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THE HAZARDOUS MEDICAL WASTE – TREATMENT 
TECHNOLOGIES, LOCATION AND ORIGIN

Agron Alili2, Boris Krstev1, Aleksandar Krstev1, 
Goran Stamenov2, Zoran Stoilov2 

1*RFH 'HOFHY 8QLYHUVLW\� )DFXOW\ RI 1DWXUDO 	7HFKQLFDO 6FLHQFHV� 
���� 6WLS� 7KH 5HSXEOLF RI 0DFHGRQLD� ERULV�NUVWHY#XJG�HGX�PN
23K'	06F VWXGHQWV� *RFH 'HOFHY 8QLYHUVLW\� 
)DFXOW\ RI 1DWXUDO 	7HFKQLFDO 6FLHQFHV� ���� 6WLS� 
7KH 5HSXEOLF RI 0DFHGRQLD� ERULV�NUVWHY#XJG�HGX�PN

Abstract
7KH PHGLFDO ZDVWH FDWHJRUL]DWLRQ EHORQJV WR WKH JURXS RI KD]DUGRXV 

ZDVWH� 7KH PDQDJHPHQW DQG WKH WUHDWPHQW LQ PRVW FDVHV DUH LQYDOLG� 7KH 
UHVROYLQJ RI WKHVH ZDVWHV VKRXOG EH HIIHFWLYHO\ DQG HFRQRPLFDOO\ DQG UHTXLUHV 
VSHFLDO IXQFWLRQDO V\VWHPV RU VFHQDULR� ,W·V D FKDOOHQJH IRU WKH FRXQWULHV LQ 
WKH GHYHORSPHQW� VLPLODU WR RXU FRXQWU\� 7KH HVWDEOLVKPHQW RI WKH V\VWHP 
OLNH WKH LQWHJUDWHG PDQDJHPHQW RI PHGLFDO ZDVWHV KDV RFFXUUHG DQG ORRNHG 
IRU FOHDU LQIRUPDWLRQ DQG HGXFDWLRQ IRU SHRSOH� $OVR� WKHUH LV WKH GHPDQG IRU 
SURSHU WUHDWPHQW DQG KDQGOLQJ� WRJHWKHU ZLWK QHFHVVDU\ WR VWUHQJWKHQ WKH ORFDO 
OHJLVODWLRQ LQ WHUPV RI LWV FRPSOHWH LPSOHPHQWDWLRQ�

Keywords: Medical waste, incineration, autoclave.

Ǥреȗледен труд8'&� �������
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Апстракт
ǟатеȗоризациȆа на Ƞедицинȥкиот отпад ȥпаǺа во ȗрупата на опаȥен 

отпад� Управуваȅето и третȠанот во повеȋето ȥлучаи ȥе невалидни� 
ǥеȬаваȅето на овие отпади треȕа да ȕиде еȨективно и еконоȠично и ȕара 
поȥеȕни Ȩункционални ȥиȥтеȠи или ȥценарио� ǧоа е предизвик за зеȠȆите 
во развоȆ� ȥлична на наȬата зеȠȆа� Ǘоȥпоȥтавуваȅе на ȥиȥтеȠ� како Ȭто 
е интеȗрирано управуваȅе ȥо Ƞедицинȥки отпад� ȥе поȆавува и ȕара Ȇаȥно 
инȨорȠираȅе и едукациȆа на луǺето� ǝȥто така� поȥтои поȕарувачка за 
ȥоодветно поȥтапуваȅе и управуваȅе� заедно ȥо потреȕни за заȆакнуваȅе 
на доȠаȬната реȗулатива во поȗлед на неȗовата целоȥна иȠплеȠентациȆа� 

Клучни зборови: медицински отпад, инценерација, автоклав. 

