, protect and restore hedlth and savelives. But what
about the wastes and by-productsthey generate? Of
thewastes generated by hedlth-care activities, amost
80% isthe general waste comparablein safety to do-
mestic waste. The 20% of wastesare hazardous mate-
rialsthat may beinfectious, toxic or radioactive. The
wastes and by-products cover adiverserange of sub-
stancesand materias. Theamount of solid waste gen-
erated by hospitals has been increasing rapidly and
rangesfrom 2-5 kg/bed/day in devel oped countriesand
0.5-2.0 kg/bed/day in devel oping countrieslike India.
Of course, the total amount of waste produced in a
hospital each day dependson thetypeof specidization
and the standard of the hospital. Cities consume 75%
of the planet’s natural sources and at the same time
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discharge equal percentage of waste. For instance,
Delhi hospitals alone produce more than 30 tons of
biomedical waste every day. Hospital waste hasin-
creased to such proportionsthat it can no longer be
ignored. Increasing concern for community health
standards and pollution control requirements, de-
mands that the mass of infectiouswaste be rendered
as harmless as possible before it leaves the hospi-
tal. Itisimperativethat the problem of ever increas-
ing garbage, toxic and bio-medical wasteshasto be
tackled in an efficient and effective manner, so that
both the fruits of devel opment and the nature’s gifts
of clean air and water are enjoyed by the people.
One estimate shows that some 5.2 million people
(including 4 million children) die each year from
waste-related diseases. Globally, the amount of mu-
nicipa waste generated will double by the year 2000
and quadruple by year 2025"

Against this background an attempt is made in
this paper to discuss the problem of disposal of
wastes in Indian hospitals and a few measures for
the effective management of waste disposal have
been suggested.

Hospital waste (bio-medical waste) - environmen-
tal pollution

It is matter for concern that even hospitals, like
other public places-Railway stations, Bus com-
plexesor Fish markets-arevery unhygienically main-
tained: it isawonder that people who should know
better, the Doctors and other officials who spend
most of their timein these surroundings, areinsensi-
tiveto thisissue. Particularly Hospitals generate an
enormous amount of dangerous waste. The amount
of solid waste generated by hospitals has been in-
creasing rapidly in developing countries like India.
Hospital waste has increased to such proportions
that it can no longer beignored. Increasing concern
for community health standards and pollution con-
trol requirements demand that the huge mass of in-
fectious waste be rendered as harmless as possible
before it IS disposed.

It has been established beyond doubt that im-
proper management of hospital waste has been re-
sponsible for spread of infectious diseases among
the general public. Hospital employees, patientsand

the attendants are susceptible to diseases dueto in-
fected tissues, biological fluids, and infected mate-
rials of patients. The patients themselves are at the
risk of cross infection, if adequate precautions are
not taken. It has been observed that many hospitals
and nursing homes dump the waste at the garbage
collection site from where garbage is cleared away
by the vehiclesfor final disposal. The sitesare vis-
ited by rag pickerslooking for disposables may get
infected while handling infected items. The greater
danger is that items picked are often cleaned and
sold in the market and may find their way back to
the hospitals. For instance used needles, syringes,
gloves, discarded drugs etc. get recycled increasing
therisk of infection.

Categoriesof bio-medical waste

According to Bio-medica waste (management
and handling) rules,1998 (amended in 2000),based
upon the Environmental (protection) Act 1986,the
categories of bio-medical waste are as follows.

1) HumanAnatomica Waste: Human tissues, or-
gans, body parts

2) Animal Waste: Animal tissues, organs, body
parts, carcasses, bleeding parts, fluid, blood and
experimenta animalsusedin research, waste
generated by veterinary hospitdss, colleges, dis-
chargefromhospitals, animal houses.

3) Microbiology & Biotechnology Waste: Wastes
from [ab. cultures, stocksof specimensof mi-
cro-organisms, liveor attenuated vaccines, hu-
manandanimd incineration cell cultureusedin
research and infectious agents from research
andindustrial laboratories, wastesfrom pro-
duction of biologicd toxins, dishesand devices
used for transfer of cultures.

4) Waste Sharps. Needles, syringes, scalpels,
blades, glassetc. that may cause punctureand
cuts. Thisind udesboth used and unused sharps.

5) Discarded Medicines & Cytotoxic drugs:
Wastes comprising outdated, contaminated and
discarded medicines

6) Soiled Waste: Items contaminated with blood,
and bodly fluidsincuding cotton, dressing, soiled
plaster casts, lines, beddings, other material
contaminated with blood
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7) Solid Waste: Waste generated from dispos-
ableitemsother than sharps such astubing’s
catheters, intravenous sets, etc.

8) Liquid Waste: Waste generated from labo-
ratory and washing, cleaning house-keeping
and disinfecting activities

9) Incineration Ash: Ash from incineration of

any bio-medica waste

Chemical Waste: Chemicalsused in produc-
tion of biologicals, chemicasusedininsecti-
cidesetc.

