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4.4 Characteristics of Bio-Medical Waste \

The characteristics of bio-medical waste is
and cytotoxic. The non infectious waste is th ousen
waste like wrapper, eatables, food etc. The infectious waste includes patholthi;l
waste, surgical waste (body parts), sharps waste, items contaminateq With blogg
and body fluids etc. Cytotoxic and hazardous waste includ

non infectious, infectious, hazarg,
€ waste which is simjlar 10 hoygg s

] €s chemica) Waste
pharmaceutical waste and discarded medicines. i

4.5 Categorization of Bio-Medical Waste

As per Bio-Medical Waste (
medical waste has been cate:
o

Management and Handlin
gorized into ten categories,
Category 1: Human Anatomical Waste (I
etc.).

Category 2: Animal Waste (animal tissues, organs, body parts, carcasses,
bleeding parts, fluid, blood and experimental animals used in reseorch,
Wwaste generated by veterinary hospitals, colleges, discharge from hospitals,
animal houses).

Category 3: Microbiolo
Cultures, stocks or micl

9) Rules, 1998, the pjo.
they are as follows.
body parts, organs, human tissues

gy & Biotechnology Waste (!
To-organisms live or attenuat
ed in research and infectio

Wastes from laboratory
ed vaccines, human and
us agents from resef{rch
ion of biologicals, toxins,

Category 4: Waste Sharps (needles, s
that May cause py

yringes, scalpels, blade, glass, etc.
ncture and cuts, T,
sharps)

his includes both used and unused
Category 5: Discarded Medicines
outdated, contaminated ang disca

and Cytotoxic drugs
Calegon/ 6: Soiled W;

rded Medicines),
aste (items contaminateq Wit
including cotton, dressings, soiled plaster Casts
material contaminated With blood).
Category 7: Solid Waste (Waste gen
than the waste sharps such ag tubings, atheters intravenoys sets etc.)
Category 8: Liquid Waste (Waste 9€nerateq f, : i

g T J
cleaning housekeepmg and disinfecting aoliviheosn)1 Iaboratory andivasti
Category 9

waste)

(Waste comprising of

h blood, and body fluids
» lines, beddings, other

erated from disposable items other
c;

Category 10: Chemical Waste (Chemicals used in
chemicals used in disinfe

r ] S
ction, as insecticides, Etc.f Oduction of biologicals,

Blo-Medical Waste
Categorization of Bio-Medical Waste
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Category 2: Animal Waste

TE
4

« Mi iology &
5 Sharps Category 3: Microbiol
Category 4: Waste IP Biotechnology Waste

! d Medicine &
tegory 5: Discarde
Gaiee rycymtoxic Drugs
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4.10  Tools and Equipments Required for BiO'Medicm Waste
Management
The tools and equipments rei

quired for managing the bjo Medica| Wastg
follows.

arg a
¢ Colored bins/bags (yellow, red, blue & White

black) having Bio Hazard and Cytotoxic s
¢ Big plastic container (for storing mutilated and disinfecte
Needle cutter/Need|e burner (for destroying needle ang Syringe)_
Autoclave/Microwave (for disinfection).
Sodium hypo Chlorite solution (for disinfe:
Shredder (for cutting into pieces).
Incinerator (1

translucent Uncture
r
ymbol (for Segregation t)f“jv(a)[s){eand

d plastic Waste).

cting mutilateq Mmaterial),

22 am

for incfnerating Wwaste).
Deep burial pit (for burial of Waste).
Sharp pit (for keepin,
Scissors & knife (
Protective aids (1

g disinfected ang mutilated sharps).
for destroying plastic waste).
for handling Waste)
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may be used. On each occasion, when wastes
) al .
soil shall be added to cover the wastes. Burig| rrsuas?ds dto pit, layer e =
€ pe|

and dedicated supervision, Pj i of i
pervision. Pits should be distant from h Ormeg ! pe plastered with cement. A cylindrical metal Pipe of 4 inche;

that no contamination of ground wat abitati Id 2
er o 10 it shoul 0 p 7
fooding o eroson, The ltston oL ceurs. The are N S0 a5 pit s is fixed at the ceiling of the pit. The opening of the meta) pipe should

AL a shouylq e o

burial. Fen tion maintain recorq No «ing facility. The sharps are deposited in this pit th i
e re'l’;%vzfy;f:i] geeﬁgel;hé;:! Plé has to be maintaineg J %': the p hav;ulzzturg proof translucent container after mutilatingp rouh the pipe from
The location of the deej > and no shallow ey should ps.38p by d v
authorities, P burial site will be authorizeq i?,co € 10 th 49,5 Shredder
|ave the plastic waste is subjected to

where plastic waste is shredded into

S diameter

After autoc
i, ding,
The microbi f shred
sharps, SO;I,ZSQ{V:QZ bg":z‘:h“(l’ggy waste, waste pieces.
] soli 5 . ;
;/asw) are subjected to autoclave fWas}q (plastic 49,6 Secured Landfill
?mperafwe» 121°C and pressure 13, disinfection, >
60 m or 1359 i filli shall be restricted to non-

; d c and filling
minutes or 149 °c tiodegradable, inert waste and other waste that
minutes. When op are not suitable either for recycling or for

Medical waste shall
one pre-vac incinerate  biological processing. Land filling

o S - shall also be carried out for residues of waste
processing facilities. Land filling of mixed waste
shall be avoided unless the same is found

unsuitable for waste processing.
Under unavoidable circumstances or till
s colour wh installation of alternate facilities, land filling shall

i €n a certain temperature js be done following proper norms.
rature has peen achieved, |t