INTRODUCTION
+D]DUGRXV PHGLFDO ZDVWH PD\ EH JHQHUDWHG LQ� KRVSLWDOV� FOLQLFV� VXUJLFDO� 

GHQWDO KRVSLWDOV� YHWHULQDU\ FHQWHUV� ODUJHU IDUPV� IDFWRULHV ZLWK GDQJHURXV 
PDFKLQHU\ DQG SURFHVVHV� VSRUWLQJ FOXEV� EDUUDFNV� SROLFH VWDWLRQV� XQLYHUVLWLHV� 
UHVHDUFK FHQWHUV WKDW ZRUN ZLWK DQLPDOV RU SKDUPDFHXWLFDO PHDQV DQG IDFWRULHV 
WKDW SURGXFH PHGLFDO PDWHULDOV� ,Q WKH 5HSXEOLF RI 0DFHGRQLD WKHUH LV QR VSHFLDO 
ZD\ RI FROOHFWLRQ DQG GLVSRVDO RI PHGLFDO ZDVWH� &XUUHQWO\� WKH H[SORLWDWLRQ DUH 
RQO\ WZR IXUQDFHV IRU WKH LQFLQHUDWLRQ RI PHGLFDO ZDVWH LQ� 0LOLWDU\ +RVSLWDO LQ 
6NRSMH 0XQLFLSDOLW\ ZLWK D FDSDFLW\ RI ��� WRQV � \HDU LQ 'ULVOD ZLWK D FDSDFLW\ 
RI ���� WRQV � \HDU� 7KH UHPDLQLQJ PHGLFDO ZDVWH LQ 0DFHGRQLD DUH GHOD\HG 
DORQJ ZLWK RWKHU ZDVWH�
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Types of Medical Waste
7KHUH DUH IHZ W\SHV RI PHGLFDO ZDVWH DV IROORZLQJ� +XPDQ EORRG DQG 

EORRGV SURGXFWV� &XOWXUHV DQG VWRFNV RI LQIHFWLRXV DJHQWV� 3DWKRORJLFDO ZDVWH� 
6KDUSV� *ODVVZDUH� &RQWDPLQDWHG HTXLSPHQW HWF� +XPDQ EORRGV DQG EORRG 
SURGXFWV DUH FODVVLÀHG DQG PDQDJHG DV PHGLFDO ZDVWH EHFDXVH RI WKH SRVVLEOH 
SUHVHQFH RI LQIHFWLRXV DJHQWV WKDW FDXVH EORRG�ERUQH GLVHDVH� :DVWHUV RI WKLV 
FDWHJRU\ LQFOXGH EXON EORRG DQG EORRG SURGXFWV DV ZHOO DV VPDOOHU TXDQWLWLHV 
RI EORRG VDPSOHV GUDZQ IRU WHVWLQJ RU UHVHDUFK�>�@�>�@ &XOWXUHV DQG VWRFNV 
RI KXPDQ LQIHFWLRXV DJHQWV� UHJDUGOHVV RI VWRUDJH PHWKRG� PXVW EH PDQDJHG 
DV PHGLFDO ZDVWH� $QLPDO SDWKRORJLFDO ZDVWHV DUH WKH PHGLFDO ZDVWHV LI WKH 
DQLPDO KDV EHHQ LQWHQWLRQDOO\ H[SRVHG WR D KXPDQ LQIHFWLRQV DJHQW LW LV FDSDEOH 
RI WUDQVPLWWLQJ WKH GLVHDVH EDFN WR D KXPDQ� $OO W\SHV RI K\SRGHUPLF QHHGOHV 
DQG V\ULQJHV� LQWHUYHQRXV QHHGOHV DQG WXELQJ� VFDOSHO EODGHV� ODQFHV DQG RWKHU 
VXFK GHYLFHV DUH UHJXODWHG DV PHGLFDO ZDVWH� $OO VKDUSV PXVW EH SODFHG LQ DQ 
DSSURYHG VKDUSV FRQWDLQHU� *ODVVZDUH LQFOXGHV SLSHWWHV� FDSLOODU\ WXEHV� WHVW 
WXEHV� VWLU URGV� DQG RWKHU ODERUDWRU\ HTXLSPHQW� %URNHQ JODVVZDUH VKRXOG 
EH SODFHG LQWR D FRQWDLQHU GHVLJQHG IRU VXFK PDWHULDOV DQG HLWKHU UHF\FOHG RU 
GLVSRVHG� &RQWDPLQDWHG HTXLSPHQW LQFOXGHV DQ\ HTXLSPHQW QRW PHQWLRQHG 
DERYH ZKLFK PD\ FRPH LQWR FRQWDFW ZLWK KXPDQ LQIHFWLRXV DJHQWV�>�@

7KH VKDUSV FRQWDLQHU PXVW EH UHG LQ FRORU DQG GLVSOD\ WKH ,QWHUQDWLRQDO 
%LRKD]DUG 6\PERO RU RQH RI WKH IROORZLQJ SKUDVHV� 0HGLFDO ZDVWH� ,QIHFWLRXV� 
,QIHFWLRXV ZDVWH RU %LRKD]DUGRXV� 

Medical waste incineration or Autoclave waste treatment
7KH UHDOLW\ LV WKDW LQFLQHUDWRUV GRQ·W HOLPLQDWH WR[LF VXEVWDQFHV� WKH\ 