In addition to the above, wasteis al so generated

from thefollowing sources

o Left-over food inpatients’ and visitors’ plates,
fruitswaste

o Blood bank waste: Discarded, expired, infected
blood or itsproducts

Wastesfrom health-careactivitiess WHO classi-

fication

1 Infectiouswastes— cultures and stocks of in-
fectiousagents, wastesfrominfected patients,
wastes contaminated with blood and itsderiva
tives, discarded diagnostic samples, infected
animalsfrom|aboratories, and contaminated
materia s (swabs, bandages) and equipment
(disposable medical devicesetc.)

2) Anatomic-recognizablebody partsand animal
carcasses- Infectiousand anatomic wastesto-
gether represent the magj ority of the hazardous
waste, upto 15% of thetotd wastefrom hedth-
careactivities.

10)

3) Sharps— syringes, disposable scalpels and
blades etc. Sharps represent about 1% of the
total wastefrom hedlth-careactivities.

4) Chemicals— for example solvents and disin-
fectants; and

5) Pharmaceuticals— expired, unused, and con-
taminated, whether thedrugsthemsel ves (some-
timestoxic and powerful chemicals) or their
metabolites, vaccinesand seraChemicalsand
pharmaceutical samount to about 3% of waste
from hedlth-careactivities.

6) Genotoxic waste — highly hazardous, mu-
tagenic, teratogenic or carcinogenic, such as

cytotoxic drugsused in cancer treatment and
their metabolites; and

7) Radioactive matter, such as glassware con-
taminated with radioactive diagnostic mate-
rial or radiotherapeutic materias,

8) Wastes with high heavy meta content, such
as broken mercury thermometers. Genotoxic
waste, radioactive matter and heavy metal
content represent about 1% of thetotal waste
from hedlth-care activities.

Health impacts

The status of poor waste management currently
practiced poses ahugerisk towardsthe health of the
generd people, patients, and professionds, directly and
indirectly through environmenta degradation. Commu-
nicabl e diseases|ike gastro-enteritis, hepatitis- A and
B, respiratory infections and skin diseases are associ-
ated with hospital waste either directly asaresult of
wastesharpinjuriesor through other transmission chan-
nels. The hosts of micro organismsresponsiblefor in-
fection areentero-cocci, non-haemolytic streptococci,
anaerobiccocal, clogtridiumtetani, klebshella, HIV and
HBV.

Hedth-carewasteisareservoir of potentialy harm-
ful micro-organismswhich caninfect hospitd patients,
health-careworkersand the genera public. Other po-
tentid infectiousrisksincludethe spread of, sometimes
resistant, micro-organismsfrom hedlth-care establish-
mentsinto theenvironment. Theseriskshavesofar been
only poorly investigated. Wastes and by-products can
also cause injuries, for example radiation burns or
sharpsinflictedinjuries; poisoningand pollution, whether
through therel ease of pharmaceutical products, in par-
ticular, antibioticsand cytotoxic drugs, throughthewaste
water or by toxic elementsor compounds such asmer-
cury or dioxins,

The potential risk to health care workers comes
from thehandling of infected sharps; 60 percent of them
sustain aninjury from sharps knowingly or unknow-
ingly during various procedures. The practice of re-
sheathing the needle after useisthe major factor for
needlestick injuries. Through poor waste management
practices, al health careworkers (nurses, doctors, and
lab technicians), service personnd, rag pickersand the
generd publicareat risk of contractinginfectionswhile
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handling storage, and treatment. Incinerators oper-
ating at sub-optimal conditions are an added envi-
ronmental and health hazard.

Sharps

Throughout the world every year an estimated
12,000 million injections are administered. And not
al needles and syringes are properly disposed of,
generating a considerable risk for injury and infec-
tion and opportunitiesfor re-use.

Regarding injection practices, public health au-
thoritiesin West Bengal, India, have recommended
a shift to re-usable glass syringes, as the disposa
requirements for disposable syringes could not be
enforced. Hazards occur from scavenging on waste
disposal sites and manual sorting of the waste recu-
perated at the back doors of health-care establish-
ments. These practices are common in many regions
of the world. The waste handlers are at immediate
risk of needle-stick injuries and other exposures to
toxic or infectious materials.

Vaccinewaste

In June 2000, six children werediagnosed with a
mildformof smdlpox (vacainiavirus) after having played
with glassampoul escontai ning expired smallpox vac-
cineat agarbage dumpinVladivostok (Russia). Al-
though theinfectionswerenot life-threatening, thevac-
cine ampoules should have been treated before dis-
cading.