4.9.3 Autoclave

22 am

Shredder

49.7 Liquid Waste Disinfection Sharp Pit
Liquid waste needs to be disinfected/treated i
€arothermopp; and should conform to the following standards PH - 63-9.0, Suspended solids -
£ € Strips; yjy a{" ilus sporeg using yja A N 100 mg/l, Oil and grease - 10 mg/l, BOD - 30
ter Sl ) ooad 3 e mgll, COD - 250 mgll, Bio-assay test - 90%
4.9.4 Shanp pyg bt : survival of fish after 96 hours in 100% effluent.
The shar, These limits are applicable to those, hospitals
The dela//ﬂofwiﬂe fi Way j X 2 which are either connected with sewers without
A Shaip ,,O{V'mo sharp pit 3 terminal  sewage treatment plant or not
/r::qump” : be gy % ; : - 3 connected to public sewers. For dlsch?rge into
i hOSP:lgi sccording to ® y ’ public sewers with terminal facilities, the
al. All the Sides of ;ﬁs il . general standards as notified under the
Environment (Protection) Act, 1986 shall be
applicable.
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92 solid and Liquid Wast Waste to Wealth
forcing out the air In the chamber by its heavier masg
displacement) or the steam 15 pulled into the vessel after the air has been exhausted by*u (%r‘dww
system (vacuum displacement). As the steam accumulates, the pressure and “"“PCl’nm.-c\ “‘C_\lm
ases until the minimum temperature and pressure requirements for lrckuhi
met. Table 4.7 gives the standards on autoclaving the BMwy ;‘h\\enl
and treating. Or (he

introduced into a vessel,

the chamber incre
of the waste have been
purposes of disinfecting
Table 4.7 Standards for biomedical waste autoclaving, MoEF, Gol
| opton | Operating, monitoring, and Jalidation parameters
| Gravity flow autoclave: When operatint
| a temperature of not less than 121 °C an
 sidance time of ot less than 60 minut
31 psi for an autoclave residence ime of not less |
| 149°C and pressure of 52 psi for an autoclave residence time
J=
TVacuum autoclave: When using a vacuum autoclave, the BMW should be subjected 1o a le;
I air. The BMW should be subjected to the condinoansx of
S as

pre-vacuum pulse to purg
| specified in the manufacturers operaling ma

Time, temperature and pressure Indicators:
the time, temperature and pressure indicators indicate 1l

during the auloclave process-
rameters: Each autoclave

ga gravity flow autoclave, medical waste shall be sub;
d pressure of 15 pounds per square inch (psi) for an alécted to;
es; or a temperature of not less than 135°C and preuloclave
than 45 minutes; or a temperature of not \:Sure of

i notless thaniB0iminutes, - an

e the autoclave of a
nual-
BMW should not be considered as suitably treated un|,
less

hat these parameters have reached sufficien)
)/

shall have graphic or computer recordi
ly and continuously monitor and record date, time of day, load |denmlcai::g

ters throughout the entire length of the autoclave cycle.
Jave should completely and consistently kill the approved

capacity of each autoclave unit.

Aecording of operational pa
devices which will automaticall
number and operating parame!
festing: The autoc

v Validation test spore
| piological indicator at the maximum design
Vi Aoutine test: A chemical indicator strip changes colour when a certain temperature is reached can
| be used to verify that the desired temperature has been reached and the BMW has been adequately
autoclaved
Source: MoEF, Gol (2011}

4.7 CHEMICAL DISINFECTION

5 is used to kill pathogens present in medical equipments. Chemical

disinfection is most suitable for treating liquid waste such as blood, urine, stools, or hospital
sewage, Chemical processes employ disinfectants such as dissolved chlorine dioxide, bleach
(sodium hypochlorite). acetic acid, or dry inorganic chemicals. In liquid systems, the wasle
may go through 2 dewatering section to remove and recycle the disinfectant. The disinfected
waste should be carefully disposed off.

Chemical disinfectio

standard for Liquid BMW

ated from th

4.7.1
he following limits

The effluent generated or (e
(Table 4.8):

¢ hospitals should conform (o t

Table 4.8 Standard for liquid BMw i

Technologie:
Bles for Biomedical Waste
anagement 93

6.5-9.0

n—Suspended solids
“—on and grease

BOD

|CROWAVING
Microwﬂves are e\ecu’omag_nelic waves with a frequency between radio ?

the electromagnetic scale. When applied to the treatment of waves and infrared

tivation is thermal. The waste should either be wet or Waz‘& the mechanism of

the form of .s‘[eami The microwaves and moisture CYZ\:L e to wet by addition
tment processes utilise microwaves to heat water to form steame l:-em‘,a\ turbulence
waste stream. A dry microwave system is also used. It u‘: ‘c(;\i.r‘s mer} applied
in a nitrogen atmo.sphere to treat the waste and produce h‘\g‘her uet Ay
{pan those used BY wet microwave technologies. The microwaves switly i:‘“em temperatures
in between the waves and the infectious part is destroyed by heat conduq‘,z:‘ water contained

48 M

4.8.1 standards of Microwaving

. Microwave treatment should not be used for hazardous or radioacti
contaminated body parts, animal carcass or metal items. e e
The microwave system should be made to perform efficacy tesUroutine tests and
performance guarantes may be provided by the supplier before operation of the ity
The microwave should compl ly kill the bacteria and other pathogenic
organisms at the maximum e

)

1y and cc
design capacity of each microwave unit.

S

49 PYROLYSIS
Plasma pyrolysis is an environment-friendly technology which converts organic waste into
commercially useful by-products. The extreme heat generated by the pl.\);m enables it 1©
dispose all types of BMW and hazardous waste in a safe manner. BMW is converted into CO.
H,, and hydrocarbons when it comes in contact with the plasma arc. The gases are burnt ©
produce a temperature of 1200°C which hinder the formation of dioxin and furans.
In a plasma system, an electric current is discharged through an inert gas (e.g.,
{onise it and in turn causes an electric arc to create temperatures as high as 6000°C. The BMW
inside the system is brought to temperatures between 1300 to 1700°C, destroying pathogenic
microorganisms and converting the waste into slag, ferrous metal, and inert gases. In a plasma
forch, an arc is established between (WO electrodes. A carmer gas, W hich may be inert ot have

argon) ©
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COLOUR CODED SEGREGATION SYSTEM
4.3 4

W should be segregated in containers/bagg
o schedule and with requisite labels prior

s provided in Table 4.3.
Table 4.3 Colour coding and type of container for disposal of BMw

Colour coding

ges, scalpels, blades, glass, etc,
- These include both used ang
)

Jabels should be non-washable and clearly visible. The colour coding is selected
g on the BMW treatment option.

