CHAPTER -4
CHARACTERIZATION AND GRADING OF BIO-MEDICAL WASTE 
AT SIR GANGA RAM HOSPITAL
4.1
 Introduction
        In the recent years the concern has grown up for the appropriate management of bio-Medical waste because of its potentially hazardous nature. The total quantity of waste generated needs to be determined on a daily basis so as to carry out the safe disposal of and ascertain its physio-chemical and microbiological characteristics. Few data are available on the composition of hospital waste. The central idea of this report is to determine the daily generation and nature of Bio-Medical waste, plastic characterization and value of recyclable waste at Sir Ganga Ram Hospital. Biomedical waste is very heterogeneous in nature and similar in many respects to municipal solid waste. Biomedical waste is unique as it also contains some potentially infectious substances and because of this, it is important to handle and dispose of the waste in responsible manner. According to a study conducted by Monhanty S.K and Tiwari T.N.  in Canada, the daily generation of biomedical waste in modern hospitals may range from 2.2 to 7.7 kg per bed per day . The rate of generation of infectious and non-infectious wastes is 1.20 and 0.19 kg per day per bed respectively.

        In India the disposal of biomedical waste is not carried out scientifically in many of the health care institutions. Since the available medical facilities in our country are not adequate to provide proper medical care to the growing population and as the conditions of most of old government hospitals are deteriorating, many new private and government hospitals are coming up, which are obviously going to increase the amount of biomedical waste generated on a daily basis, if these newly established hospitals and nursing homes also follow the existing trends of biomedical waste disposal. This may result in a pathological disaster. Generation rate of hospital s needs to be determined in order to know the status of biomedical waste in various hospitals.
        The amount of waste, the cost of recycling programs, and the amount of heat available for a waste-to-energy program is determined by Waste generation numbers. There is generally a tradeoff between a recycling and waste to energy program. It is desirable to burn as much waste as possible when an incinerator with a waste heat boiler is considered for steam production. Each hospital  vary for waste generated and it is important to establish definitive numbers from actual waste surveys for the design of any hospital waste management program.
        Characterization of various types of bio- medical wastes with their nature, composition and sources are given below:
Table 4.1(a) (1)  Characterization and sources of Infectious bio-medical waste 
Characterization and sources of infectious bio medical wastes are as in the table give below     

	              Nature                        
	     composition
	           Sources 

	       Isolated waste
	Discarded material of highly communicable disease 
	TB wards ,skin , isolation wards  

	Culture stock of infectious agents research dept.
	Formalin preservatives, specimen cultures , discarded live & attenuated vaccines
	Forensic ,pathological, microbiological

	Blood and blood products 
	Blood ,serum ,plasma & other blood products 
	Blood bank , operation theatre(OT)

	Pathological
	Waste of human origin 
	Pathological

	Contaminated sharps/metals
	Syringes , scalpel blades , needle, broken contaminated glassware 
	All types of wards , OT

	Surgical /autopsy wastes 
	Human organs, infected tissues, body fluids 
	Surgery , forensic, OT

	Bedding and other materials
	Soiled dressing, sponges , drapes , lavages tubes , under pads & surgical gloves 
	All types of wards , OT 

	Laboratory waste 
	Specimen container , slides , cover slips ,disposal gloves , chemicals 
	All types of wards 

	Dialysis wastes 
	Tubing , filters ,disposable sheets , towel, apron , lab coats 
	Infectious wards, dialysis units 

	Emergency
	Body fluid, disposable material 
	ICU

	Pharmaceutical 
	Drugs , packing material 
	Pharmacological lab 


Table 4.1(a) (2)  Characterization and sources of Non – Infectious Bio-Medical Waste
    Characterization and sources of non-infectious bio medical wastes are as given  below:
	              Nature                        
	     composition
	           Sources 

	     Administrative
	Paper, plastic, cardboard
	Office

	Cafeteria/parents food service 
	Food waste, food packing, egg crates
	Canteen, hospital kitchen

	Domestic
	Refuse, garbage, paper etc. 
	Staff quarters, hospital kitchen


Table 4.1(a) (3)  Characterization and sources of Hazardous Bio-Medical Waste
	              Nature                        
	     composition
	           Sources 