Radioactive wastes

Radiationispart of Man’s environment. The use of
radiation sourcesin medical and other gpplicationsis
widespread through theworld. Occasiondly, the pub-
licisexposed to radioactivewaste, usudly originating
from radiotherapy trestmentsthat have not been prop-
erly disposed of . The sourcesof radiation exposure: 1)
Medicd and Dental X-rays, Radio Isotopes, 2) Occu-
pational exposure. lonizing Radiationsarefinding in-
creasing applicationin Medicine. For eg, X-raysand
radioactive | sotopes. Important radio isotopesare co-
balt 60 and phosphorus 32. Certain tissuessuch asbone
marrow are moresendtivethan othersand fromage-
netic standpoint; there are special hazards when the
gonads are exposed. Theradiation hazards comprise

genetic changes, malformation, cancer, leukemia, de-
pilation, ulceration, sterility and in extreme casesdegth.
The international commission of radiological pro-
tection has set the maximum permissible level of
occupational exposureat 5 rem per year to thewhole
body. Serious accidents have been documented in
Goiania, Brazil in 1988 in which four people died
from acute radiation syndrome and 28 suffered seri-
ous radiation burns. Similar accidents happened in
Mexico City in 1962, Algeriain 1978, Morocco in
1983 and Ciudad Juarez in Mexico in 1983.

Risks associated with other fractions of health-
care wastes, in particular blood waste and chemi-
cals, have beenrelatively poorly assessed, and need
to be strengthened. In the meantime, precautionary
measures need to be taken. In addition; perceived
risksrelated to health-care waste management may
be significant. In most cultures, disposal of health-
care wastes is a sensitive issue that has ethical di-
mensions too. Personnel involved in final disposal
of waste may be at risk due to improper wrapping
or loose pathological waste. Personnel handling
waste that contains blood-soaked materia from pa-
tientsindiaysisunits need protection against Hepa-
titisB infection.

Biomedical waste (management and handling)
rules, 1998 and amended in 2000

Hospitals should act not only as ‘healer’ but also
prevent the spread of diseases. Theresponsibility to
ensurethat the hospitals not only attend to the health
needs of patients but al so maintain an acceptabl e hy-
gienic condition squarely restson the hospital authori-
ties. Scientistsin search of new productsfor mankind
have succeeded in making products of convenience.
Theentrepreneursand industrialistsin turn engagein
mass production of these products. The Supreme Court
took theinitiative and entrusted the Ministry of Envi-
ronment and Foreststo come out with suitable guide-
linesfor the proper disposal of medical waste.

TheCentrd Govt. hasframedthebio-medica waste
(management and handling) rules 1998 (amended 2000
and 2003) making use of section 6,8,and 25 of the
Environmenta (protection) Act 1986. Theserulesap-
ply toal personswho generate, collect, receive, store,
transport, treat, dispose, or handle bio-medica waste

ey Snoivonmental Science

Hn Tndéan g%wumé



26 Biomedical waste management

Orielcal Review

ESAIJ, 10(1) 2015

in any form. Section 6, empowers the central Gov-
ernment to makethe “rules to regulate Environmen-
tal Pollution”. Section 8, explains regarding the “per-
sons handling hazardous substancesto comply with
procedural safeguards’. Section 25; provides the
“power to make rules” for carrying out the purposes
of the act. As per the bio-medical waste (manage-
ment and handling) rules 1998 (amended 2000 and
2003), safe and effective disposal of waste gener-
ated in hospitals, the following principles are fol-
lowed.

o Segregation
. Didnfection

o Storage

o Transport

. Fina Disposd
Segregation

The objective of separation would beto separate
theinfected wastefrom the noninfected domesticwaste,
sharpsetc., If thismix up isavoided, entire mixturehas
to be considered asinfected waste. The cost of treat-
ment and disposa of thiswastegoesup duetothelarger
bulk. The advantage of segregationinclude: 1) Treat-
ment cost can be reduced 2) Non infected waste can
berecycled 3) general waste doesnot becomeinfec-
tious4) segregation reduces enhances of infection of
geff.

Specific color codeisfollowed for easy identifica:
tion of different types of wastes.

a) Yellow: Yellow plastic bagsare used for seg-
regating Human anatomical waste, dissected
parts, tissue removed at surgery, laboratory
cultures and specimens etc.,Method of Dis-
posal: (1) incineration (2) deep burial

b) Red: Red plastic bags are used for segregat-
ing laboratory waste, culture plates, items
contaminated with blood, non-sharp dispos-
ableitemslike gloves, tubings, intravenous
Sets, etc.,

Method of Disposa: Tubingsare shreddedto pre-
vent reuse. After shredding, they aredisinfected by au-
toclaving, micro waving or using chemicals. Finally
they aresent for incineration.

Blueor White: Puncture proof container likeempty
cansor thick card board boxes, trand ucent plastic bags

of blue or white color are used to store sharp items
like needles, syringes, scalpel blades and broken
glassitems.

