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Abstract 

The economical loss from stored product pests and their resistance to phosphine and methyl bromide, 
necessitate replacing these chemicals with other compounds. The toxicity of ozone was evaluated on two 
important stored product insects, Sitophilus oryzae L. and Oryzaephilus surinamensis (L.). The insects were 
exposed to ozone in separate date, wheat and rice storehouses at the depths of 30, 40, 45 and 100 cm. The 
mortality was determined after 24 h of exposure. The results demonstrated a lower mortality caused by ozone in 
date compared to wheat and rice on S. oryzae and O. surinamensis. Treatments with ozone under different depths 
led to different levels of mortalities, but at 100 cm, mortality for both species were significant. Calculated omega 
square (2) values showed that this criterion (2) for the depth of the foodstuff (0.05) is more than the 
corresponding value (0.004). Therefore, depth of the foodstuff was more effective than the type of foodstuff on 
the pests� mortalities. The relative median potency tests revealed higher LC50 values of ozone for S. oryzae and O. 
surinamensis in date comparing to the LC50values for wheat and rice at a depth of 100 cm.  
Keywords: stored-product pests, ozone, toxicity 
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�ƹ�żǀƳţ�ƱŚƯŻŐ�Ʊō�źǀŧƽƹŹ��ƶºƳƺĭ���ƽŚºƷ���šřźºƄů�ƞºƬŤŴƯ
�šƹŚºƠţ���ŵŹřŵ�ŵƺºūƹ�ƾƿŚºƷ�(Isikber & Oztekin, 2009)��

ƶŝ���ƩŚŨƯ�ƱřƺƴƗƹŹǇ�Ŝƃ�ƽŚƷ����ƢºưƗ�Źŵ�ƶºĩ�ƽŶƴƷ�ƵźěÓÍ�
ƾŤƳŚſ����ƵŶºƃ�Ƶŵřŵ�Źřźºƣ�šŹŷ�ƽŚƷŹŚŞƳř�Źŵ�ƩƺƈŰƯ�ƽźŤƯ

ƶſ�šŶƯ��ŶƳŵƺŝ��ŢƔƬƛ�ƉźƘƯ�Źŵ�ŻƹŹÒÍ��ƾºě��ƾºě��Żř�ƭř
�ŶººƴŤƟźĭ�Źřźººƣ�ƱŻřƶººƧ��šŚººƠƬţÎÍÍ��řŹ�ŚººƷŹŚưǀţ�ŶººƇŹŵ

ƶŝ��ƵřźưƷ�Ţƃřŵ(Kells et al., 2001; Maier et al., 2006)��
��ƲǀƴĤưƷ�����ƪºůřźƯ�ƭŚºưţ��ŢƗŚºſ�Ūƴºě�šŶƯ�Źŵ�ŻŚĭ�Ʋƿř

�ƾĭŶƳŻ�ƶųźģCadra cautella (Walker)�ƶŝ�řŹ���ŹƺºƏÎÍÍ�
����ŵźºŝ�Ʋǀºŝ�Żř�ŶºƇŹŵ(Isikber & Oztekin, 2009)����ƽřźºŝ

����Źŵ�řƺºƷ�ƱŚºƿźū�ŢƗźºſ��ŚƷŹŚŞƳř�Źŵ�ƱŻř�Żř�ƶƴǀƸŝ�ƵŵŚƠŤſř



ƵźƄů�ƲưŬƳř�ƶƯŚƳ���Ʊřźƿř�ƾſŚƴƃèé���é���ÎÐîè������������������������������������������������������������������������������������������������������������������ÐÎ 

�ƪƣřŶů�ŶƿŚŝ�ŹŚŞƳř�ƪųřŵÍÐ�Í�����ƱŻř�Śºţ�ŶºƃŚŝ�ƶºǀƳŚŧ�Źŵ�źŤƯ
�����ŶººƿŚưƳ�ŷƺººƠƳ�ƽŹŚººŞƳř�šǇƺººƈŰƯ�ƢººưƗ�ƶººŝ�ŶººƳřƺŤŝ� �

(Mendez et al., 2003)���
Ɵō�Śŝ�ƵŻŹŚŞƯŚƽŹŚŞƳř�š������ŢºǀƠǀĩ�ƹ�Ţºǀưĩ�ƒºƠů�Śŝ

ƽŻŹƹŚºººƄĩ�šǇƺºººƈŰƯ��ƶºººƛŶƛŵ�Żř��ƾƬºººƇř�ƽŚºººƷ
Ŷǀƫƺţ��ŹŵŚºƇ��ƱŚĭŶƴƴĩ���ƝźºƈƯ�ƹ�ƱŚĭŶºƴƴĩ����Ʋºƿř�ƱŚĭŶºƴƴĩ