	Antineoplastic/chemotherapy drugs
	Antibiotics and other drugs
	Cancer ward

	Formaldehyde
	Specimen preservative
	OT, lab

	Radioactive
	Iodine isotopes, cobalt -60
	Radiology unit


     Characterization and sources of  hazardous bio medical wastes are as given below:
4.2 
Present Work Methodology 
        The quantity of biomedical waste generated from various departments of Sir Ganga Ram Hospital has been collected at the waste storage depot. These wastes have been further segregated and weighed separately for categorization into infectious, non-infectious waste  and general waste . The infectious waste goes to yellow beg.The average generation of waste in different color coded bag is determined as given in table 4.1(b). Waste coming in two shifts from all the wards of hospital, kitchen, and garden trimmings, laundry and doctor and nurses hostel integrates to total waste. The components of non-infectious waste but hazardous coming in blue bag and general waste in black bag are quantified by standard sampling procedure, which is as follows:

Sampling procedure:
· Unload the known mass of wastes in a controlled area away from other operations.

· Quarter the waste load.

· Select one of the quarters and separate all of the individual components of the waste into reselected components as those mentioned in table (4.2 and 4.3).

· Place each component separately and measure mass of each component.

· Determine percentage distribution of each component by mass

4.3 
Rate Of Generation Of Infectious, Non- Infectious And General Waste 
         The generation of waste is about 3.5 kg per bed per day from hospital as revealed by the studies in Chandigarh. Studies conducted by USEPA(l978) on hospital solid wastes indicates that approximately 4.6 kg (l0 pounds) or more of solid waste per day per patient is generated in an acute care medical facility. According to JlCA (1982), the generation of infectious solid waste alone in the order of 0.43 kg per day per bed in many hospitals in Bangkok. Quantitative estimation of infectious and non-infectious wastes generation is required for the effective management of the two groups of wastes . Infectious wastes are highly hazardous and need careful disposal practice, in order to eliminate the transmission of diseases either by itself or through vectors. The results indicate large variation on the generation of infectious and non- infectious and general wastes. 
Table 4.1(b): Quantity of waste generated in kg / day in different color coded bags 
     at Sir Ganga Ram Hospital
	Type of waste
	Daily generation (kg/day)
	Percentage

	
	Minimum.
	Maximum
	Average.
	

	Infectious waste
	210
	250
	230
	13.06%

	Non- infectious waste
	105
	125
	115
	6.53%

	General waste
	1290
	1540
	1415
	80.41%

	Total waste:                                                                  1760 kg/day 


          From  the table  it is seen that the rate of generation of infectious and non-infectious wastes is 0.4 and 0.19 kg per day per bed respectively. The over all generation rate is found to be 3.1 kg per bed per day. The range of generation of infectious waste is from 210 to 250 with an average of 230 kg per day indicating that it contributes about 13.06% of the combined waste. 
4.4 
Contents of Non- Infectious Waste (Blue Bag)
        Non-infectious but hazardous products are collected in blue bag. Their uncontrolled dumping poses a threat not only to the surrounding, but also to some medical items which are accessible to the rag pickers. A large number of medical items (disposable syringes, used bandages, surgical gloves, blood bags, catheters and intravenous tubes, etc.) are hitting the market again after being washed and repacked which are meant to be used just once. The hospital wastes especially in blue bag are identified as highly infectious so disinfection and disfigure of the waste should be carried out carefully. The physical composition and quantification need to be assessed for careful handling and disposal of this waste. Since most of the products are recyclable in local market, therefore, blue bag first undergoes to autoclaving and then shredding. After shredding, it is sold to local market. Table 4.2 indicates that the rate of generation of non-infectious waste ranges from 105-125 kg/day thereby giving an average of 115 kg/day, which calculates to 0.2 kg per bed per day and 6.53% of the combined waste.