Method of Disposal

After shedding these items either autoclaving,
micro waving or Chemical treatment is carried out.
The waste then is sent for deep buria or incinera-
tion

Black: Black plastic bags are used to segregate
discarded medicines, cyto toxic drugs, chemicals
which have been used for disinfection, insecticides
and incineration ash.

Method of Disposal

Disposal in secured landfill.

Liquid: Thiswaste is disinfected and discarded
inrans.

Radio active waste: This waste is hazardous, it
is stored in lead containersin the basement of hos-
pital building for 3 to 6 weeks for the radioactivity
to disappear and then discharged in drains.

Disinfection
To render infecti ousitemsfreefrom pathogenic or-

ganism disinfectioniscarried out beforetransporting

and disposing them.

M ethodsof Disinfection

o Thermal: Thisdisinfection can bedry or wet
(autodlaving)

o Chemical : i) using formaldehydeii) sodium
hypo-chlorideiii) ethyleneoxideiv) bleaching

powder
o Irradliation and exposureto ultraviol et rays
o Useof Microwave: Small microwaveisused

for smal quantitiesof |aboratory waste. Large
unitsarerequiredfor larger quantitiesof waste.
Largeunitsincorporate: i) grinding ii) steam
Sprayingiii) microwaveirradiation

Collection

The collection and transportation of bio-medical
waste shall be carried out in amanner so asto avoid
any possi ble hazard to human health and environment.
Collection and transportation aretwo operationswhere
thechancesof segregated bio-medica wastecomingin
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contact with the public, rag pickers, animals/birds,
etc are high. Therefore, all care shall be taken to
ensurethat the segregated bio-medica waste, handed
over by the different departments, reach local stor-
age place without any damage, spillage or unautho-
rized access by public, animals etc.

Storage

It isnecessary to use col oured bagsand a so | abel
them at thetime of storage of thewaste. Wastebagsor
containers are carried to specific local storage
places. It is necessary to have security at this place
to prevent unauthorized persons and ragpickers han-
dling waste material.

M ethods of treatme3nt

Treatment of waste is the process which modi-
fies the waste in some way before it is taken to its
final resting place. It can be disinfected, baling and
size reduction and shredding to make recyclable
items unusabl e breaking tip of the syringe, needles
etc.

Transport

Internal and Externdl. for internal transportation,
trolleys, carts are used. For external transportation,
vehidesareusad to trangport wastefrom hospital dump-
ing placeto the appropriate placefor incineration, land
fill and vermiculture. Vehiclescarry the Hospital waste
should not carry generad municipa garbage.

Bio-medical wastetreatment and disposal (final
disposal)

Final disposal of waste depends onits category.

Non infectious waste like paper can be recycled.

Bio degradable waste can be used for land fill,

vermiculture or buried. Infectious liquid waste is

disinfected and discharged in the drains. Infectious
solid waste is incinerated.

o Chemicals treatment using at least 1% hy-
pochlorite solution or any other equivalent
chemical reagent would ensuredisinfection.

o Muitilation/shredding must be such so asto pre-
vent unauthorized reuse.

o There will be no chemical treatment before
incineration. PV C shall not beincinerated.

The Centra Pollution Control Board hasrecom-
mended two typesof incinerators:

Incineratorsfor individud hospitds'nursaing homes/
medical establishments.

Common incinerator to handlewastefrom anum-
ber of hospital s/nursing homes/pathol ogical laborato-
riesetc.

Risksassociated with waste disposal

Although treatment and disposal of health-care
wastesaim at reducing risks, indirect health risksmay
occur through the release of toxic pollutantsinto the
environment through treatment or disposal..

Incineration

Inadequateincineration, or incineration of materi-
asunsuitablefor incineration can result intherel esse of
pollutantsintotheair. Theincineration of materiascon-
taining chlorinecan generate dioxinsand furans, which
areclassified aspossible human carcinogensand have
been associated with arange of adverse effects. Incin-

S.No. Waste category

Treatment and Disposal

01 Human Anatomical Waste, Animal Waste

02  Microbiological and Bio-technology Waste

03 Waste Sharps, Needles, Syringes, Scalpels,
Blades, Glass etc

04  Discarded Medicines and Cytotoxic drugs

05  Soiled Wagte

incineration and deep burid

Autoclaving/micro- waving
Chemical disinfection
autoclave/micro-waving and mutilation/shredding

incineration/destruction and drugs disposal in secured landfills
incineration/autocl ave micro-waving