�Źŵ�šǇƺƈŰƯƾƯ�ƱŚƸū�źſřźſ�ŶƃŚŝ���řŸƫ�źƋŚů�ƢǀƤŰţ
�ƽŚŤſřŹ�Źŵ�����ƹ�ƱƺǀºſŚĮǀƯƺƟ�ƾºưĩ�ƹ�ƾºƠǀĩ�ŮƐºſ�ŌŚƤţŹř

řŹřƿ�ŜſŚƴƯ�ƽŹŚĪƷřŹ�ƶƽřźŝ���ƶºƄĜƃ�ƹ�ŪƳźŝ�ƶƄĜƃ�ƩźŤƴĩ
ƶƳřŶƳŵ�Źřŵ��Śŝ�ƲŤƟźĭ�źƔƳ�Źŵ�ŵƺūƺƯ�šŚƳŚĪƯř��Ŷƃ�ƭŚŬƳř���

��
ƁƹŹ�ƹ�ŵřƺƯ�ŚƷ��

�ŹŵƭŚŬƳř�ƂƿŚƯŻō�ƱŻř�ƵŚĮŤſŵ�Żř�ŚƷ��ŻŚſBEW��ƩŶƯ�
E-72��ƵŵŚƠŤſřƃŶ�����ƂƿŚºƯŻō�ƭŚºŬƳř�ƽřźºŝ����Ǝƿřźºƃ�Źŵ�ŚºƷ

śƺƬƐƯ�ŪƿŚŤƳ�Ŝƀĩ�ƹ�ŹŚŞƳř�Ǝƿřźƃ�ƶŝ�ĨƿŵżƳ���ƽŹŚºŞƳř��źţ
�ŵŚººƘŝř�ŹŵÖÍ�Ï�����ÔÖ�Ï�����ÔÍ�Ñ��źººŤƯ���ƮººŬů�ŚººŝÐÕ�
ŜººƘĪƯźŤƯ���ƶººƧ�ƽŚººƷŹřƺƿŵ�ƾººƬųřŵƱō�ƾººƃŚĩ�Śººŝ��ƽŚººƷ� �

ÏÍ�����ÏÍ��ƞĩ�ƹƱō���ĨºǀŗřŻƺƯ�ŚŝÑÍ�����ÑÍ���Ƶŵřŵ�Ƃºƃƺě
�ŵƹŶƀƯ�řƺƷ�ũƹźų�ƹ�ŵƹŹƹ�ŸƟŚƴƯ�ƭŚưţ�ƹ�ƵŶƃ�ŵƺºŝ�ƵŶƃ��

ŢƟźĭ�Źřźƣ�ƵŵŚƠŤſř�ŵŹƺƯ��ņŹŵ�ƝřźƏř��ƽŚƷźǀĭŻŹŵ�Śŝ�ŹŚŞƳř
Ŷƃ�ŵƹŶƀƯ�ƵŵźƄƟ�ƾŬƴƠſř��ņŹŵ�ƽƹŹ��ŹŚŞƳř�ƽżƬƟ�żǀƳ�źǀƃ

����Ʊō�ŹŚººƴĩ�Źŵ�ƹ�ƱŻř�ŻŚººĭ�ƢººƿŹżţ�ŢººƸū�ƩźººŤƴĩ�ƪººŝŚƣ
��ŹŚºŞƳř�ƪųřŵ�ƽřƺƷ�ŹŚƄƟ�ƩźŤƴĩ�ŢƸū�ƾŬƴſŹŚƄƟ��ŜºƈƳ

ƃ�Ŷ�Śţ���ŵƺºƃ�ƪºƇŚů�ƕǈºƏř�ŹŚŞƳř�Źŵ�řƺƷ�ŹŚƄƟ�ƱřżǀƯ�Żř��
ƶĪƴě��ƶǀŞƘţ�ŹŚŞƳř�ƪųřŵ�żǀƳ�ƽřƃ�Ŷ�Śºţ�����ŹŚºŞƳř�ƪºųřŵ�ƽřƺºƷ

ŶƃŚŝ�ƱŚƿźū�ƹ�Ɓŵźĭ�ƩŚů�Źŵ�ƶƄǀưƷ�����Żř�ƕǈºƏř�ƽřźºŝ
�ŹŚŞƳř�ƪųřŵ�ƾŞƀƳ�ŢŝƺƏŹ�ƹ�ŚƯŵƶŝ���Ŝºǀţźţ���Śºŝ�ŪƴºſŚƯŵ�Żř

ƵŻřŶººƳř�ŢººǀƬŝŚƣ��ƽźººǀĭ�ƽŚººƯŵƪƣřŶººů�ƹ�źŨĩřŶººů���Żř�ƹ
ŢŝƺƏŹ��ƩŶƯ�ŪƴſTASH����ƶºƳŚųŹŚĩ�ŢųŚºſTFA���ƱŚºưƫō