4 STANDARDS FOR TREATMENT AND DISPOSAL OF BMW
4.

Biomedical Waste Treatment Facility (CBWTF) is g System where biomedical
d from a number of health care facilities, has necessary treatment set up to

lorinated plaslics/bags shall noy

ing. Setting up of small or individual

in landfill or f:;urerce);];;bhigh caiitapl) investment besides ser

e,-nfusnning and maintenance of the BMW treatmen
rop! blems and also prevents setting up of a large nu
Lhese pmedzces the monitoring difficulties by regulatory bodies. Further the cost of BMW
It also r[ o o 6 Gl EREak ; ‘ .
treatment P to set up a CBWTF, care should be taken in selecting appropriate technology,

In ordel: 0‘; area, and proper designing of transportation system to achieve optimum results.
The kery features au:i guidelines for the establishment of CBWTF are given in Table 4.4,

at so a5 to prevent unaulhorise;
Table 4.4 Key features and guidelines for the establishment of CBWTF

<\: l|‘]C point of generation in specified
O 1ts storage, transportation, treatment

Type of container to be used

Non-chlorinated plastic bags.

Waste category number
Category: 1,2, 5and 6
Category: 3, 4 ang 7

Category: 8

Municipal waste

Non-chlorinated plastic bags/puncture
proof container for sharps

Non-chlorinated plastic bag

Non-chlorinated plastic bag

d

|C

i
{

ffects that the BMW may pose. The treated Waste is finally sent for disposal
BMW treatment facility by health
parate manpower and infrastructure
t system. The CBWTE incorporates
mber of BMW treatment equipments.

gjol

4 and Hazar

i

Solid
Wast

Sed,m the production of chemica| or
terial used jn disinfection such as

Description ‘\

A CBWTF shall be located at a place reasonably far away from residential and sensitive area
so that it has minimal impact on these areas. The CBWTF s!\al\ be located as near to its area
of operation as possible in order to minimise the movement in waste handling and to increase

the efficiency of the operation. The location shall be approved by the SPCB/PCC. k

Sufficient land shall be allocated for CBWTF to provide all requisite systems. It is felt that a

central treatment facility will require minimum of 1 acre land area. —
In‘any area, only one central treatment facility may be allowed to h?‘ndlg‘:izr:g ‘lg‘s[e Lk \
the rate approved by the concerned authority. A CBWTF shall notw:;e il g e \
care facilities located outside a radius of 150 km. In case an area wh 008 2 otk

{ BWTF may be permitted to |
avallable in a radius of 150 km, an additional C

care facilities situated outside 150 km radius.
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i ntial that adequate protecti
erefore it is esse ion measures are to be i
Ths o anonal‘ health hazards. T'he administration of the heaFl)trr?v:gaer:
ishment (Infection Qontro_l Officer in case of large ones) should have a

detalled deliberation on this subject.

a safety measure for the medical and para-medical staff the followi

instrjcﬁons need to be notified and strictly adhered to: I
r directives in the form of a notice to be displayed in all concerned areas.

, Clea ;
|ssuance of all protective clothes such as, gloves, aprons, masks ete. without

fail.
Sterilization of all equipment and issue of only properly sterilized equipment

and tools, such as, surgical tools to the medical personnel and maintenance
of registers for this purpose.
provision of disinfectant, soap etc o
paper-

{mmunization to all m
Provision of @ wash area, Wi
» Washing and disinfecting fa
» Regular medical check-up (

d management of
[th and environmen

f the right quality and clean towels/tissue

edical care workers.
here they can take bath, if needed/desired.

cility for the cleaning equipment and tools.

at least half-yearly).
bio-medical waste is very much

Environmentally soun
t. The proper bio-medical waste

important to protect hea
management will help to:
« Control hospital acquired infections
» Reduce HIV/AIDS, sepsis, and hepatitis transmission from dirty needles and
other improperly cleaned or disposed medical items
» Control diseases passed to humans through insects, birds, rats a

animals
. Prevent illegal repackaging and resale of contaminated needles
o Cut cycles of infection and avoid negative long term health effects like
cancer, from the environmental release of toxic substances.
As per WHO norms the health-care waste includes all the waste generz‘:t.ed by
tories. In addition, it

health-care establishments, research facilities, and labora
includes the waste originating from minor or scattered sources such as that

produced in the course of health care undertaken in the home (dialysis, insulin

injections, etc.).

nd other

of Bio-Medical Waste Management
ste managemen
d organizes

4.2 Evolution

Establishment
from a nationa

of a sustainable bio-medical wa t system benefit
the different

| legal framework that regulates an

— == —F e
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t system. Legislation usually p| : tional legislation is the pagjg ¢, o] '
lements of a waste managemen : > Y Places o ® foes | ' ‘ =
gnednconlrols on what is permitted and prescribes sanctions on thoge ¢ atlg:h_ons T:]actices fane v Itk eSht??]"Shes L permitcsmf;atﬁte s
from accepted practice. In reality, a l‘f‘W WIH. remain ineffective f SOurces (fi aVlate regulatory frame work w IC. govemns the Management of waStee is'sposal_ The
SRl bl i n?ce| 4. The Watef (Prevention ang Contro| of Pollution) Act, 19 as follows,
it and or if enforcement is weak. Ent * water quality) o iy
The five guiding principles governing in waste-related laws are: 2. The Air (Prevention and Contro| of Pollution) Act

() Polluter Pays Principle: This requires any waste Producer tq be m

legally and financially responsible for the safe and environmepy 8
sound disposal of their waste. The responsibility to en ally
disposal of waste causes no environmental damage is
each waste generator.

(i) Precautionary Principle: The rationale of the Principle is that if h
outcome of a potential risk is suspected to be serious, but may. not bs
accurately known, it should be assumed that this risk is high. This has

(iii) Duty of Care Principle: This recognizes that an

(iv) Proximity Principle: The philosophy behind this p
treatment and disposal of hazardous waste (including health care

at each health care establishment, instead it could be done at a facility
shared locally or at a regional or national location.

(v) An Extension to Proximity Principle: This is the expectation that
every country should make arrangements to dispose of all wastes in an
acceptable manner inside its own national borders and prior informed

storage, transport, treatment and disposal of hazardous waSleS
(including health care waste) should be licensed or registered to receive
and handle named categories of waste. In addition, only licensed
organizations and sites are allowed to receive and handle these wastes.
No hazardous wastes (including health care waste) should leave a
place of waste generation until the subsequent parties (e.g. transport,
treatment and disposal operators and regulators) are informed that a
waste consignment is ready to be moved.