Chemical disinfection
autoclave/micro-waving and mutilation/shredding

06  Solid Waste

07  Liquid Waste
08 Incineration Ash

09 Chemical Waste

Disinfect-chemically and discharge into drains
Disposal in municipal landfill
Chemically treated disinfection and discharge of drainsfor liquid

and secured landfillfor solid
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eration of heavy metals or materia swith high metal
contents(in particular lead, mercury and cadmium) can
lead to the spread of heavy metalsin the environment.
Dioxins, furans and metals are persistent and accu-
mulatein theenvironment. Materia s containing chlo-
rine or metal should therefore not beincinerated. In
the last few years there has been growing contro-
versy over the incineration of health care waste.
Under some circumstances including when wastes
are incinerated at low temperatures or when plas-
tics that contain poly vinyl chloride (PVC) arein-
cinerated, dioxins, and furans and other toxic air
pollutants may be produced as emissions and/or in
bottom or fly ash (ash that is carried by air and ex-
haust gases up the incinerator stock). Exposure to
dioxins, furans and co planar PCBs (poly chlori-
nated Biphenyls) may |ead to adverse health effects.

Long-term, low-level exposure of humansto di-
oxins and furans may lead to the impairment of the
immune system, theimpairment of the devel opment
of the nervous system, the endocrine system and re-
productivefunctions. Short-term high level exposure
may resultin skinlesionsand altered liver function.
WHO has established a provisional tolerable
Monthly intake (PTMI) for dioxins, furans, and PCBs
of 70 picograms (10 2grams) per kilogram of body
weight. The PTMI is an estimate of the amount of
chemical per month that can be ingested over alife
time without appreciable health risk. WHO has es-
tablished tolerable intake limits for dioxins and
furans, but not for emissions. A number of countries
have defined emission limitsthat rangefrom 0.1 ng
TEQ/m? (Toxicity Equivaence) in Europeto 0.1ng
to 5ng TEQ/m3in Japan, according to incinerator
capacity.

Only modernincineratorswhich are ableto work
at 800-1000 °C, with special emission-cleaning equip-
ment, can ensurethat no dioxinsand furans (or only
insignificant amounts) are produced. Smaller devices
built with local materialsand capableof operating at
these high temperaturesare currently being fiel d-tested
and implemented inanumber of countries.

Sandardsfor incinerators

All incineratorsshall meet thefollowing operating
and emission standards

Operating standards

(1) Combustion efficiency (C.E) shdl beat least 99.00%
(2) The Combustion efficiency is computed as fol-
lows:

%CO,

CE=
%CO,+%CO

(3) The temperature of the primary chamber shall
be 800+50 °C

(4) Thesecondary chamber gasresidencetimeshall be
at least 1 (one) second at

1050+ 50 °C, with minimum 3% Oxygen in the stack

x100

. 3 .
Parameter Concentration mg/Nm® at (12% CO,

. correction)
(nl];tf’;mculate 150
@ g
Chionde 50

(4) Minimum stack height shall be 30 meters above ground

(5) Volatile organic compounds in ash shall not be more
than 0.01%

gas.

Emisson standards
L andfill

Land filling can potentially result in contamina-
tion of drinking water. Occupational risks may be
associated with the operation of certain disposal
fedlities Sanitary Landfilling or Controlled Tippingisthe
most suitablefor largetowns. Inmodified landfilling,
the solid wastes are compacted and spread in thin (2-
2.5 cm) layers, each layer being uniformly covered
by alayer of soil of samethickness. Thefina layer
is covered by a final cover of about one meter of
earth to prevent rodents from burrowing into the
refuse and scattering. The size of the pitisabout 2-3
m deep and 4-8 m wide

Typesof landfill

1) Trenchtype: Thisprocessisadoptedinplain
area

2) Ramp Type: Thisprocessisadoptedin hilly
area

3) Areatype:Thisprocessisadoptedwhen dis-
used quarriesareavail able. Disadvantageof this
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typeis supplementary earth isrequired.
M echanism

Withinoneweek after filling thewaste, thetem-
perature rises to 60 °C. At this temperature all the
pathogens are killed. Cooling ensures and tempera-
ture returnsto normal in two to three weekstime. It
takes four to six months for complete decomposi-
tion and for the matter to be absolutely harmless.

Sandardsfor deep burial

1) A pit or trench should he dug about 2 meters
deep. It should be half filled with waste, then
covered with lime within 50 cm of the sur-
face, before filling the rest of the pit with

soil.

2) It must be ensured that animals do not have
any accessto burid sites. Coversof gavanised
iron/wiremeshes may be used.

3) 3. On each occasion, when wastes are added
to the pit, a layer of 10 cm of soil shall be
added to cover the wastes.

4) Burial must be performed under close and
dedicated supervision.

5) Thedeep burial site should berelatively im-
permeable and no shallow well should be
closeto the site.

6) Thepitsshould bedistant from habitation, and
Sted so asto ensurethat no contamination oc-
cursof any surfacewater or ground water. The
area should not be prone to flooding or ero-
son.