FRQFHQWUDWH WKHP� VD\LQJ IRU WKLV RQH WR[LFV LQ�WR[LFV RXW� 7KH KHDY\ PHWDOV� 
PHUFXU\� OHDG DQG FDGPLXP� GRQ·W MXVW GLVDSSHDU� WKH\ DUH EDVLF HOHPHQWV QRW 
GHVWUR\HG E\ EXUQLQJ DQG DUH VWLOO SUHVHQW DIWHU LQFLQHUDWLRQ� RQO\ FRQFHQWUDWHG 
LQ WKH DVK DQG UHOHDVHG WR WKH DLU IURP WKH VWDFN� 2I DOO WKH WUDVK WKDW HQWHUV WKH 
LQFLQHUDWRU� ��� UHPDLQV DV DVK DW WKH HQG RI WKH SURFHVV� +HUH� WKHUH LV D JUHDW 
GHDO RI WR[LF DVK ZKLFK LV HDV\ WR VHH� $QRWKHU SULPDU\ KD]DUG ZLWK LQFLQHUDWLRQ 
LV WKH WR[LF FKHPLFDOV LQ WKH HPLVVLRQV OHDYLQJ WKH VWDFN� $FFRUGLQJ WR WKH (3$� 
PHGLFDO ZDVWH LV WKH WKLUG OHDGLQJ VRXUFH RI GLR[LQ DQG IRUWK OHDGLQJ VRXUFH RI 
PHUFXU\ HPLVVLRQV LQ 86$�

$XWRFODYHV XVHG IRU WKH WUHDWPHQW RI PHGLFDO ZDVWH PXVW EH RSHUDWHG 
LQ DFFRUGDQFH ZLWK PHGLFDO ZDVWH UHJXODWLRQV� 6WHDP VWHULOL]HUV KDYH WR EH 
HTXLSSHG WR FRQWLQXRXVO\ PRQLWRU DQG UHFRUG WHPSHUDWXUH DQG SUHVVXUH GXULQJ 
WKH HQWLUH OHQJWK RI HDFK F\FOH� 7KHVH RQHV QRW VR HTXLSSHG VKDOO KDYH DIÀ[HG 
D WHPSHUDWXUH VHQVLWLYH WDSH WR HDFK EDJ RU FRQWDLQHU RI PHGLFDO ZDVWH� (DFK 
RQH VKDOO EH H[SRVHG WR D PLQLPXP WHPSHUDWXUH RI ��� GHJUHHV )DKUHQKHLW 
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DQG DW OHDVW �� SRXQGV RI SUHVVXUH IRU �� PLQXWHV� (DFK VWHULOL]HU VKDOO EH 
HYDOXDWHG IRU HIIHFWLYHQHVV XQGHU IXOO ORDGLQJ E\ DQ DSSURYHG PHWKRG DW 
OHDVW RQFH IRU HDFK �� KRXUV RI FRPELQHG RSHUDWLRQ� $ ZULWWHQ ORJ RU RWKHU 
PHDQV RI GRFXPHQWDWLRQ VKDOO EH PDLQWDLQHG IRU HDFK VWHDP VWHULOL]DWLRQ XQLW 
DQG VKDOO FRQWDLQ WKH IROORZLQJ� 7KH GDWH� WLPH� DQG RSHUDWRU IRU HDFK F\FOH� 
$SSUR[LPDWH ZHLJKW RU YROXPH RI PHGLFDO ZDVWH WUHDWHG GXULQJ HDFK F\FOH� 7KH 
WHPSHUDWXUH DQG SUHVVXUH PDLQWDLQHG GXULQJ HDFK F\FOH� 0HWKRG XWLOL]HG IRU 
FRQÀUPDWLRQ RI WHPSHUDWXUH DQG SUHVVXUH� DQG 'DWHV DQG UHVXOWV RI FDOLEUDWLRQ 
DQG PDLQWHQDQFH� 6WHULOL]HUV XWLOL]HG IRU ZDVWH WUHDWPHQW VKDOO QRW EH XWLOL]HG 
IRU VWHULOL]DWLRQ RI HTXLSPHQW� IRRG RU RWKHU UHODWHG LWHPV�>�@

$XWRFODYHV GLIIHU IURP PRVW RWKHU PHGLFDO ZDVWH WUHDWPHQW V\VWHPV IRU 
WZR UHDVRQV� New pollutants are not formed in the process (due to lower 
operating temperatures),No toxic or reactive chemicals are used in the 
treatment process.