2 + 1981( for 4
The Environment (Protection) Act, 1986 ol Sl

dous Wastes (Mana ement, i
4. ,'\"Aiiz:nent) Rules, 2008 (for hgazardous v':::g;r_}g and
5. The Bio-Medical Wastes (
" health care waste)
6. The Municipal Solid Wastes (Management and Handling)
(for domestic municipal waste)

7. Battery (Management and Handling)
: waste).

OO

Transboundary

Management and Handling) Rules 1998 (for

Rules, 2000

Rules, 2001 (for used batteries

43 Organization and Management of Bio-Medical Waste

The bio-medical waste managomenl is a crucial one Which starts from point of

eration and ends at point of disposal. Pohoyi on bio-medical waste
gen ement needs to be evolved on the feasibility option and optimal
malrt]a‘gable treatment technologies in each individual hospital. The final disposal
susb'al-nmedical waste in individual hospitals is discouraged as the hospitals are
2 I(r)nuch within the vicinity of residential areas, disposal of waste by Incineration
xi’llylead to ambient air pollution. It is encouraged to have Com‘mon'Bio-Medlcal
Waste Treatment Facilities (CBMWTF) to treat all regional hospitals in one place
away from the residential places.

vernment has given guidelines for Common Bio-Medical Wasle
Tre.zrarl]r?\g:nlg;aéil(iii?as to come up ?n each district of India lo't'real and dispose bio-
medical waste scientifically. Establishment of such facilities has reduced the
burden of disposal for the bio-medical waste goneralors. However the generalorz
have to segregate the waste properly as per bio-medical waste ma'nagemenl alnal
handiing Rules in specific color coded bins/bago and ’store in lh? c?:]erm
temporary storage room so that the common blo-m‘edlcal waslo re:' o
facilitator can lift the waste from individual hospital wllh m.48 hours in ctJe |lcaaﬁd
vehicles and carry to their facilities away from residential areafJ to erﬁenled
dspose. The path between the two points (cradle to grave) can dlei?ns gslorage
schematically as categorization, quantiﬁcation, segregation, handling, '
lreatment, destruction and disposal of bio-medical waste.

5 U
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Category 8: Liquid Waste
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Category 10: Chemical Waste (Liquid & Solid)

46 Quantification of Bio-Medical Waste

A survey of all units i‘n hospitals/health care establishments will help to identify
and quantify bio-medical waste generation. In almost all the units (out patient,
wards, operation theater, labour room, laboratory, intensive care units etc. )'
waste is generated, only difference will be in category and quantity. As regards .to
the category wise percentage of waste generation in any hospital, non infectious
waste is 80%, pathological and infectious waste 15%, sharps waste 1% 5
chemical or pharmaceutical waste 3 % and others 1 %. To quantify the bio-
medical waste generation, waste audit is to be undertaken. The audit will give the
clear picture of what type of waste, how much and from where it is generated.
This information will be helpful to do waste minimization, items and equipments
required for segregation and treatment of waste and their placement. To know
how much and what type of waste is generated in each medical area, as a
precursor to actual bio-medical waste management planning, segregate the
waste at the point of generation category wise in specific color codes as per Bio-
Medical Waste (Management and Handling) Rules. Measure each category of
bag by weighing them daily for one week and then average it to one month. If the
segregation is not good then take the total weight, approximately 10 % to 25%
vill be the infectious waste. The following steps will help in finding the waste
generated quantity wise, category wise and unit wise.

* Ascertain how many medical areas produce health care waste. List gll the
departments and study on its activities, production of waste and quantity.
Find the composition of the waste in each place. Segregate waste category
Wise, weigh it daily at least for one week and then average to monthly. The
Waste generated is not same in all the areas producing waste.

Along with the solid waste generation assessment, liquid waste assessment
S also necessary.
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: Manage;
pMW handling, treatment and disposa) method ==rddenfent 185
s are shown in
gure 4.1,
Biomedical Wwaste
nfectious waste: | | Hazardous waste: ;
" Anatomical ~ Chemical Non-infectious wasts, Gaidwasis” |
_ Ppathological — Pharmaceutical | |~ °°‘:W=sle |
— Needles = Incineration ash | | \?'Sepackagmg
— sharps ~ Radioactive ors
Treatment |
x system |
Source separation:
- Storagoin colour | | pestruction and
coded containers R ey
disposal

disposal

Secured landfill

Figure 4.1 Management of BMW.

— Deep injection

The Ministry of Environment and Forests (MoEF), Government of India (

Recyci |

Mutilation of: Psic |
- Sharp needles - Paper |
_ Plastic disposables ~Metal |

Disposal:

— Incineration ;

 Miamuming Residue | May be mixed

- Secured landfilling With MSW for

Gol), has issued

the draft notification on the Biomedical Waste (Management and Handling) Rules, 2011. BMW
is to be treated and disposed of in accordance with the rules. The categories of wastes defined

in the proposed rules are given in Table 4.2.

Table 4.2 Categories of biomedical waste

Elagory Waste category (Type) Treatment and disposal option
it Human anatomical waste Incineration. |
(Human tissues, organs, body parts) There will be no chemical pre-treatment prior
to incineration. Chlorinated plastics are not be
incinerated.
., Animal waste Incineration.