7) Thelocation of thedeep burial sitewill beau-
thorized by the prescribed authority

8) Theingtitution shal maintain arecord of dl pits
for deep buria

Sandar dsof microwaving

o Microwavetreatment shall not beusedfor cy-
totoxic, hazardous or radioactive wastes, con-
taminated animal car cases, body parts and
largemeta items.

. Themicrowave system shall comply with the
efficacy test/ routine testsand aperformance
guarantee may be provided by the supplier be-
fore operation of theunit.

. Themicrowave should completely and conss-

tently kill the bacteriaand other pathogenic
organisms that is ensured by approved bio-
logical indicator at the maximum design ca
pacity of each microwave unit. Biological
indicators for microwave shall be Bacillus
Subtilis spores using vials or spore strips
with at least 1x10*

Autoclaving

The principle of autoclave or steam steriliser is
that water boilswhen its vapour pressure equalsthat
of the surrounding atmosphere. Hence when pres-
sure inside a closed vessel increases, the tempera-
ture at which water boils also increases. Saturated
steam has penetrative power. When steam comes
into contact with a cooler surface it condenses to
water and givesup itslatent heat to that surface (1600
ml steam at 100 °C and at atmosphere pressure con-
denses into one ml of water at 100 °C and releases
518 caloriesof heat). Thelargereductionin volume
sucksin more steam to the areaand the process con-
tinuestill the temperature of the surfaceisraised to
that of the steam. The condensed water ensuresmoist
conditions for killing the microbes present. Steril-
ization by steam under pressure is carried at tem-
peratures between 108 °C and 147 °C. By using the
appropriate temperature and time, a variety of ma-
terials such as dressings, instruments, |aboratory
ware, media and pharmaceutical products can be
sterilized. Aqueous solutions are sterilized between
108 °C and 126 °C. Heat is conducted through the
walls of the sealed containers until temperature of
thefluid insideisthe same as that of the steam out-
side.

Types of steam sterilizers

1. Laboratory autoclaves 2. Hospital dressing
sterilizers 3. Bowl and instrument sterilizers4. Rapid
cooling sterilizers

Even the domestic pressure cooker can be used
as a sterilizer.

Defect of autoclaving

o The method of air discharge is inefficient,
and it is difficult to decide when the dis-
chargeiscomplete. If theair isnot completely
removed, the desired temperature will not
be attained
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. Thereisno facility for drying the load after
sterilization and beforetaking it out

Sandardsfor wasteAutoclaving

The autoclave should be dedicated for the pur-
poses of disinfecting and treating bio-medica waste.
(1) When operating agravity flow autoclaving, medi-
cal waste shall be subjected to:

. atemperature of not lessthan121 °C and pres-
sure of 15 poundsper squareinch (psi) for an
autoclave residence time of not less than 60
minutes; or

. atemperature of not lessthan135 °C and pres-
sure of 31 poundsper squareinch (psi) for an
autoclave residence time of not lessthan 45
minutes; or

. a temperature of not less than149 °C and
pressure of 52 pounds per squareinch (psi)
for an autoclave residence time of not less
than 30 minutes.

(I1) When operding avacuum autoclave, medica waste

shal besubjected to maximum of one pre-vacuum pulse

to purge the autoclave of al air. The waste shall be
subjected to the following:

. a temperature of not less than121 °C and
pressure of 15 pounds per squareinch (psi)
for an autoclave residence time of not less
than 45 minutes; or

. atemperature of not lessthan135°C and pres-
sure of 31 poundsper squareinch (psi) for an
autoclave residence time of not less than 30
minutes.

(111) Medical waste shall not be considered properly

treated unlessthetime, temperature and pressureindi-

catorsindicatethat the required time, temperatureand
pressurewerereached during theautoclave process. If
for any reasons, time,temperature or pressureindicator
indicatesthat therequired temperature, pressureor resi-
dencetimewas not reached,the entireload of medical
waste must be autoclaved again until the proper
temperaure,pressureand resi dencetimewereachieved.

(IV) Recording of operationa parameters

Each autoclave shdl have graphic or computer re-
cording deviceswhichwill automatically and continu-
oudly monitor and record dates, timeof day, load iden-
tification number and operating parametersthroughout
theentirelength of theautoclavecycle.

(V) Vdidation test
Sporetesting

The autoclave should completely and consis-
tently kill the approved biological indicator at the
maximum design capacity of each autoclave unit.
Biological indicator for autoclave shall be Bacillus
stearosporesthermophilususing vialsor spore strips,
with at least 1x10* spores per milliliter. Under no
circumstanceswill an autoclave have minimum op-
erating parameters less than a residence time of 30
minutes, regardless of temperature and pressure, a
temperature lessthan 121 °C or apressure lessthan
15 psi
(VI) Routine Test

A Chemicd indicator strip/tapethat changes colour
when acertain temperatureisreached can be used to
verify that aspecific temperature hasbeen achieved.
It may be necessary to use more than one strip over
thewaste package at different location to ensure that
theinner content of the package has been adequately
autoclaved.

