
¶�­��®ª²³¢­ª·°¤¢�
´¥³ª��´ÂÚÌÇÏÔÓÌÊË�ÅÐÓÕÆÂÒÓÔÄÇÏÏÝË�ÓÔÐÎÂÔÐÍÐÅÊÙÇÓÌÊË�ÊÏÓÔÊÔÕÔ��

®ÊÏÉÆÒÂÄÂ�²ÇÓÑÕÃÍÊÌÊ�µÉÃÇÌÊÓÔÂÏ��Å��´ÂÚÌÇÏÔ�

)�/��0,56$/,.+29$

²ÇÉàÎÇ
¸ÇÍÞà�ÆÂÏÏÐË�ÒÂÃÐÔÝ�ÃÝÍÐ�ÊÉÕÙÇÏÊÇ�ßÖÖÇÌÔÊÄÏÐÓÔÊ�ÎÊÏÊÎÂÍÞÏÐ�ÊÏÄÂÉÊÄÏÐÅÐ�ÎÇÔÐÆÂ�ÍÇÙÇÏÊá�

ÌÂÒÊÇÓÂ�ÑÐÓÔÐáÏÏÝ×�ÉÕÃÐÄ�Ó�ÏÇÓÖÐÒÎÊÒÐÄÂÏÏÝÎÊ�ÌÐÒÏáÎÊ��ªÓÓÍÇÆÐÄÂÍÊ����ÆÇÔÇË�Ä�ÄÐÉÒÂÓÔÇ������
ÍÇÔ�ÚÌÐÍÝ�1���Å��´ÂÚÌÇÏÔÂ��ªÓÓÍÇÆÕÇÎÝÇ�ÒÂÉÆÇÍÇÏÝ�ÏÂ�ÆÄÇ�ÅÒÕÑÑÝ��¤���Ë�ÅÒÕÑÑÇ�ÑÒÐÄÇÆÇÏÐ�ÍÇÙÇÏÊÇ�
ÌÂÒÊÇÓÂ�ÉÕÃÐÄ�ÏÂ�ÑÒÊÎÇÒÇ�ÑÇÒÄÐÅÐ�ÑÐÓÔÐáÏÏÐÅÐ�ÎÐÍáÒÂ� ��±®��ÎÊÏÊÎÂÍÞÏÐ�ÊÏÄÂÉÊÄÏÝÎ�ÎÇÔÐÆÐÎ��
Ó�ÑÐÓÍÇÆÕàÛÊÎ�ÑÍÐÎÃÊÒÐÄÂÏÊÇÎ�³ª¸��¢ÒÅÊÐÏ�ÎÐÍáÒ�¢¸�������ÑÍÐÎÃÝ���¤Ð���Ë�ÅÒÕÑÑÇ�ÑÒÐÄÇÆÇÏÐ�
ÍÇÙÇÏÊÇ�ÌÂÒÊÇÓÂ��±®�ÔÒÂÆÊØÊÐÏÏÝÎ�ÎÇÔÐÆÐÎ�ÑÒÇÑÂÒÊÒÐÄÂÏÊá�ÑÐ�£ÍßÌÕ�Ê�ÑÍÐÎÃÊÒÐÄÂÏÊÇ�ÌÂÒÊÐÉ�
ÏÐË�ÑÐÍÐÓÔÊ�ÓÊÍÊÌÐÖÐÓÖÂÔÏÝÎ�ØÇÎÇÏÔÐÎ��£ÇÍÐØÊÏ�������ÑÍÐÎÃ���­ÇÙÇÏÊÇ�ÎÊÏÊÎÂÍÞÏÐ�ÊÏÄÂÉÊÄÏÝÎ�
ÎÇÔÐÆÐÎ�ÑÒÐÄÐÆÊÍÊ�ÑÐßÔÂÑÏÐ�ÑÐÆ�ÌÐÏÔÒÐÍÇÎ�ÌÂÒÊÇÓ�ÆÇÔÇÌÔÐÒÂ������ÒÂÓÔÄÐÒÐÎ�ÖÕÌÓÊÏÂ��±ÒÊ�ßÔÐÎ�
ÐÌÒÂÚÊÄÂÍÊÓÞ�ÔÐÍÞÌÐ�ÑÂÔÐÍÐÅÊÙÇÓÌÊ�ÊÉÎÇÏÇÏÏÝÇ�ÄÇÒ×ÏÊÇ�ÓÍÐÊ�ÆÇÏÔÊÏÂ��ÌÐÔÐÒÝÇ�ÔÛÂÔÇÍÞÏÐ�ÕÆÂÍáÍÊÓÞ�
ÆÐ�ÑÍÐÔÏÐÅÐ�ÓÄÇÔÍÐÅÐ�ÓÍÐá��¯ÇÌÒÐÔÐÎÊá�ÑÐ�ÏÇÐÃ×ÐÆÊÎÐÓÔÊ�ÑÐÄÔÐÒáÍÂÓÞ�ÏÇÓÌÐÍÞÌÐ�ÒÂÉ�ÆÐ�ÕÆÂÍÇÏÊá�
ÄÓÇ×�ÐÌÒÂÚÇÏÏÝ×�ÕÙÂÓÔÌÐÄ��³ÒÂÄÏÊÔÇÍÞÏÐÇ�ÊÓÓÍÇÆÐÄÂÏÊÇ�ÄÝáÄÊÍÐ�ÉÏÂÙÊÔÇÍÞÏÕà�ßÖÖÇÌÔÊÄÏÐÓÔÞ�ÎÊ�
ÏÊÎÂÍÞÏÐ�ÊÏÄÂÉÊÄÏÐÅÐ�ÎÇÔÐÆÂ�ÏÂÆ�ÔÒÂÆÊØÊÐÏÏÝÎ��´ÂÌ��ÕÈÇ�ÙÇÒÇÉ�ÚÇÓÔÞ�ÎÇÓáØÇÄ�ÑÐÓÍÇ�ÍÇÙÇÏÊá�ÔÒÂÆÊ�
ØÊÐÏÏÝÎ�ÎÇÔÐÆÐÎ�Ê�ÎÊÏÊÎÂÍÞÏÐ�ÊÏÄÂÉÊÄÏÝÎ�ÎÇÔÐÆÐÎ�ÑÒÇÑÂÒÊÒÐÄÂÏÊá�Ê�ÑÍÐÎÃÊÒÐÄÂÏÊá�ÒÇÉÕÍÞÔÂÔÝ�
ÐÔÍÊÙÂÍÊÓÞ�ÑÐ�ÔÒÇÎ�ÊÉÕÙÂÇÎÝÎ�ÌÒÊÔÇÒÊáÎ��¯Â�ÑÇÒÄÐÎ�ÎÇÓÔÇ�ÏÂÃÍàÆÂÍÐÓÞ�ÒÂÉÄÊÔÊÇ�ÄÔÐÒÊÙÏÐÅÐ�ÌÂÒÊ�
ÇÓÂ��������������ÑÒÐÔÊÄ������������Ä���Ë�ÅÒÕÑÑÇ��ÏÂ�ÄÔÐÒÐÎ�x�ÏÂÒÕÚÇÏÊÇ�ÌÒÂÇÄÐÅÐ�ÑÒÊÍÇÅÂÏÊá�ÑÍÐÎÃÝ�
�������������Ê�������������Ê�ÏÂÒÕÚÇÏÊÇ�ÂÏÂÔÐÎÊÙÇÓÌÐË�ÖÐÒÎÝ�ÑÍÐÎÃ�������������ÑÒÐÔÊÄ��������������
´ÂÌÊÎ�ÐÃÒÂÉÐÎ��ÓÒÂÄÏÊÔÇÍÞÏÂá�ÐØÇÏÌÂ�ÎÇÔÐÆÐÄ�ÍÇÙÇÏÊá�Ê�ÑÍÐÎÃÊÒÐÄÂÏÊá�ÑÒÊ�ÍÇÙÇÏÊÊ�ÌÂÒÊÇÓÂ��±®�Ä�
ÑÇÒÊÐÆ�ÖÐÒÎÊÒÐÄÂÏÊá�ÌÐÒÏá�ÉÕÃÂ�Ê�ÏÇÉÂÄÇÒÚÇÏÏÐÓÔÊ�ÎÊÏÇÒÂÍÊÉÂØÊÇË�ÔÄÇÒÆÝ×�ÔÌÂÏÇË�ÉÕÃÐÄ�ÑÐÌÂÉÂÍÂ�
ÆÐÓÔÂÔÐÙÏÐ�ÄÝÓÐÌÕà�ÌÍÊÏÊÙÇÓÌÕà�ßÖÖÇÌÔÊÄÏÐÓÔÞ�ÎÊÏÊÎÂÍÞÏÐ�ÊÏÄÂÉÊÄÏÐÅÐ�ÎÇÔÐÆÂ�ÑÒÇÑÂÒÊÒÐÄÂÏÊá�
Ó�ÑÒÊÎÇÏÇÏÊÇÎ�³ª¸��¢ÒÅÊÐÏ�®ÐÍáÒ�¢¸��ÑÐ�ÓÒÂÄÏÇÏÊà�Ó�ÔÒÂÆÊØÊÐÏÏÝÎ�ÎÇÔÐÆÐÎ�Ê�ÊÓÑÐÍÞÉÐÄÂÏÊÇÎ�
ÓÊÍÊÌÐÖÐÓÖÂÔÏÐÅÐ�ØÇÎÇÏÔÂ��£ÇÍÐØÊÏ��

¬ÍàÙÇÄÝÇ�ÓÍÐÄÂ��ÍÇÙÇÏÊÇ�ÌÂÒÊÇÓÂ��ÆÇÔÊ��ÎÇÔÐÆ�ÎÊÌÒÐÑÒÇÑÂÒÊÒÐÄÂÏÊá��ÎÊÏÊÎÂÍÞÏÐ�ÊÏÄÂÉÊÄÏÝË�
ÎÇÔÐÆ��

$EVWUDFW
7KH DLP RI WKLV ZRUN ZDV WR VWXG\ WKH HIIHFWLYHQHVV RI D PLQLPDOO\ LQYDVLYH PHWKRG RI FDULHV WUHDWPHQW RI

SHUPDQHQW WHHWK��ZLWK XQIRUPHG URRWV��$ VWXG\ ZDV PDGH WKURXJK����FKLOGUHQ DJHG������\HDUV RI VFKRRO 1R
���LQ 7DVKNHQW��7KH VXEMHFWV DUH GLYLGHG LQWR���JURXSV��,Q���JURXS��WUHDWPHQW RI GHQWDO FDULHV ZLWK WKH H[�
DPSOH RI���SHUPDQHQW PRODU���30��ZDV FDUULHG RXW E\ PLQLPDOO\ LQYDVLYH PHWKRG��IROORZHG E\ ILOOLQJ RI WKH
�$UJLRQ PRODU $&�������ILOOLQJV���,Q WKH VHFRQG��FDULHV WUHDWPHQW���30��ZDV FDUULHG RXW XVLQJ WKH WUDGLWLRQDO
PHWKRG RI %ODFN SUHSDUDWLRQ DQG VHDOLQJ RI FDULRXV FDYLW\ ZLWK VLOLFRSKRVSKDWH FHPHQW��%HORWVLQ�������VHDOV���
7UHDWPHQW ZLWK D PLQLPDOO\ LQYDVLYH PHWKRG ZDV FDUULHG RXW VWHS E\ VWHS XQGHU WKH FRQWURO RI WKH FDULHV
RI WKH GHWHFWRU ZLWK D������VROXWLRQ RI IXFKVLQ��,Q WKLV FDVH��RQO\ WKH SDWKRORJLFDOO\ DOWHUHG XSSHU OD\HUV RI
GHQWLQH ZHUH VWDLQHG��ZKLFK ZDV FDUHIXOO\ UHPRYHG WR D GHQVH OLJKW OD\HU��1HFURWRP\ ZDV UHSHDWHG VHYHUDO
WLPHV XQWLO DOO WKH FRORUHG DUHDV ZHUH UHPRYHG��$ FRPSDUDWLYH VWXG\ UHYHDOHG D VLJQLILFDQW HIIHFWLYHQHVV RI
WKH PLQLPDOO\ LQYDVLYH PHWKRG RYHU WKH WUDGLWLRQDO RQH��6R��ZLWK WKH WUDGLWLRQDO PHWKRG RI WUHDWPHQW��DIWHU
��PRQWKV��WKH\ ZHUH QRWHG DIWHU ILOOLQJ XS WKH WKUHH FULWHULD VWXGLHG��,Q WKH ILUVW SODFH��WKH GHYHORSPHQW RI
VHFRQGDU\ FDULHV LV��������������LQ FRQWUDVW WR�������������RQ WKH VHFRQG�y�WKH YLRODWLRQ RI WKH PDUJLQDO ILW