(Animal tissues, organs, body parts bleeding | There will be no chemical
parts, blood, fluids, carcasses, and animals | incineration. Chlorinated
used in research, waste generated by veterinary | incinerated.
hospitals/colleges, discharge from hospitals and

animal houses)

pre-treatment before

plastics shall not be
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e Non-combustihle fines below 20%. g
e Moisture content below 30%. Hear A

Dews d
The chemical and physical characteristics of BMW vary extensively. BMW vax;ycio
in composition,

I o

j
bulk density as well as in heat and moisture content. The energ, ‘?Sideramy
BMW can vary from 3.400 to 45,000 kJ/kg. Because of varying waste c!1arac1erizu£9nlen| o
impact on incinerator output, large volume of BMW with low or high energy 0:* "‘n‘d the
content may be known so that incinerator operating system and charging rates can l:"“_lSu.re
accordingly. © adjugyeg
Incineration of certain types of BMW, such as those containing chlorine or heay,
may under certain conditions (such as insufficiently high incineration temperatures inyadmcm]g‘
jal into the atmosphere. 2 €Quat,

control of emissions) release toxic materi

4.5.3 Types of BMW Incinerators

i Three basic kinds of incineration technology are of interest for treating BMW:

(i) Double-chamber incinerators, which are specially designed to burn infectious BMw

i (ii) Single-chamber furnaces, which should be used only if double chamber incinermm
L are not affordable. Y
n\b (iii) Multiple chamber pathological waste incinerators are often designed and useq

specifically for pathological wastes which have high moisture content and mp
contain bulk liquids. Y
o 4.5.4 Standards for Incinerators
") The incinerators should meet the following operational and emission standards.

| Operating Standards

Operating standards of incinerators are as follows:

1. Combustion efficiency (CE) at least 99%.
2. The combustion efficiency is computed as follows:

%CO,
%CO, +%CO

CE=-

%100

3. The temperature of the primary chamber should be 800 + 50°C.
4. The secondary chamber gas residence time should be at least one second at 1050 *
50°C, with minimum 3% oxygen in the stack gas.

Emission Standards

Emission standards of incinerators are shown in Table 4.6.

H”,d”[( * = e
T Resaonch Lo
Ay ] f Lkl
\;Umkd podeo sbije Gl Echiols e :
ologies for Biomedical Waste M,
lanagement
Table 4.6 Emission standargs .

Parameters

Concentratioy o
‘ particulate matter ‘“ MO at (12% CO, conrection)

a Nitrogen oxides 150
‘ Vinimum stack height shall be 30 m above ground

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

fe g e —
% Suitably designed

pollution control equipment should be i
. : L € install v
incinerator to achieve the required emission limits. G e

» Wastes 0 be incinerated should not be chemically treated wi
disinfectants. ed with any chlorinated

o Chlorinated plastics should not be incinerated.

» Toxic metals in incineration ash should be limited within the regulato -
defined undes the Hazardous Waste (Management and Handl'm: andr%r:?x:;‘::;;;ai
Movement Rules) 2008. % .

o Only low sulphur fuel or diesel should be used as fuel in the incinerator.

id

The main disadvantage of BMW incineration is the of pol o the e
some of them extremely toxic. Pollutants are usually emitted either in condensed \p:m.iculau;.

matter) Or in gaseous phases. Many organic and metallic compounds have known effects on
human health and environment.

4.6 AUTOCLAVING

Autoclaving is a wet thermal disinfection process. Autoclaves are used in health care

facilities for the sterilisation of medical equipment. They allow for the treatment of only

limited quantities of waste and are therefore commonly used only for highly infectious

waste, such as microbial cultures or sharps. About 99.99% inactivation of microorganisms
is achievable with autoclave sterilisation. Needle sharps are collected in puncture proof
containers and needles autoclaved before sending to needle pit. All microbiology waste
along with containers per plates per tubes is autoclaved before recycling/disposal. The
discarded/infected blood units in blood bank need to be autoclaved before disposal since
chemical treatments are difficult or inefficient.

4.6.1 Standards for Autoclaving

Autoclaves or steam sterilisation have been used for over a century as a means of treating

specific forms of waste, such as infected samples from pathology labs. Saturated steam 18

the
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are summarised in Table 4.9 and comparis

Treatment/Disposal

| Disinfection by
| ehemical

f incineration

Drum incinerator

Encapsulation |

Irradiation

96  Solid and Liquid Waste Management—Waste (0 Wealth

* Disinfection efficiency/Microbial inactivation efficiency

e Waste reduction

e Types of waste treated

e Capacity of the system/model

e Infrastructure/Space requirements
o Operation and maintenance issues

ischarges to the atmosphere and the surrounding land area

o Emissions and d
e Options for final disposal
 Investment and operation cost

e Occupational safety and health

o Public acceptability

e Regulatory rcquuemenls/Acccptance

The advantages and disadvant:
on of technologies is listed in Table 4.10

Table 4.9 Advantages and disadvantages of treatment and disposal for BMW.

Disadvantages

Advantages

| « High efficiency of disinfection. C_yloloxic may be partially destructed,
d hazardous waste. | * High capital and O&M costs. 3

o | - suitableforinfectious n
|° Suitable for infectious and hazardous waste. | © High capital and O&M costs.
[+ Disinfection is effective under suitable

| operational parameters.
| » Few disinfectants are inexpensive.
| + significant waste volume reduction.

measures.

’!'i// contagious wastes.
[ single chamber I= Good disinfection efficiency- - Substantial emissions to atmosphere.
| « Reduced weight and volume of waste. + Removal of air pollutants is important.

| « Residues can be disposed in landfills.
+ Trained manpower may not be required resistant wastes.

| « Low capital and O&M costs.
[ Significant waste volume reduction. - Qualified manpower for Q&M is required.

Thermal treatment

| « Low capital and O&M costs. « Not suitable for BMW.

e Significant reduction of weight/volume of

‘ waste.

| + Low capital and O&M costs gas, smoke, and odour).
[+ Low capital and O&M costs. - Not suitable for BMW

« Suitable for other hazardous wastes

| « Low capital and O&M costs.

Suitable wh
and precautionary measures
High capital and O&M costs.
Possibility of O&M problems.

+ Good disinfection efficiency.
« Significant waste volume reduction.

ages of various BMW treatment and disposal technolog;
Ogies

Qualified manpower for O&M is required.
« Hazardous chemicals require sa(etvy

Unsuitable for selected chemicals and

. Inefficient in destruction of thermally

+ Selected chemicals do not get destructed.
+ Substantial emissions to atmosphere (flue

ere site access IS restricted
are followed.

Technologies for B

lomedical Waste
A dical Waste Manag
Table 4.10 Comparison of BMW treatment tech L Management 97T
ﬂ —

Autoclave Hydroclave

Chemical

Direct steam
heating and
sterilisation

Indirect steam
healing and
sterilisation

Microw

ave heating | Pulverised MW |
mixed with
chemicals

tion
terils?
e«g;rweness

=
&
3
@
g
g
S
g}

Low skilled
manpower

Low skilled
manpower

manpower

manpower chemicals

Non-toxic but|Non-toxic but ha: P |

s | Non-toxi

has odour odour \ud;‘u\vom o has\E:\&m &
chemicals

Odourous Sterile but Negligible \Lu
w

Negligible
odourous

Waste having
moisture

Dehydrated waste | Waste having Waste having
moisture moisture and
chemicals

Potential for
toxic substance
put mainly ash

1. What is the lyp'\ca\ composition of biomedical waste?

2, Draw 2 diagram showing various pathways for
3, Class ght categories and explain any thereof them in detail.