    Table 4.2: Contents of non - infectious waste (blue bag
	Description 


	Quality (kg/day)
	Percentage(%)

	
	Range 
	Average 
	

	1. Gloves 
	44-52
	48
	41.7

	2. Syringe
	14-20
	17
	14.8

	3. Needle
	3.5-5.5
	4.5
	3.9

	4. Tubes
	22-26
	24
	20.9

	5. Blood and Urine bags
	8-11
	9.5
	8.3

	6. Glass bottle 
	4-6
	5
	4.3

	7. Needle cap
	1-2
	1.5
	1.4

	8. Others
	5.1-5.9
	5.5
	4.7


        The characterization of non-infectious waste i. e. Gloves, Syringe, Needle, Tubes, Blood and Urine bags, Glass bottle, Needle cap and Others generated kg/day with their percentage is as shown in Table above. 

4.5 
Contents of General Waste (Black Bag)
        The contents in black bag includes general waste or municipal waste  In Sir Ganga Ram hospital, the waste coming from the patient beds, wards, laboratories and operation theatres is collected separately and the waste coming from kitchen, doctor rooms, hostels, canteens, and garden trimming is collected separately. This is done to segregate on site  because most of the items coming from the patient beds, wards, laboratories and operation theatres contains more percentage of recyclable products like paper, plastics, cardboard, glass bottles, metals (aluminum foils and cans etc.) and fruits peels etc. These recyclable products then go to the local market. After segregation municipality trucks pick up the remaining waste along with the waste coming from kitchen, doctor rooms, hostels, canteens, and garden trimming. Table 4.3 shows that, the generation rate of general waste is 1415 kg per day, which is 80.41% of the overall waste. The percentage of recyclable is 42.90% of the total general waste. The study shows that it is better to segregate general waste in two parts i.e. waste from Hospital and waste from the other sources.

Table 4.3: Contents of general waste (black bag)
	Description 
	Quantity (kg/day)
	Percentage (%)

	
	Range 
	Average 
	

	1. Paper
	101-112.4
	106.7
	7.54

	2. Cardboard
	88.8-100
	94.4
	6.67

	3. Glass
	228-249.4
	238.7
	16.90

	4. Plastics
	111-137.30
	129.15
	9.12

	5. Metals
	31-35.5
	33.25
	2.34

	6. Textiles
	5.6-10
	7.8
	0.55

	7. Garden trimming
	83.6-94
	88.8
	6.27

	8.Others(kitchen   waste etc)
	695-737.4
	716.2
	50.61


        The table shows that the generation of general waste ranges from 1290-1540 kg/day therefore giving an average of 1415 kg/day.

4.6 Contents of Infectious Waste (Yellow Bag) 
         The infectious waste contents cannot be quantified because of the risks of health hazards and infection. As mentioned earlier the mass of yellow bags going for incineration has been taken. During the study it was reveled that the quantity of infectious waste generated ranges from 210 to 250 kg/day which evaluate to an average of 230 kg/day.
   Table 4.4  Contents of infectious waste (yellow bag)
	Components 
	Quantity (kg/day)
	 Percentage (%)

	1. Bandages
	35.5
	15.43

	2. Moist clothe 
	28.9
	12.56

	3. Plastics
	73.3
	31.87

	4. Cotton
	15.5
	6.74

	5. Paper
	24.5
	10.52

	6. Cardboard
	22.2
	9.52

	7. Glass, sharps, etc
	13.3
	5.78

	8. Others
	20.0
	8.69


Note: Theoretical analysis (Ref: Indian Journal on Environment Protection.564, Vol. 21, no. 6, June2001)

(Infectious waste includes: diapers, bandages, cotton ball, sharps, moist clothe, human anatomical waste, plastics etc)
        The characterization of infectious waste i.e. Bandages, Moist clothe, Plastics, Cotton.   Papers, Cardboard Glass, sharps, etc generated kg/day along with their percentage are as given in table 4.4.

4.7 
Total Composition of Hospital Waste 
        The composition of hospital waste i.e. the average percentage of components present in the hospital waste is shown in table 4.5. The waste is divided in to different segments. From the studies, the percentage of recyclable products likes paper, cardboard, plastics, textiles, metals and glass is 40, percentage of sharps is 0.25, percentage of infectious waste is 13.25 and percentage of general waste is 46.50.
 Table 4.5 Average composition of hospital waste

	Material 
	Percentage (wet weight basis)

	Paper 
	6.06

	Cardboard 
	5.36

	Plastics 
	12.92

	Textile 
	0.44

	Metals 
	1.9

	Sharps 
	0.25

	Infectious waste 
	13.25

	Glass 
	13.56

	General waste 
	46.25


        In table the table given above the material includes the following components: Paper includes: towel papers, newspaper, office papers, cardboard etc Plastics includes: gloves, containers, syringes, tubes, bowls, bags, bottles etc. Clothe includes: laundries, etc. Metal includes: needles, aluminum cans, aluminum foils, metal cans etc. Glass includes: bottles, etc. General waste includes: foods, fruits peel, garden trimmings, etc.