7KDW PHDQV WKDW pollutants released from autoclaving are the same ones 
that enter the autoclave in the medical waste. 7KLV LV WKH IXQGDPHQWDO UHDVRQ 
ZK\ SURSHU ZDVWH VHJUHJDWLRQ – SDUWLFXODUO\ WR DYRLG SODFLQJ KD]DUGRXV RU 
UDGLRDFWLYH PDWHULDOV LQ UHG EDJV LV HVVHQWLDO WR VDIH DXWRFODYH RSHUDWLRQ�>�@

Domestic scenarios for medical waste treatment
7KH DQDO\VLV PDGH LQ ORW RI LQYHVWLJDWLRQV IRU WKH PHGLFDO ZDVWH LQ RXU 

FRXQWU\ ZLOO VKRZ WKUHH SRVVLEOH VFHQDULRV IRU DXWRFODYH ZDVWH WUHDWPHQW� EXW 
VFHQDULR � �GHFHQWUDOL]HG V\VWHP ZLWK DXWRFODYHV� JHQHUDOO\ LV PRVW DFFHSWDEOH 
GHFLVLRQ IRU HVWDEOLVKLQJ RI QHZ PDQDJHPHQW V\VWHP IRU PHGLFDO ZDVWH E\ WKH 
QDWLRQDO OHYHO� 6KRUWO\� WKH DQDO\VLV UHVXOWV KDYH VKRZHG IROORZLQJ SRLQWV� 7KH 
PDQDJHPHQW V\VWHP RI WKH PHGLFDO ZDVWH ZLOO IXQFWLRQHG ZLWK HVWDEOLVKLQJ 
RI WKUHH DXWRFODYHV� RQH RI WKHP LQ 6NRSMH �ODUJHU RQH� ZLOO FRYHU WKH 6NRSMH 
DUHD� QRUWK�ZHVWHUQ DQG QRUWK�HDVWHUQ SDUW RI WKH FRXQWU\ ORFDWHG LQ WKH &OLQLFDO 
FHQWUH� RQH RI WKHP LQ %LWROD �VPDOOHU RQH� LQ WKH *HQHUDO +RVSLWDO ZKLFK ZLOO 
FRYHU WKH VRXWK DQG VRXWK�ZHVWHUQ SDUW RI WKH FRXQWU\� DQG ÀQDOO\ WKH RQH RI 
WKHP LQ 6WLS  �VPDOOHU RQH� ZKLFK ZLOO FRYHU FHQWUDO� VRXWK�HDVWHUQ DQG VRXWK 
SDUW RI 0DFHGRQLD� ,QVWDOOHG FDSDFLW\ RI WKH SURSRVHG V\VWHP LV ���� WRQV�
\HDU ZKLFK LV ELJJHU IRU ��� WKDQ PHGLFDO ZDVWH TXDQWLW\ LQ WKH PRPHQW� 7KLV 
PDUJLQ RU OLPLW ZLOO HQVXUH V\VWHP IXQFWLRQDOLW\ LQ WKH IXWXUH� VSHFLDOO\ LQ WKH 
FDVHV RI WKH LQFUHDVHG TXDQWLW\ RI WKH PHGLFDO ZDVWH� 3URMHFWHG�SURSRVHG V\VWHP 
LV ÀQDQFLDO VXVWDLQDEOH DQG WKH OHYHO RI WKH WD[LV ZLOO QRW EH VLJQLÀFDQWO\ KLJKHU� 
7KH PDLQWHQDQFH RI WKH FROOHFWLRQ ZLOO EH RQ WKH KLJK OHYHO �������

7KH XVHUV VDWLVIDFWLRQ LV D NH\ HOHPHQW IRU WKH V\VWHP VXFFHVV DQG 
SURIHVVLRQDOO\ DQG V\VWHP HIÀFLHQF\ ZLOO HQVXUH EHQHÀW DQG FRQÀGHQFH IURP 
WKH V\VWHP� 7KH ÀQDQFH RI WKH V\VWHP PRGHO KDV WR EH FDUHIXOO\ FKRRVH� 
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FRQWHPSRUDU\ VHHLQJ WKH SRVVLELOLW\ RI WKH JUDQWV RU VHOI�ÀQDQFLQJ PL[WXUHV� 
7KHVH SURMHFWV IURP WKH ÀHOG RI WKH (QYLURQPHQW DQG +D]DUGRXV :DVWH 
0DQDJHPHQW� WKH VRFLR�HFRQRPLF DQDO\VLV KDYH WR YLHZ WKH TXHVWLRQV IRU WKH 
W\SH RI� 7KH GHFUHDVHG FRVWV RI KHDOWK VHUYLFHV� 7KH GHFUHDVHG URXWH RI LOOQHVV 
DQG GHDWK UHVXOWLQJ WR WKH LQFUHDVHG K\JLHQH DQG VDQLWDWLRQ FRQGLWLRQV� 7KH 
DFTXLVLWLRQV RI WKH GHFUHDVHG SROOXWLRQ�GDPDJH RI WKH VRLO� XQGHUJURXQG ZDWHU 
DQG ODQG�

7KH QHZ LQYHVWPHQWV RI WKH REMHFWV IRU PHGLFDO ZDVWH WUHDWPHQW LQ WKH 
5HSXEOLF RI 0DFHGRQLD ZLOO OHDG WR SRVLWLYH DVSHFWV ZKLFK ZLOO LPSURYH WKH 
HQYLURQPHQW TXDOLW\ DQG WKH SHRSOH KHDOWK� 7KH PRGHUQL]DWLRQ ZLOO FRQWULEXWH 
IRU WKH EHWWHU OLIH ZLWK VXVSHQVLRQ RI WKH KHDOWK ULVNV DFFRUGLQJ WR WKH SRWHQWLDO 
LQIHFWLRXV ZDVWH� 7KH SURSRVHG V\VWHP RI WKH PHGLFDO ZDVWH PDQDJHPHQW ZLOO 
KDYH ORFDO HFRQRPLF DFTXLVLWLRQV� *HQHUDOO\� WKH SURMHFWV IURP WKLV VHFWRU 
SURPRWH ORFDO GHYHORSPHQW HQVXULQJ GLUHFW VHUYLFHV IRU WKH RSHUDWLRQ DFWLYLWLHV 
DQG WKHLU DLP LV WR VDWLVI\ PRUH VSUHDG QHHGV RI WKH ORFDO LQKDELWDQWV� 2Q WKH RWKHU 
KDQG� LPSURYHPHQW RI WKH HQYLURQPHQWDO VWDQGDUGV ZLOO HQVXUH V\VWHPDWLFDO 
DQG ÀQDO GHFLVLRQ IRU PHGLFDO ZDVWH WUHDWPHQW� 7KH GLVSRVHG WUHDWHG ZDVWH 
RQ WKH GLVSRVDO �QRQKD]DUGRXV PHGLFDO ZDVWH DIWHU DXWRFODYH WUHDWPHQW� DW WKH 
XVXDO GLVSRVDO IRU WKH PXQLFLSDOLW\ ZDVWH ZLOO QRW EH IXWXUH GDQJHU IRU WKH 
HQYLURQPHQW� 7KH JHQHUDO LPSURYHPHQW RI WKH KHDOWK DQG VDQLWDWLRQ FRQGLWLRQV 
ZLWK WKH QHZ PHGLFDO ZDVWH PDQDJHPHQW ZLOO GHFUHDVH WKH ULVN RI VSUHDGLQJ 
LQIHFWLRQV�

Figure 1. 7KH YLHZ RI SRVVLEOH SURGXFWLRQ RI PHGLFDO ZDVWH
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Conclusion
7KH DQDO\VLV PDGH LQ ORW RI LQYHVWLJDWLRQV IRU WKH PHGLFDO ZDVWH LQ RXU 

FRXQWU\ ZLOO VKRZ WKUHH SRVVLEOH VFHQDULRV IRU DXWRFODYH ZDVWH WUHDWPHQW� EXW 
VFHQDULR � �GHFHQWUDOL]HG V\VWHP ZLWK DXWRFODYHV� JHQHUDOO\ LV PRVW DFFHSWDEOH 
GHFLVLRQ IRU HVWDEOLVKLQJ RI QHZ PDQDJHPHQW V\VWHP IRU PHGLFDO ZDVWH E\ 
WKH QDWLRQDO OHYHO� 7KH QHZ LQYHVWPHQWV RI WKH REMHFWV IRU PHGLFDO ZDVWH 
WUHDWPHQW LQ WKH 5HSXEOLF RI 0DFHGRQLD ZLOO OHDG WR SRVLWLYH DVSHFWV ZKLFK ZLOO 
LPSURYH WKH HQYLURQPHQW TXDOLW\ DQG WKH SHRSOH KHDOWK� 7KH PRGHUQL]DWLRQ 
ZLOO FRQWULEXWH IRU WKH EHWWHU OLIH ZLWK VXVSHQVLRQ RI WKH KHDOWK ULVNV DFFRUGLQJ 
WR WKH SRWHQWLDO LQIHFWLRXV ZDVWH� 7KH SURSRVHG V\VWHP RI WKH PHGLFDO ZDVWH 
PDQDJHPHQW ZLOO KDYH ORFDO HFRQRPLF DFTXLVLWLRQV�
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