Ŷƃ�ƵŵŚƠŤſř��ƵŻřŶƳř�ƽřźŝ����Żř�ƪºƇŚů�šŚºƠƬţ�ŶƇŹŵ�ƽźǀĭ
���ƞºƬŤŴƯ�šǇƺƈŰƯ�šƹŚƠŤƯ�ơŚưƗř�Źŵ�ƱŻř�ŻŚĭ�ŵźŝŹŚĩ

ƶƫƺƫ���ƾºě�ƽŚºƷ��ƽƹ���ƾºſ�(PVC)�����ƶºƳŚƷŵ�źºƐƣ�ƶºŝÓÏ�Ô�

ƾŤƳŚſ��ƩƺºƏ�ƹ�źŤƯ���ƽŚºƷÐÍ��ÑÍ��ÑÒ��ƹÎÍÍ��ƾŤƳŚºſ���źºŤƯ
Ŷƃ�ƵŵŚƠŤſř������ƞºƬŤŴƯ�ơŚºưƗř�Źŵ�ŻŚºĭ�ŷƺƠƳ��ƝŶƷ�Ʊƺģ

ƈŰƯƶƫƺƫ�ŽŚưţ�ƪŰƯ�ƝřźƏř�řŸƫ��ŵƺŝ�Ʃƺ���Śºŝ�ŹƺŝżƯ�ƽŚƷ
ŪƴƠſř�Ǝſƺţ�ƲǀƯŻ�ŮƐſ��ŵƹŶƀƯ�ƾŞſŚƴƯ�ƽŚƷƃŶ��ŻŚĭ�Śţ
ƶƫƺƫ�ƾƿǇŚŝ�ƶƳŚƷŵ�Żř�ƎƤƟ�Ŷƴĩ�ŷƺƠƳ�ŚƷ���

�ŹŵƭŚŬƳř�ƂƿŚƯŻō��ŚƷ�ƪƯŚĩ�šřźƄů�Żř�S. oryzae��ƹ
O. surinamensis������ƭŶºƴĭ��ƾƿřŸºƛ�ƵŵŚºƯ�ƕƺƳ�ƶſ�Śŝ�ƵřźưƷ

��ƾŞƀƳ�ŢŝƺƏŹ�Śŝ�ƲƿŹŻ�ƮƣŹÎÎ�ŶƇŹŵ��ŪƳźŝ�����řŶºƳ�ƮƣŹ
�ƾŞƀƳ�ŢŝƺƏŹ�ŚŝÎÏ�ŶƇŹŵ���ŜƏŹ�ƹ�����Śºŝ�ƾŤƟŚºƌƯ�ƮºƣŹ
�ƾŞººƀƳ�ŢººŝƺƏŹÏÕ�ŶººƇŹŵ��ƶººŝ�ƶººĩ��żººĩřźƯ�Żř�Ŝººǀţźţ

�����ƶºǀƸţ�ŢºƟźǀū�ƹ�ƱřŹŶºƳŻŚƯ��ƾºŝźƛ�ƱŚŬƿŚŝŹŷō�ƾţŚƤǀƤŰţ
�ŶƳŵƺŝ�ƵŶƃ��ƵŵŚƠŤſřƃŶ�����Żř�żºǀƳ�ƂƿŚºƯŻō�ŵŹƺºƯ�šřźƄů

Ɩưū�ƱŚĭźĭ�Źŵ�ŪƳźŝ�ŹŚŞƳř�ŶƳŶƃ�ƽŹƹō��ƂƿŚƯŻō�ƭŚŬƳř���ŚºƷ
ŚǀŤůř�ƪŞƣ�řŸƫ��Ţƃřŵ�ŵŚƿŻ�ŵřŶƘţ�ƶŝ�šřźƄů�ƁŹƹźě�ƶŝ�ũ

ƂƿŚƯŻō�ƕƹźƃ�Żř������šřźºƄů�ƵƺºŞƳř�ƁŹƹźºě�ƾƬºƇř�ƽŚƷ
Ŷƃ�ƭŚŬƳř���ƶºƳřŵ�Żř�ŪƳźŝ�ƶƄĜƃ�ƁŹƹźě�ƽřźŝ����ƮƫŚºſ�ƽŚºƷ

ƭŶººƴĭ�(Padin et al., 2002)��ƶººƄĜƃ�ƁŹƹźººě�ƽřźººŝ�ƹ
ƶƳřŶƳŵ�ƶŝ�ƭŶƴĭ�ŵŹō�Żř�Źřŵ���ƵƹǈºƗÒ����ƺºŬŝō�źºưŴƯ�ŶºƇŹŵ�

(Tunçbilek, 1997)��ƵŵŚƠŤſřƃŶ���
ƂƿŚƯŻō�ƭŚŬƳř�ƽřźŝ���ŵřŶƘţÏÍ����ƪºƯŚĩ�ƵźºƄů�ŵŶƗ

Ĩƿ��ƵŻƹŹ�řŶū�ƱƹŶŝ�žƴū�Ʊŵźĩ�ŚƷ��ƶŝ�ƶƳƺĭ�źƷ�Żř���ŹƺºƏ
�ƪųřŵ�Źŵ�ƶƳŚĭřŶūĨŤƄţ�ƽŚƷ��ƽźŤě���ƾºƬųřŵ�źƐƣ�ŚŝÕ�Õ�

ƾŤƳŚſ�źŤƯ��ŵƺŝ�ƵźƄů�źƷ�ƽřźŝ�ŪƳźŝ�ƭźĭ�ƶſ�ƽƹŚů�ƶĩ��
ŶƴŤƟźĭ�Źřźƣ��ņŹŵ�žĜſ��ƽŹƺţĨŤƄţ�ƽŚƷ�Ŷƃ�ƶŤƀŝ�ƽźŤě��

�ƲƿřĨŤƄţ�ƽŚƷ�ƽźŤě�ƶƫƺƫ�ƶţ�Źŵ�ƾě�ƽŚƷ��ƽƹ���Źŵ�ƶĩ�ƾſ
ƵŻřŶƳř��ƶǀƸţ�źƔƳ�ŵŹƺƯ�ƽŚƷƃ�ƵŶƹ��Żř�ƭřŶĩźƷƱō�ŚƷ�ƶŝ���ŹƺºƏ

Ŷƃ�źě�ŪƳźŝ�ƹ�ƭŶƴĭ��ŚƯźų�Śŝ�ƶƳŚĭřŶūŵƺŝ�Ƶ�ŶºƳ����ƶŤºƃřŸĭ
ŶƳŶƃ���žĜſņŹŵ��Źƹŵ�ƹ�ƶŤƀŝ�ŹŚŞƳřƱō����ŹřƺºƳ�Żř�ƵŵŚƠŤºſř�Śŝ

�ƵŶǀƃƺě�ŜƀģƃŶ���ƱřżǀƯ�ƶŝ�ƱŻř�ŻŚĭÒÍ����ƮºŬů�ŶºƇŹŵ
�ƱŻř�ƵŚĮŤºſŵ�Ǝſƺţ�ŹŚŞƳř�������ƢºƿŹżţ�ŹŚºŞƳř�ƪºųřŵ�ƶºŝ�ŻŚºſƹ�

���ŢƠºſ�ƹ�ƶŤºƀŝ�ľǈƯŚĩ�ƽŵƹŹƹ�ƁƺěŹŵ�ºƃŶ��ÏÑ���ŢƗŚºſ
ŶƘŝ���Śŝ�ŻŚŝ�ƱŵźƧņŹŵ�ũŹŚų�ƹ�ŹŚŞƳř��Żř�šřźƄů��ŻŚĭ�ƱŶƃ



ÐÏ���������������������������������������������ƾƣŵŚƇ��ţŐ��ŪƳźŝ�ƶƄĜƃ�ƽƹŹ�ƱŻř�ŻŚĭ�źǀŧSitophilus oryzae (Col.: Curculionidae)��ƶƳřŶƳŵ�ƶƄĜƃ�ƹ��Źřŵ������

ƶƫƺƫ�ƪųřŵ��ƽřźŝ�ƹ�ŶƳŶƃ�ũŹŚų�ŚƷÏÑ����ƪºųřŵ�Źŵ�ŢƗŚºſ
�ŹŚŞƳř�ƶŝŚƄƯ�ŢŝƺƏŹ�ƹ�ŚƯŵ�Śŝ�ŹƺţŚŝƺĪƳř��ƽŚƯŵºC�Ï�t�ÏÔ�

�ƾŞƀƳ�ŢŝƺƏŹ�ƹÒ�t�ÒÒ�ŶƇŹŵ��ƶĮƳ�Ŷƃ�ƽŹřŵ��źºĭř�Śţ�ŶƳ
ƵźƄů�������ŵŵźºĭźŝ�ŵƺºų�ƶºǀƫƹř�ŢºƫŚů�ƶºŝ�ŵƺºŝ�ƁƺƸǀŝ�ƽř��
žĜſ���ƁŹŚưƃ�ƵŵźƯ�šřźƄůŢƟźĭ�šŹƺƇ���šřźƄů
�ŶƷŚƃ�żǀƳƶŝ�ƮƷ�ŹƺƏ����ƶºĩ�ƽŹŚºŞƳř�Śŝ�ƶŝŚƄƯ�ƽŹŚŞƳř�Źŵ�ƱŚƯŻ
ƂƿŚƯŻō�ƶĮƳ��ŢƟźĭ�ƭŚŬƳř�Ʊō�Źŵ�ŚƷ�ŶƳŶƃ�ƽŹřŵ������Ʋºƿř�Śºŝ