4, Discuss
5, What are the
facility?

6. List five p
7. Draw a simplifie
8, What criterion is to be fol
9, Mention the different kinds of inci
10. Explain the ‘operating standard’ and ‘emi

11, What are the prescribed standards for biomedical
portant for the discharge

of biomedical waste.

ify biomedical waste in el
the colour coding system an
¢ salient features and guidelines for
arameters for selection of biomedical waste treatment technologies.
d flow diagram of an incineration s
lowed for incineration of biomedical waste?

nerators used for biomedical waste treatment.

| waste autoclaving?
12. List the parameters which are im! of effluents from hospitals.
13, Mention the criteria for the selection of biomedical waste {reatment technologies-

14, Compare various biomedical waste freatment technologies.

d the type of container for handling of biomedical waste.

establishing a common biomedical waste freatment

ystem for biomedical waste treatment.

on standard’ of & biomedical waste incineralor
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Segregation s g Very important factor r ma agemen
multiple choice of color codes for Segregation Mentioneq aboy,
Upon the treatment and disposal technology for Various ¢4
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or bin. The waste Which i ing or mi
treatment anq f; i i
collected in req

in waste

0s|
ails of s

regation of
treatment and di

ISposal tech
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, Cat 2 Animal
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Treatment &
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0 i \I
ier between bio-medical
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BMW disposal. Incineration of BMW reduces the volume of waste by 65

gglﬂﬁﬁﬂﬂ“ﬂﬂﬂﬂﬂﬁﬁﬂﬂﬂﬁﬂf_ggg_‘_\\\\

Description

"As per the provisions of BMW Rules. nost of the waste classified in categories can
based on non-bum technologies and aecount for nearly 90% of the total waste in a be tr
facility. It is obligatory to opt for incineration/deep burial (depending upon the p
{own) to anatomical and other types of waste falling under categories 1 and 2. Tj
incinarator of optimum capacity to cater only o categories 1 and 2 wastes should
| If engineered landfil is not accessible, category 5 waste may be incinerated. CBWy
| have faciliies like incineration: y , shredding, enr Shall
| encapsulation, vehicle, container washing system, Effluent Treatment Plant (ETP).Vet:rD piL,
CBWTF shall have enough space within it to install required treatment equipment,
ste handling/storage area. parking for vehicles, suitable area forwasr']_'"ﬁoming
must be provided for each of the treatment equipment at melng‘ ETp,
autoclave chamber, microwave chamber, efc,, as requi CBWrR
o and ventilated. The chamber shall be such that the red. Eagy
|. The CBWTF shall have sufficient Spac;,r:bab‘“
block, Diesel (DG) set, site sr Wastg
area, washing room, efc. ecurity,

Treatment
equipment

al
OPUlatiop,
herefore &
be INStaljgy

of

Infrastructure [ The

setup | and outgoing wa

| etc A separate housing

such as Incinerator chamber,

| chamber shall be well design

| of sticking of [microorganisms are minima

storage, treated waste storage.

| parking, suitable sign board, green belt
["Maintenance of records for all operations carried out at the CBWTF is very important to m,

| overall operation of the CBWTF. Daily records shall be maintained for the waste accept, Onitor

record shall include at least the following details: Waste 'eed,a"d

of the health care facility, waste category as per the BMw. ‘:IVEG

date (at site), date on which BMW is treated, type of tr ules,

ber and location of final disposal eted

Record keeping

J (quantity and date), name >
' transportation number and receiving

| | waste and it quantity, vehicle registration num

Source: CPCB (2003)
Certain treatment options may effectively reduce the infectious hazards of BMW. The
of BMW treatment technology should be cautiously done on the basis of a range of

selection
the local conditions (Table 4.5).

factors most of whom will depend on

Table 4.5 Factors in selection of BMW treatment technologies

WHO (1999)
« Disinfection efficiency
« Health, safety and environmental aspects
«  Volume and mass reduction
« Occupational health and safety i
« Quantity of BMW for treatment and the capacity of
the treatment system
o Types of waste for disposal in the landfill
« Infrastructure requirements
« Locally available treatment options and technologies
« Options available for final disposal
« Training for operation of the treatment system
« Operation and maintenance of the treatment system
« Location and surrounding environment of the
treatment system and disposal facility
« Capital and operational costs
« Public acceptability
« Regulatory requirements

« Throughput capacity
« Types of waste treated

« Microbial inactivation efficacy

« Emissions and BMW residue

« Regulatory acceptance

« Space requirements

« Utilities and ancillary requirements

. Reduction of waste volume and mass

. Occupational safety and health

« Noise and odour

« Automation

« Reliability

« Level of commercialisation
« Technology manufacturers/vendors background
» Cost
« Community and staff acceptance

4.5 INCINERATION OF BMW

The objective of burning BMW is to reduce its volume since it is difficult to acquire sites for
_70%. Incineration

Teq

chnologje
ologies for Biomedical Waste Man, 8
. fectious wastes. Incinerati by 51e Management 9
uoysr;?rfzbwaslc T e maon of wasi is afordable and feasi e
: athogens from waste and reduc;.wi‘l‘ Lly"c‘ of incinerators (i[(‘:::-)ycrlf \:‘JC COUALT
f . ste 1o ashes. 4 ated properl
ceutical or chemical was ettt i . However, cert 2 Y,
harmacel iy as»\cs, require higher temperatur U.f certain types of BMW,
ators. deslgn P y for treatment of BMW should s for complete destruction.
d 1200°C. Treatment by incineration and dis oOperate at temperatures between

. widely used treatment process for munagifr"‘;?;'\?&,lhe resultant ash by land filling