Sandardsfor liquid waste

Theeffluent generated from the hospitals should
conformto thefollowing limits:

Parameter Permissible limits
pH 6.5-9.0
i‘l?gg”ded 100 mg/!
Oil and grease 10 mg/I
BOD 30 mg/l
COD 250 mg/l
Bio-assay test 90% survival of fish after 96 hoursin

100% effluent

These limits are applicable to those hospitals
which are either connected with sewer without ter-
mina sewage treatment plant or not connected to
public sewers. For discharge in to public sewers
with terminal facilities, the general standards asno-
tified under the Environment (Protection) Act,1986
shall be applicable. At present, there are practically
no environment-friendly, low-cost options for safe
disposal of infectiouswastes. Incineration of wastes
has been widely practised, but alternatives are be-
coming available, such as autoclaving, chemical
treatment and micro-waving, and these may be pref-

Snoivonmental Science
A Jndian W



ESAIJ, 10(1) 2015

Nageswara Rao 31

—— OCrlticel Review

erable under certain circumstances. Landfilling may
also beaviablesolution for parts of thewaste stream
if practised safely. However, action is necessary to
prevent the important disease burden currently cre-
ated by these wastes.

Suggestions for better management of waste in
hospitals

Waste management — reasonsfor failure

Theabsenceof waste management, lack of aware-
ness about the hedlth hazards, insufficient financial and
human resourcesand poor control of waste disposal
arethemost common problems connected with health-
care wastes. Many countries do not have appropri-
ateregulations, or do not enforcethem. An essentia
issueisthe clear attribution of responsibility of ap-
propriate handling and disposa of waste. Accord-
ing to the ‘polluter pays’ principle, this responsibil-
ity lies with the waste producer, usualy being the
health-care provider, or the establishment involved
in related activities.

Environmental awar eness

Thelndian macro environment cond sting of demo-
grgphic, economic, technologicd, paliticd, legd, physicd
and soco-cultura environmentshavebeen changingvery
rapidly resulting in changesin every walk of life of
Indian people. The doctors or the patients did not
bother that much about the physical environment pre-
vailing in the hospitals. They show greater interest
about the curative aspects than the cleanliness and
beauty of the surroundings. There is tremendous
change in the attitude of the doctors as well as pa-
tients. In Corporate Hospita's, separate departments
are being maintained for in-house maintenance and
interior decoration. These hospitals, ailmost al built
and arranged like five star hotels, take care in the
management of all typesof wastes. Infact, they have
professionalsto destroy or manage not only biologi-
cal wastes but also for providing cleanliness and
interior decoration. Unfortunately, the managers of
the public hospitalsare unable to upkeep the environ-
ment at satisfactory levels. The doctors including
the specidlists, para-medical staff, IV classemploy-
ees, patients and the visitors is even today respon-
siblefor the bad management of the wastes and en-

vironmental pollution. Probably thefirst changewe
haveto bring about in the functioning of majority of
the hospitalsin Indiaisnot on the mattersrelating to
the curing process or the equipment which isfairly
satisfactory but the maintenance and cleanliness of
these hospitals. The hospital managements have to
meticulously plan the sanitation system asthisis of
primary importance to avoid infections. Good oc-
cupational health and saf ety measuresinclude:

o Proper training
o Protective clothing and equipment
o Effective occupational health programmesin-

cludingimmunization (against hepatitisB) and
post exposure prophylaxisaong with medi-
cal surveillance

o Conveniently placed washing and bathing fa-
dlities

Environmental education

Present situation of forma Environmental edu-
cationin India severa educational Institutions and
Universities are offering Degree or Diploma
programmes covering all aspects of environmental
Sciences and Engineering. Technica Institutionsare
offering M.E., M.Tech., and Ph.D programmmesin
environmental engineering in the Departments of
Chemical and Civil Engineering. Following the di-
rective of the Supreme Court, the UGC hastaken the
necessary stepsto introduce acourse “Environmen-
tal Science” at under graduate level. The syllabus
prescribed for the above course coversvarioustypes
of diseaseslike HIV/AIDS dueto theimproper han-
dling of hospital waste, Environment and human
health, value education, public awareness, environ-
mental Acts and Laws. Hence by maintaining the
proper environment in and around Hospitals, wecan
avoid diseases caused due to wastes produced in
hospitals

Non formal education: Majority of the popula
tion that still do not have adequate accessto formal
education arevisiting the Govt. Hospitalswhereim-
proper unhygienic conditions prevail due to waste
which is not properly handled or treated before it
dispossess. Hence Govt. organizations like Central
Pollution Control Board, State Pollution Control
Boards, Media and Non Govt. organizations like
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IMA and voluntary organisations haveto educatethe
people, particularly patients, by conducting eco de-
vel opment camps, exhibitions, nature camps, mobile
exhibitions, audio visua presentations, seminars,
workshops, camp/ padayatras/rallies, competitions,
festivals, street theatre, sciencefairsand poster pre-
sentations etc. The environmental education should
be a continuous process