�ƢƿŹżţ�ŶƷŚƃ�šřźƄů�ƽƹŚů�ŹŚŞƳř�ƶŝ�ƱŻř�ŻŚĭ�ƶĩ�šƹŚƠţ
ƄƳŶ���ƲƿřƂƿŚƯŻō�ŢƟźĭ�ƭŚŬƳř�ŹřźĪţ�ƶſ�Źŵ�ŚƷ����
��

�ƮŬů�ƽřźŝ�ƱŻř�ŻŚĭ�ŹřŶƤƯ�ƶŞſŚŰƯÒÍ�ŹŚŞƳř�ƽŶƇŹŵ��
ƂƿŚƯŻō�Ʋƿř�Źŵ�ƵŵŚƠŤſř�ŵŹƺƯ�ŹŚŞƳř�ƮŬů��ŚƷÐÕ��źŤƯ

ŵƺŝ�ŜƘĪƯ���Śŝ�źŝřźŝ�ƱŻř�ƾƫŚĮģÎÑÑ�Ï�źŝ�ƭźĭ���źŤǀƫŢſř�
ƶƧ��ƽřźŝƱŵźƧ�źě���ŢŞºƀƳ�Śŝ�ŹŚŞƳř�ƮŬůÒÍ����ŻŚºĭ�ŶºƇŹŵ
ƱŻř��ƮŬů�ƶƐŝřŹ����ƭźū� �ƾƫŚĮģ�ºƯ�ŵŹƺ��ƵŵŚƠŤºſř��Źřźºƣ

ƹ�ŢƟźĭ��Śŝ�źŝřźŝÑÎ��ƶŞſŚŰƯ�ƭźĭƺƬǀĩƃŶ�����ƶºŝ�ƶºūƺţ�Śŝ
��Śºŝ�źŝřźŝ�śō�ƾƫƺĪƫƺƯ�ƭźū�ƶĪƴƿřÎÕ����ƾƫƺºĪƫƺƯ�ƭźºū�ƹ

��Śºŝ�źŝřźŝ�ƱŻřÑÕ��Ţºſř����řŸºƫÑÎ�����Śºŝ�źºŝřźŝ�ƱŻř�ƭźĭƺºƬǀĩ
ÎÓ�ÕÒÑ��ƱŻř�ƩƺƯƾƯ��ŶºƃŚŝ�����ƲŤƟźºƧ�źºƔƳ�Źŵ�Śºŝ���ƶºƐŝřŹ� �

O2 + H2O    O3 + H2���ƶŝ�Ĩƿ�ƽźŤƯƺǀĩƺŤſř�ƶƐŝřŹ�Ĩºƿ���
Ƃƴĩřƹ�ƭŚưţ�ŢŞƀƳ�Ʊƺģ�ƵŶƴƷŵ����ƶºŝ�Ĩºƿ�šǇƺƈŰƯ�ƹ�ŚƷ

Ţſř�Ĩƿ���ƽźĮƿŵ�ƩŶƯ�źŝřźŝ�ƭřŶĩ�źƷ�ƩŶƯ�ŵƺºŝ�ŶƷřƺų��
ƾƿŚŬƳōŻř�ƶƧ��ƩŶƯO3��ƩŶƯ�ŚŝH2O��źŝřźŝŵƺŝ��ƢƿźƏ�Ʋƿř�Żř��

���Ŷºƃ�ƶŞºſŚŰƯ�ƱŻř�ŻŚºĭ�Ŷǀƫƺţ�ƽřźŝ�ŻŚǀƳ�ŵŹƺƯ�śō�ƱřżǀƯ��
ƾƴƘƿ��Ŷǀƫƺţ�ƽřźŝÑÎÍÍÍ��ƱŻř�ŻŚºĭ�ƭźĭ����ŹřŶºƤƯÐÔÒ�ÎÒ�

ƱŻř�ƵŚĮŤſŵ�Ǝſƺţ�śō�źŤǀƫ��ƝźƈƯ�ŻŚſƃ���Śºŝ�źºŝřźŝ�ƶĩ�Ŷ
���ƮºŬů�ŶºƇŹŵ�ƵŚŬƴě�Ʊŵźĩ�źě�ƽřźŝ�ŻŚǀƳ�ŵŹƺƯ�ƱŻř�ŹřŶƤƯ

ŵƺŝ�ŹŚŞƳř� 

��
ŚĮƯř�ŹƹŸŬƯ�ƶŞſŚŰƯ��

�ƕƺººƳ�ƹ�ƩƺººƈŰƯ�ƢººưƗ�ŢººǀưƷř�ƆǀŴººƄţ�ƽřźººŝ
���ƂƿŚºƯŻō�ŵŹƺºƯ�šřźºƄů�Źŵ�šŚƠƬţ�ŵŚŬƿř�Źŵ�ƩƺƈŰƯ��

ƩƺƯźƟ�ƢƿźƏ�Żř�ƶĩ�ŚĮƯř�ŹƹŸŬƯ��ºſŚŰƯ�źƿŻ�ƽŚƷ�ƶŞ�ºƃŶ��
�ŵŹƺƯ�ƵŵŚƠŤſřŢƟźĭ�Źřźƣ���
�ƵŚŞŤƃřSS  MS��ƪĩ����ƵŚŞŤƃřMS���df�ƩƺƈŰƯ�ƢưƗ����

SS��ƩƺƈŰƯ�ƢưƗ� Ï�ƩƺƈŰƯ�ƢưƗ��
�ƵŚŞŤƃřSS  MS��ƪĩ����ƵŚŞŤƃřMS ��df�ƩƺƈŰƯ�ƕƺƳ����

SS��ƩƺƈŰƯ�ƕƺƳ� Ï�ƩƺƈŰƯ�ƕƺƳ��
��

�ƪǀƬŰţ�ƹ�ƶƿżŬţƽŹŚƯō�Ƶŵřŵ�ŚƷ��
��šźºĩ�ƶºƿŚě�ŭźƏ�Żř�źƋŚů�ƢǀƤŰţ�Źŵ����ľǈƯŚºĩ�ƽŚºƷ
�Żř�żǀƳ�ƪƿŹƺŤĩŚƟ�šŚƄƿŚƯŻō�Źŵ�ƹ�ƾƟŵŚƈţ�ƲǀưƷ��ƹ�ŭźºƏ

�ŚĮƯř�ƭƹŵ�Ʊřƺţ�Ï��Ŷƃ�ƵŵŚƠŤſř������ƽŹŚºƯō�ƶºƿżŬţ�Żř�ƪŞƣ
ƭƹżƫ�šŹƺƇ�Źŵ��Ƶŵřŵ�ƪĪƃ�źǀǀƜţ�����ƾŤųřƺºƴĪƿ�ŢºƸū�ŚºƷ

žƳŚººƿŹřƹ��ƶººƐŝřŹ�Śººŝ�ŚººƷ�Arcsin x���ŢººƟźĭ�šŹƺººƇ
(Snedecor & Cochran, 1989)��ƽřźŝ���ƹ�žƳŚºƿŹřƹ�ƶƿżŬţ

Ƶƹźĭ�ƽŶƴŝ�ƲǀĮƳŚǀƯ�ƾĩƺţ�ƁƹŹ�Śŝ�ŚƷŹŚưǀţ���ƭźºƳ�Żř��ŹřżºƟř�
SPSS��ƵŵŚƠŤſřƃŶ���

��
ƾŞƀƳ�ƾĭŶƴƄĩ�ƱƺƯŻō 

�ŢºƔƬƛ��ƾţŚƯŶƤƯ�šŚƄƿŚƯŻō�ŽŚſřźŝ����ƾƬºƇř�ƽŚºƷ
ƽřźŝ���ƲǀǀƘţLC50������ƶºƄĜƃ�ƹ�ŪƳźºŝ�ƶºƄĜƃ�ƽƹŹ�ƱŻř�ŻŚºĭ
ƶƳřŶƳŵ��Źřŵ�Ŷºƃ�ƆŴƄƯ����ƽřźºŝ�ƲǀºǀƘţ����Żř�ƾºƃŚƳ�šŚºƠƬţ
�źƿŵŚƤƯLC50�ƽƹŹ�ƱŻř�ŻŚĭ��S. oryzae�ƹ�O. surinamensis�

�ƢưƗ�ŹŵÎÍÍ�ƾŤƳŚſ�ŪƳźŝ�ƹ�ƭŶƴĭ��ŚƯźų�ƽźŤƯ���ƲŤƀƳřŵ�ƹ
ƾƴƘƯ��Źřŵ�Ʊō�ƱŵƺŞƳ�Śƿ�ƹ�Ʊŵƺŝ����ƾŞºƀƳ�ƾĭŶƴºƄĩ�ƱƺƯŻō�Żř
Źŵ�ƭźƳ��ŹřżƟřSPSS��ƵŵŚƠŤſřƃŶ���
��

ŦŰŝ�ƹ�ŪƿŚŤƳ 

�źƿŵŚƤƯLC50��ŻŚĭ�ƱŻř�ƶºƳřŶƳŵ�ƶƄĜƃ�ƹ�ŪƳźŝ�ƶƄĜƃ�ƽřźŝ��Źřŵ
�ƢưƗ�ŹŵÎÍÍ�ƾŤƳŚſ�ƽźŤƯ��

�źƿŵŚƤƯ�ƲƿźŤƄǀŝLC50�����ƱŻř�źºŧř�ƂƿŚºƯŻō�Żř�ƪºƇŚů
���ƪºƯŚĩ�šřźºƄů�ƽƹŹS. oryzae��ƹO. surinamensis��Źŵ