1,‘|cmel'
9000(: an
js the mos

45.1 principles of Incineration
lncinemzion‘is a hi‘?'h [Chperanre dry. oxidation process that reduces organi

waste into morgamcsAand incombustible form resulting in a sj n‘.fUrbamc Md, combustible

and mass. Th_ls Lreatm;m system is selected for treatin gm gl setion Of Waste

L reused or d¥spose'd in a landfill. The combustion Ofgor 0se wastes that cannot be
s seous emissions, including steam, carbon dioxide, nitrof S:NCvcompound\ produces
articulate matter, and solid residue in the form ,of ashis ;}:“des, and certain toxic
matically in Figure 4.2. - The process flow diagram

substances: p
is illustrated sches

Discharge of
flue gases

Wet flue gas
cleaning

Steam

Ashes

Wastewater
Heat recovery . 5

Incinerator

iy
e}

Wastewater v\:raes‘fwa\e(r Decte i
ChIb) Sludge (further NS s
treatment) 52725 & S
Ashes (disposal or ESYroas
stabilisation) s RS =
% o 5 oo = o o
Figure 4.2 Simplified flow diagram of Incineration system. | 232 _SQ 2 %f 8 E‘
| e @at = S
s ; 0 PZ 2P O59 28
452 Waste Characteristics for Incineration | 2E36€E5 5553
8o
G | 2zE0ECES=232
The characteristics that make BMW suitable for incineration are: el S5 St at EE
| =2 @ Q s
¥ ~ T o | © g o =
o Heating value above 2000 keal/kg for single chamber incineralors, and above 3300 keal/kg | © %E’ E ] 2% gred
ot { =< O S ClcRcso
for double chamber incinerators. \ = & G 2 5980 %‘E
o Combustible matter above 60%. { = = 5 £ 5 f‘g & 5,9 é
; ] 8 o=
o Non-combustible solids below 5%. . | SESE
L ol :

=] ‘i \\\r'l\ﬂ : Ve :
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Wi caseé study

M common Bio-Medical Waste Ti

Typicel. - reatment Facility:

fommo 'O'Medma]d\/\éa?e Treatment Faciityjisicateting t,r:y 79% J- Multiclave a

oag stren’ th. Aroun o?s per day of bio-medical waste is hospital, 14000

lect pio-medical \:Ia?he rom hospitals using dedicated Vehig\;“f‘ge‘?‘ They

tazard S mbol on it. The waste in yellow goes for incineration, r :V\ng bio-

auociaY and shredding and sharps waste in white translucent bin i: d_gpes for
enca sulated. The bio-medical waste which needs autoclaving i lS;nfec\ed

per day. round 2.5 to 3 tons per day goes for incineration. The var?olfs {5 ol

puallable at Common Bio-Medical Waste Treatment Facility are as followsac‘mles

Autoclave, Incinerator, Shredder, encapsulation structures and
yeatment facility- Wwaste water
-Medical Waste Treatment and Management

desh - GJ Multiclave (India) Pvt. Ltd.

in?
ENCAPSULATED
SHARP BUNKERS

First Bio
Facility in Andhra Pra

GJ MULTICLAVE (INDIA) PVT INCINERATOR
LTD.

AUTOCLAVE SHREDDER EFFLUENT DEDICATED
TREARTMENT VEHICLE To
PLANT CARRY BMW FROM
HCEs

412 Legal Provision

The Bio-Medical Waste (Managemen
amendments  under  Environment (Protection) ot

management of bio-medical waste.

t and Handling) Rules,

1998 and
1986, governs the

R =
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Blue Bin

Cat. 7 Solig 'ﬂste

Black Bin
Cat, emical Waste (S, lid
Chemica] . ste (Solid)
) S

} X N
B ¢
i \%\“/\ ‘\']

scarded Medicine

Cat. 9 Inci
- 2 Incineratjq,
n Ash C;
at. 5 Dj

White Bjn

Cat
.4 Sharpg wag
aste
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Red Bin

Cat.6 Soiled Waste

Cat.7 Solid Waste (Cat.3 Micro & Biotech Waste

48 Treatment, Destruction and Disposal of Bio-Medical Waste

After segregation treatment of syringes, needles and plastic waste is by
mutilation and disinfection to avoid reuse and infection. The various treatment,
destruction and disposal methods for each category of waste are mentioned

below.

As soon as category 1h
parts), category 2 animal
parts etc.) and category 3 microbiology and bio
cultures, stocks or specimens human and ani
yellow colored bin or bag, before 48 hours it should be incinerated or subject to
deep burial. The deep burial option is for towns where population is less than five
lakh and in rural areas. There is NO need to treat the waste before disposal-

Category 4 waste sharps (needles, syringes, scalpels, blades, glass, etc., that
may cause puncture and cuts, includes both: used and unused sharps) st_\o_uld })e
mutilated and disinfected. As regards to needles and syringes, after the injection

is administered the needles should be cut from the hub by & needle cutter, SO
less and can't be reused. The

that both the needle and the syringe become Us€

cut needle gets segregated in the pot which is fixed to the needle cutter. Thg cut
syringe goes along the solid waste (plastic ) stream, in the bucket with sieve,
which has atleast 1% sodium hypochlorite solution or any other €q
chemical agent. Metal needle from the pot to be transferred in to the puncture
proof white translucent container having atleast 1% sodium hypochlorite solution
or any other equivalent chemical agent. It must be ensured that chem]ca|
treatment ensures disinfection. The disinfected needle can be encapsulated into
municipal secured Jandfill or can be given to authorized metal recycler- If auto
disabled syringes are provided it prevents the reuse of non sterile syringes as it
self locks after single use. The glass waste (vials etc.) can be given to au

thorized
glass recyclers:

uman anatomical waste (human tissues, organs, body
waste (animal tissues, organs, body parts, bleeding
technology waste (waste from lab,
imal cells etc.) are segregated in

22 am
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Category 5 discarded medicines a|
outdated, contaminated and discarded medicineSA), Categ
and category 10 Chemical solid waste (chemical used
chemicals used in disinfection, as insecticides, etc.), e
after destruction put it in secured landfil|.

Category 6 soiled waste (i
including cotton, dressings, s
contaminated with blood.), either incinerate
microwaving and putitin secured landfill.