Attitudinal change

Management of hospitd wasterequiresdiligenceand
carefromachain of peoplestartingfromtheward atten-
dant, nurse, doctor, labour staff, personstransporting
wagte, personshandlingmechanica and technica aspects.
If need for safedisposd isstressed, cooperationfor seg-
regation, storage, disinfectionwill not bedifficult. Truly
Speeking, an dtitudina changeisrequired a theleve of
top management. Waste disposal should be a
management’s policy. Chief Executive Officer or the
Doctorsareto behddresponsble Employeesat dl lev-
elsmust betrained and motivated. The hospita scannot
bedisease generators. Thegenerd publicaso shouldbe
their concern, not those patientswho contributeto their
revenue. Itisdesirableto specify job responsibility. If
therearefailuresor problems, proper communication
will sort out the same and decide on better aternatives.
Therisk dueto occupational hazardsisthe highest for
the staff themsalves. Waste disposal involvesexpendi-
turebut itisnot anareato look for saving on expendi-
ture. After al, theexpendituredoesnot go beyond 0.2 to
0.5% of thetotd running cost of thehospital.

Survelllance

Thefollowing stepsareto betakento hdprag pick-

es

e Emphaseson dangersof handling infected waste
andrecyding

e Trainragpickersinacquiring recyclablewaste

e Public awarenessabout segregation of wasteand
roleof rag picker’s activities, must be created.

e Establishment of linkagesbetween formal system
andrag pickers

e Medical assistance and health education for rag
pickersandtheir families.

e Genera public must be convinced about reducing
thequantity of garbage by utilizing reusableand re-
cyclableitems.

Saff training

Thosewho handle garbage are often not aware of
therisk and hazard of the activity. They are also not
aware of theimportance of their contribution. Training
of thestaff istherefore necessary. Thegoalsof training
shouldbe
¢ Informationondl aspectsof hospital wastepolicy
¢ Information ontheroleand responsbilitiesof each
hospitd staff membersinimplementing thepolicy
e Technicd ingructions, relevant for thetarget group,
on theagpplication of waste management practices

e Clarify thecomponentsof the waste management
system

e Explaintheassigned rolesand responsibilitiesto
the personnel involved

e Educate and ensure proper use of the protective
equi pment

¢ Information regarding the procedureto befollowed
for aneedlestick or other exposures

e Get an honest feedback from theworkers

e Suggest preventiveremediesto their problems, if
required

Waste management committee

Waste Management Committee: Themost impor-
tant factor in successful implementation of medical
waste management liesin the cooperation of the hos-
pital staff and medical personnel. Proper manage-
ment of hospital wastes callsfor awell-coordinated
approach which involves Planning, Organizing,
Communicating and Monitoring. The role that the
administration playsin thisis of vital importance.
Ideally ahospital should form awaste management
committee representing the following Departments,
which has the responsibility to design and imple-
ment apolicy.

e Hogpita Adminigtrator - Chairman

e Microbiologist - Secretary

¢ RepresentativefromAccounts Section

e Oneor Two Membersfrom Basic Speciditieslike
Medicine, Surgery,Gynecol ogy, Pediatrics, tc.,

e Oneor Two Membersfrom Superspeciditieslike
Cardiac Surgery, Nephrol ogy, Neurosurgery, He-
matology etc.,

e  Senior Member of theNursing Section

¢ Representativefrom Maintenance Department
Representative from House K egping Department

Snvivonmental Science (=
A Jndian ﬂo«/maZ



ESAIJ, 10(1) 2015

Nageswara Rao 33

= OCrlticel Review

CONCLUSIONS

Health-care waste management isan integral part
of hedlth-care, and creating harm through inadequate
waste management reducestheoverd| benefitsof hedth-
care. Improvementsin health-care waste management
rely onthefollowing key elements: The buildup of a
comprehensive system addressing responsibilities, re-
sourcedlocation, handlingand disposd. Thisisalong-
term process, sustained by gradual improvements.
Awarenessraising and training about risksrelated to
health-care waste, and safe and sound practices; Se-
lection of safeand environmenta -friendly management
options, to protect peoplefrom hazardswhen coll ect-
ing, handling, storing, transporting, treating or dispos-
ing of waste. Government commitment and supportis
needed to reach an overall and long-termimprovement
of thegtuation, dthough immediateaction can betaken
locdly. Finaly there should be proper coordination be-
tween Hospital administration/committeeand Munici-
pal administration for collection and disposal of Bio-
medical waste.
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