4.8 
Characterization of Plastics
        In the last 2 decades, the plastic content in the Bio-Medical waste has increased from 10% to more than 30%. As the studies reveal plastic constitutes 12.92% of overall composition of Bio-Medical waste. Based on resin type this plastic content of waste is heterogeneous in nature. As the resin varies in the local market therefore the plastic characterization has been done as a part of total waste characterization. Based on the resin type plastic content in the Bio-Medical waste is characterized into seven categories. These six categories are given below:
1. High density polyethylene 

2. Low Density Polyethylene 
3. Polyethylene Terephthalate 

4. Poly Vinyl Chloride.

5. Polypropylene

6. Polystyrene

        In the characterization process of plastic the disinfected items belonging to particular category are picked up and are dumped separately. As mentioned above plastics are categorized into six different categories. Some of the products had resin name while some of them are in doubt about their resin name. Therefore information was gathered about their resin type. Plastics have been characterized according to following six standard categories and each product is quantified as mentioned in table 4.6
Table 4.6: Analysis of plastics

	Categories


	Product type
	Weight (kg/day)

	Polyethylene Terephthalate


	White or colorless bottles
	4.44



	High density polyethylene (HDP)


	Chemical bottles, hard plastic stuff  etc
	22.76



	Poly Vinyl Chloride (PVC)


	Tubing, gloves and plastics bags Thin plastic cover


	146.12



	Low Density Polyethylene (LDP)
	Jam, small juice containers& caps 


	7.77 


	Polypropylene (PP)


	Thermo Cole small coffee cups
	25.2

	Polystyrene


	thin plastics and packing bottoms
	8.88


         The table shows the weight of poly vinyl chloride (PVC) is 146.12 kg per day, which is 64.19% and highest of overall plastics. This part of plastic (PVC) contains chlorine and generate hydrogen chloride emissions if incinerated. Therefore, it needs care to be taken while putting the waste in the trash. If PVC is put in the yellow bag, which goes straight to incineration emission standards will go beyond the permissible limits. There could be formation of dioxins and futons.
4.9
Characterization Based On Recyclable Material in The Hospital
        In Indian market the product type decides the recyclable value of plastic, glass, metal etc. Therefore, another study is carried out on the basis of product type in components. Plastics generate the major complexity of this phase of work as some products having the same resin have different market value. The components of hospital waste with product type and their recyclable value in Indian market are shown in Table 4.7
       The table shows it clearly that a modern hospital can receive some value out of their waste management if its waste is recycled after disinfection and disfigure. Sir Ganga Ram Hospital is the only hospital in Delhi, which gets money out of their waste. The contractor is paying Rs. 48000/- to the hospital. The duties of the contractor includes collection of waste from all the sources, transportation of waste from sources to storage depot, segregation followed by disinfection (autoclaving) and disfiguring (shredding). The hospital has appointed operator for autoclave and shredder.
	S No. 
	Description


	Weight

(kg/day)
	Total wt. (kg/day)
	%
	Recycle value (Rs/kg)
	Total value (Rs)

	
	Components


	Product type


	
	
	
	
	

	1.
	Paper 
	Towel paper, newspaper, office paper etc
	106.7
	106.7
	6.06
	1.8
	1921

	2.
	Cardboard 
	Packing, etc
	94.4
	94.4
	5.36
	3.25
	307

	3.
	Glass 
	a. white bottle

b. colored bottled
	216.5

22.2
	238.7
	13.56
	1.8

1.7
	390

32

	4.
	Plastics 
	a) color pp

b) needle cap

c) tubes 

d) LDP

e) PP

f) Crystal type

g) Gloves 

h) HDP syringe part

i) Micro pipette

j) Containers

k) Black bags

l) Blue bags 

m) Mix black / blue bags

n) Syringe cut part 

o) Cups/glasses

p) Water bottles

q) Electricity items 

r) Blood/urine bags

s) Mix plastics
	10

1.7

24.4

7..8

14.4

2.2

48.9

16.6

0.8

0.8

8.9

22.2

33.3

2.8

8.8

4.4

1.10

8.5

10


	227.65
	12.92
	13

18

14

24

21

19

6

20

16

14

4

4

1.5

16.5

8.5

4

10

4

2


	