Category 7 solid Wwaste (w:

nd cytotoxic drugs (waste Compris:
ory 9 lncinerazismg &
n product[on of b 3

: ! olog
ither direct, f”Cineroa?lfal‘
or

with blood, an,
nes, beddings
or disinfect

items contaminateq d b
oiled plaster casts, i o

other Materiy
y autoclawng/

Posable itemg othe

T
S sets etc.) by

»destroy the

Category 8 liquid
cleaning, house.
chemical waste
disinfection, as i
in the Bjo-Medi
drains. The stan

The various t,
bio-medica was

nsecticides, etc.),
cal Waste (Man

dard for liquid waste is as follows.
"eatment anq djg

: Posal options ayaj
Bon s p Vailable to Properly manage the

! —
Municipal Landfill
e i, S

Mutilate ang disinfect at

Recyclin, Industry/Municipal
= ,,,,,,ersourceofgeneraﬁon Landfil| ; ol i
| Mutilate 5

nd disinfectat | Reg cle/E
n
| source of generation { R
No tr ent required e
4 me%requnredi anmeratg/Deep burial
| l@ra\m/Deep burial

Dispose in Secured landfill

Disp
=

General / domestic waste ecured landfil|

As per the Uidal e [ j‘ii”,’ﬂ!’L‘EéU’i’L

HE g i chfnés;‘:ic;b% Cemral Pollution Control Boarg disposal of

e 0! i i

medical w, > lreatment 1acr!mes ar;%fizuLz d‘sc%uraged a0d mONPiee
ge

rural areag where | less than 5 i €ep burial option js in the

POpulation jg

Bio-Medical Waste 131

ement
r Bio-Medical Waste Manég technologies have been
logies fo of bio-medical was\: Va::u:natomica\ waste, a“.‘{;“a'r
ry ; The hum " te are eithel
907 he categ® nd dispose. nd soiled was o
ppendd (o, destruct abioteohnolog‘! Was af\on is in rural areas whe
Evolved ‘?C,Lbiology anded The deep burial Op
mi puried.
waster or deep Pt \akh.
mdnt?f:‘:n is less than five
a
pop!

Techn®

4o Incinerater

ion Efficiency
combustion 3 %CO,

CE = 3,c0, + %CO.

(CE): at least 99.00%

%100

50 deg. C*-

per- 800 £

. primary cham ime - at least
Temperature: pmber gas resident."?‘ “mmi?\imum 3%
Secondaéyac\hioSO + 50 C°, wil

one secon

Oxygen in the stack gas.
ds al
ission Standar P
corf—;?:lt?on). Minimum stack :53 e
{ matter —
Particulate o

3 at 12% CO2
ncentration Mg INm

re as follows. (CO “bove ground:

30 metres

Nitrogen Oxides — 45

HCI- 50 and : S
Volatile organic compounds in ashl b
i igned pollution contro e
thesil:\léiar?e‘\{a?:rs ‘t% achiive é:i rra\‘il::(;\\{j e dwi_\‘_OXiC aer
inci shall not be | e s
gﬁllg?i?;te:d p‘aS“?S'S";ﬁle‘ peogtu?aetory quammes2 oaOSB;j.eOnly I
shall be limited W‘th:\? e S Rulfﬁz,‘ o)
Wasge”_(g/\ 3“23322;‘ shall be used as
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incinerator.

0.01% ;
more than ks
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St;r?i‘tjs ’ ne09§satryé d'\i‘mfec!ams,
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sulphur fue! i
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ep Burial Pi out 2 Me!
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\d be half he S
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2“, solid and Liquid Waste Man2 ement o e oS

some heating value. passes betw een the clectrodes and transfers the heat to the was .
In some systems, the anode and cathode ar¢ poth part of the plasma torch. /\nm‘[‘;\}k‘ Maygy;
to use a direct current (DC) plasma arc. wherein the ar¢ forms between a g“‘hhitl‘. des; |

directly to the metal in a molten bath formed from (he waste in the treatment ch_‘L u]cul_“(lls

pyrolysis involves the high ({emperature 1000°C combustion of waste in l]\éxhl\m le

) o higher {emperatures. the system (reats, destroys and reduces S‘h:c“tq &

Volup,

en. In achieving

a two-Step process. Firstly, the wa;
3 : aste
auses organic solids an:;l.e'“tn
1quig
s

and Megy

oxyg

of BMW

Biooxidiser. & .ummucl;\lhcd technologys uses
heated from 95 to 600°C. Thi

ert ash including inorganic material such as glass

ced draft fan draws the vapours from the Pyroly;;.

er operating at 1000°C to 1100°C. Controlled ’as Champ,

r to complete the combustion process. m\()u.n\s of

tis a relatively clean exhaust sn‘ea“'\ With the

a pyrolysis chamber where itis
to vapourise. Jeaving bel
In the second stel
oxidation chamb
idation chambe

devices, the outpu

AL OF BlOMEDlCAL WASTE (BMW)
for the disposal of BMW. The use of a landfi)|
U for

pieces p. an indut
inlo a l\\l‘—\‘_\gk‘
added in the OX

oxygen are
ontrol

addition of pollution €

4.10 LAND DISPOS

have been Lmdi(mnul]}‘ used
creased Tisks:

BMW disposal poses the following 11!
o The possibility of harm to thos® handling BMW.
o The pn~~|h|ln_\ of unaulhnnscd ] par(icularly sharps and needles.
o The disposal © BMW may spread diseases in the nearby community

o The discharge © he air or water-
Land disposal M4y result in grou

designed and/or npur.ucd In choosing 3
risk of toxiC emissions Or O

Landfill sites

f unsterilised
f pathogens in U
n if the landfill site is inadequately
] technology for BMW, panicu]mlv
equences, the relative risks, Sh(\ul)d

dumpsites can be:

ndwater pollutio
(reatment OF disposa
ther hazardous cons
ategy (0 upgrading the existing
It involves reduction of the working area of the site
e site with soil, extinguishing fires, and

if there Is @
ly analysed. A str

ontrolled dump sites:
ng unused areas of th

pe careful

Open dumps to ©
oa more munugc.x
es for scavengers.

neered landfill:
ater from ent
and compacting W
.. and isolating the waste from

ble size, coveri
setting guidelin

This involves the gradual adoption of engineering
ering the waste, spreading soils to cover wastes,
ste into thin layers, preparing ney
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