RI WKH VHDO�������������LQ JURXS���y������������DQG WKH YLRODWLRQ RI WKH DQDWRPLFDO IRUP RI WKH VHDO��������
�����YV��������������7KXV��D FRPSDUDWLYH DVVHVVPHQW RI WKH PHWKRGV RI WUHDWPHQW DQG VHDOLQJ LQ WKH WUHDWPHQW
RI FDULHV��30 GXULQJ WKH IRUPDWLRQ RI WKH URRW RI WKH WRRWK DQG WKH LQFRPSOHWHQHVV RI WKH PLQHUDOL]DWLRQ RI
KDUG WLVVXHV RI WKH WHHWK VKRZHG D VXIILFLHQWO\ KLJK FOLQLFDO HIILFLHQF\ RI WKH PLQLPDOO\ LQYDVLYH PHWKRG RI
SUHSDUDWLRQ ZLWK WKH XVH RI 6,&��$UJLRQ 0RODU $&��LQ FRPSDULVRQ ZLWK WKH WUDGLWLRQDO PHWKRG DQG WKH XVH RI
VLOLFRSKRVSKDWH FHPHQW��%HORWVLQ��
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<^e^ghoZ C ; MaZ[Zgho L ; H^hlehsag^ggrc

dZkb^l f^mh]r e^\a^gbcZ b MmhfZ'
mheh`bcZ ]^mldh`h ohskZlmZ b N CR

M
? B

'
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Tane^o ? B Ehlcn`Z M Dn Ehe^lhoZ I P ?_'
_^dmboghlm! ^dsh`^gghc e^dZklmo^gghc

dZkb^lZ n ]^m^c o i^kbh] l_hkfbkhoZggh`h ok̂ f^g'
gh`h ikbdnlZ MmhfZmheh`bcZ ]^mldh`h ohskZlmZ b

M

GZngm A MmhfZmheh`bcZ fbgbfZe!gh`h
of^laZm^e!lmoZ Mhok̂ f^ggZcZ >^gm ;km

M

'
'

GblanmbgZ I F Jkbf^g^gb^ `b[kb]gh`h lm^d'
ehbhghf^kgh`h \^f^gmZ o ]^mldhc lmhfZmheh`bb
MmhfZmheh`bcZ ]^mldh`h ohskZlmZ b

M

'
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CCC
@ZmmZe! L E MkZogbm^e!gZcZ debgb\a^ldZcZ ^__^d'

mboghlm! f^mh]ho `en[hdh`h _mhkbkhoZgbcZ b o
e^\a^gbb gZ\aZe!gh`h dZkb^lZ sn[ho MmhfZmheh`bcZ
]^mldh`h ohskZlmZ b N CCC

M

'

=an^o P P LZ\abmldbc A C ;e!';eZobg M P
Mf^mZgcZd M G N̂ agheh`bcZ la aZ]cZla a^c ih]'
`hmhodb ]^gmbgZ MmhfZmheh`

Dn]bgZ H ; GbgbfZe!gh bgoZsbogr^
of^laZm^e!lmoZ o lmhfZmheh`bb lmkZm^`bb b m^agheh`bb
Mhok̂ f^ggZcZ lmhfZmheh`bcZ M

;ahong'MZehkZgmZ; Jbm Zg]@bllnk̂ l^ZeZgml
_hk ik̂ o^gmbg` ]^gmZe ]^\Zr bg ma^ i^kfZg^gm m^^ma
h_ \abe]k̂ g Zg] Z]hm^l\^gml =h\akZg^ >Zm^[Zl^
Mrlm L^o

;nmhfZmb\ k̂ lmhkZmbo^ mk̂ Zmf^gm Zkm kZmbh'
gZe^ m^\agbjn^ Zg] ]^ohehif^gm D Jn[ B^Zema
>^gm Mi^\bZe Clln^

<nkd^ @ D @khf ^qm^glbhg _hk ik̂ o^gmbhg mh
ik̂ o^gmbhg h_ ^qm^glbhg fbgbfZe bgm^ko^gmbhg ]^g'
mblmkr >^gm Oi]Zm^
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