	5.
	Metals 
	a) needle, sharps, etc

b) aluminum foil 

c) metal cans/container
	4.4

15.55

13.3
	33.25
	1.9


	22

3


	343

         41

	6.
	Textile 
	Laundries, etc
	7.8
	7.8
	0.44
	
	

	7.
	General waste
	a) wards, kitchen, canteen, etc

b) garden trimming, sweeping, etc
	716.2

88.8
	805
	45.75
	
	

	8.
	Infectious waste
	Bandages, moist clothe, plastic, cotton, paper, human anatomical waste, glass, etc
	233.2
	233.2
	13.25
	
	

	9.
	Ash 
	Residue
	13.3
	13.3
	0.76
	
	


Table 4.7   Components of hospital waste with product type

 4.10 
Bio Medical Waste Management Results 
        At Sir Ganga Ram hospital, colour coding is implemented for the management of bio-medical waste. Four types of bags are used for this purpose i.e. yellow, blue, black and blue puncture proof bag. The  yellow bag directly goes to incinerator for treatment, the blue beg firstly goes to autoclaving and after that it goes to shredding for treatment, the black beg goes directly for shredding and then for final disposal ,blue puncture proof beg goes firstly for autoclaving and then shredding for its treatment. Constituents of each bag and treatment technology used for each bag are shown in table 4.8 given below:
Table 4.8 Constituents of each beg and treatment technology used for each beg.

	Co lour Code
	Yellow Bag
	Blue Bag
	Black Bag
	Blue Puncture Proof Container

	Treatment Option
	Incineration 
	Autoclaving/

Shredding
	Shredding

Disposal
	Autoclaving/

Shredding

	Waste Constituents
	Blood Soaked Cotton 

Plasters/Cats

Human And Animal

Tissues/Organs/

Parts

Discarded Medicines/

Cytotoxic Drugs Without Breaking Ampouces/Vials/

Bottles


	Tubing’s/

Catheters
Sets/Urine Bags/Gloves/

Blood Empty

Bags/Syringes

Separated From Barrel & Also Vautainers Without  Needles

Cut Into Pieces At Source Of Generation, Put In To 1% Sodium Hypochlorite Solution For At Least Half An Hour Transferred To Bag For Autoclaving And Shredding
	Paper, Card Board, Plastic Glass Bottles Metal Cans

Kitchen Waste
 (Taken Away By Municipality For Disposal)
	Broken Nozzles Of Syringes, Burnt Remains Of Hypodermic Needles/Scalpel

Lancets/Blades

All Soaked In 1% Hypochlorite Solution And Taken To Shredding Site Form Disfigurement And Final Disposal


The contents of each bag along with the treatment technology applied are as under:
4.11         ANALYSIS REPORT OF ETP
The treated waste water sample  from ETP   located at Sir Ganga Ram Hospial was collected by DPCC and the results obtained by analyzing are as shown ion table 5.2

NAME & ADDRESS OF HOSPITAL        M/S SIR GANGA RAM HOSPITAL,

                                                                            Old Rajinder Nagar,

                                                                             New delhi –110060

Sampling location                                                ETP outlet

Date of sampling                                                  06.02.08
Samples collected by                                            DPCC Lab

Control measures (if any)                                     ETP

Nature of sample                                                   Grab

Nature of industry                                                  Hospital

Parameters analyzed and results                     

Table 4.9
	Parameters
	Outlet of ETP

	pH
	7.7

	TSS
	22

	BOD( 3 Days at 27(c)
	16

	Oil and Grease
	(1.0

	Bio-Assay
	90%survival of fish after 96 hrs in 100% effluent


All parameters are in mg/l except pH value.
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