�ƢưƗÎÍÍ�ƾŤƳŚſ���ŚºƯźų�Źŵ�ƽźŤƯƹ��ƶºŝ�����Śºŝ�źºŝřźŝ�Ŝºǀţźţ



ƵźƄů�ƲưŬƳř�ƶƯŚƳ���Ʊřźƿř�ƾſŚƴƃèé���é���ÎÐîè������������������������������������������������������������������������������������������������������������������ÐÐ 

ÏÐÒ�Î��ƹÏÏÖ�Î�ƾƬǀƯ��řƺƷ�źŤǀƫ�Ĩƿ�Źŵ�ƱŻř�ŻŚĭ�źŤǀƫ�ŵƺºŝ�
��ƩƹŶūÎ�.�ƲƿřźŝŚƴŝ����ŵŹƺºƯ�ƽŹŚŞƳř�šŚƟō�ƶƳƺĭ�ƹŵ�šŚƠƬţ

Ưźų�Źŵ�ƂƿŚƯŻōŢſř�źŤưĩ�ŪƳźŝ�ƹ�ƭŶƴĭ�ƶŝ�ŢŞƀƳ�Ś����ƶºŝ
�źĮƿŵ�ƱŚǀŝ�Ţſŵ�ƽřźŝ��šŚƠƬţ�ƶŝ�ƾŝŚƿÒÍ��ŚƯźų�Źŵ�ŶƇŹŵ

ŵƺƃ�ƝźƈƯ�ƽźŤƄǀŝ�ƱŻř�ŻŚĭ�ŶƿŚŝ���
��

ţ�źŝ�ƢưƗ�źŧřŐ�źǀŧ�ŻŚĭ��ŪƳźºŝ�ƶƄĜƃ�ƪƯŚĩ�šřźƄů�ƽƹŹ�ƱŻř
ƶƳřŶƳŵ�ƶƄĜƃ�ƹ�Źřŵ��

�Żř�ƵŵŚƠŤſř�Śŝ�ŢƔƬƛÎÕÍÍ�ƾƬǀƯ���Żř�řƺºƷ�źŤǀƫ�źŝ�źŤǀƫ
�ƢưƗ�ŵŹƺƯ�Źŵ�ƱŻř�ŻŚĭīźƯ�ƽřźŝ�ƩƺƈŰƯ����ƶºƄĜƃ�źºǀƯƹ

�ƭƺƬƘƯ�ŪƳźŝƃ����šƹŚºƠţ�źĮƿŶºĪƿ�Śºŝ�ƢưƗ�ŹŚƸģ�źƷ�ƶĩ�Ŷ
ƾºººººƴƘƯ��ƽŹřŵ�ŶºººººƳŹřŵ�ÓÒÒ�ÎÔÍ�=�F��ÏÑ�,Ð�=�df��� �

�ÍÍÎ�ÍP = ����żǀƳ�ƾƸŝŚƄƯ�ƶŬǀŤƳ���ƶºƳřŶƳŵ�ƶºƄĜƃ�ƽřźºŝ��Źřŵ
ƶŝ��ŶºƯō�Ţſŵ��ÓÏÓ�ÐÎÐ�=�F��ÏÑ�,Ð�=�df���ÍÍÎ�ÍP = ���

�šŚƠƬţ�ƲƿźŤƄǀŝ�ƾƴƘƿ�ÔÔ�ÓÐ�ŶƇŹŵ���ƢưƗ�Źŵ�źŤưĩ�ÐÍ�
ƾŤƳŚſ�źŤƯ���ƹ�Ŷƃ�ƵŶƷŚƄƯƂƿřżƟř�Śŝ�ƩƺƈŰƯ�ƢưƗ��ŷƺƠƳ�

ƾƯ�źŤưĩ�ŻŚĭ�ƃŶ�� 

��
ţ�źŝ�ƩƺƈŰƯ�ƕƺƳ�źŧřŐ�źǀŧ��ŻŚºĭ���ƪºƯŚƧ�šřźºƄů�ƽƹŹ�ƱŻř

ƶƳřŶƳŵ�ƶƄĜƃ�ƹ�ŪƳźŝ�ƶƄĜƃ�Źřŵ 

ƾƯ�ƱřżǀƯ�Źŵ�ŚƯźų�ƹ�ŪƳźŝ��ƭŶƴĭ�Ʋǀŝ�ƶĩ�ŢƠĭ�Ʊřƺţ�
�����ŵŹřŵ�ŵƺºūƹ�šƹŚºƠţ�ƱŻř�ŻŚºĭ�ŹƺŞƗ�ƶºƧřźģ���šŚºƠƬţ�Źŵ

ŵŚŬƿř��Ǝſƺţ�ƵŶƃ���ƶºƄĜƃ�ƪºƯŚĩ�šřźƄů�Źŵ�żǀƳ�ŻŚĭ�Ʋƿř
ƾƴƘƯ�šƹŚƠţ�ŪƳźŝ�Ŷƃ�ƵŶƷŚƄƯ�ƽŹŚƯō�Źřŵ��ÏÒÔ�ÐÏ�=�F��

ÏÑ�,Ï�=�df���ÍÍÎ�ÍP = ������ƶººƄĜƃ�Źŵ�šŚººƠƬţ�ƱřżººǀƯ
ƶƳřŶƳŵ�ŝ��ƞƬŤŴƯ�ƾƿřŸƛ�ŵřƺƯ�Źŵ�Źřŵƶ�Ʊō�źŧř�ƶƐſřƹ���Źŵ�ŚºƷ

�ƱŻř�ŻŚĭ�ŹƺŞƗ��ŢƔƬƛÎÕÍÍ��ƾºƬǀƯ�����řƺºƷ�źºŤǀƫ�źºŝ�źºŤǀƫ���
�ƝǈŤųř�ƽřŹřŵƾƴƘƯ�ŵƺŝ�Źřŵ��ÖÒÒ�ÑÎ�=�F��ÏÑ�,Ï�=�df��

�ÍÍÎ�ÍP = ����źƷ�ƽřźŝ�ƩƺƈŰƯ�ƕƺƳ�ƹ�ƩƺƈŰƯ�ƢưƗ�Ʋǀŝ
ƾƴƘƯ�źŧř�ƶƳƺĭ�ƹŵ��ƽŹřŵ��ƱŚƴǀưƏř�ŚŝÖÒ�ŶƇŹŵ����ƵŶƷŚºƄƯ

�Ŷƃ�ŪƳźŝ�ƶƄĜƃ��ÎÎÎ�Ð�=�F��ÏÑ�,Ó�=�df���ÍÏÐ�ÍP = ��ƹ
ƶƳřŶƳŵ�ƶƄĜƃ�Źřŵ��ÕÍÖ�Ï�=�F��ÏÑ�,Ó�=�df���ÍÐÑ�ÍP = �����

�ŢǀưƷř�ƢưƗ�ƂƤƳ�ÐÍ��ÑÍ��ÑÒ��ƹÎÍÍ�ƾŤƳŚſ�źŤƯ��
�ƹ�ƩƺƈŰƯ�ƕƺƳ�ŪƳźŝ�ƹ�ƭŶƴĭ��ŚƯźų����šŚƠƬţ�ŵŚŬƿř�ŹŵŚŝ�

�ŚĮƯř�ŹƹŸŬƯ�ƶŞſŚŰƯ�Ï��ƆŴƄƯ�Ŷƃ��ƤƯŚŵƿ�źÏ��ƢưƗ
ƶŝ�ŪƳźŝ�ƶƄĜƃ�ƽřźŝ�ƩƺƈŰƯ�ƕƺƳ�ƹ�ƩƺƈŰƯ��źŝřźŝ�Ŝǀţźţ

�ŚŝÐÔÓ�Í��ƹÍÍÑ�Í����ƶºƳřŶƳŵ�ƶºƄĜƃ�ƽřźŝ�ƹ����Śºŝ�źºŝřźŝ�Źřŵ
ÍÒ�Í��ƹÍÍÑ�Í�ŵƺŝ���ŪƿŚŤƳơƺƟ�ƾƯ�ƱŚƄƳ�ŶƷŵ���ŹřŶºƤƯ�ƶĩ

Ï�������ŵŹƺºƯ�ŢºƟō�ƹŵ�źºƷ�ƽřźºŝ�ƩƺºƈŰƯ�ƢưƗ�ƶŝ�ƍƺŝźƯ
ƤƯ�Żř�źŤƄǀŝ�ƶƘƫŚƐƯŚŵƿ�źÏ�Ţſř�ƩƺƈŰƯ�ƕƺƳ����ƲƿřźŝŚºƴŝ

������Źŵ�ƱŻř�Ǝºſƺţ�šŚºƠƬţ�ŵŚºŬƿř�Źŵ�ƩƺºƈŰƯ�ƢºưƗ�ƂƤƳ
ƶººƳřŶƳŵ�ƶººƄĜƃ�ƹ�ŪƳźººŝ�ƶººƄĜƃ��ƕƺººƳ�ƂººƤƳ�Żř�źŤººƄǀŝ�Źřŵ

ƾƯ�ƩƺƈŰƯ�ŶƃŚŝ���
��

�ƶºƳřŶƳŵ�ƶƄĜƃ�ƹ�ŪƳźŝ�ƶƄĜƃ�šŚƠƬţ����ƞºƬŤŴƯ�ơŚºưƗř�Źŵ�Źřŵ
řƺƯƾƿřŸƛ�ŵ��

�ƱŻř�ŻŚĭ���ŢºƔƬƛÎÕÍÍ��ƾºƬǀƯ�����řƺºƷ�źºŤǀƫ�źºŝ�źºŤǀƫ��
��ƹ�Ŷºƴĩ�ŷƺƠƳ�ƾƿřŸƛ�ƩƺƈŰƯ�ƞƬŤŴƯ�ơŚưƗř�Źŵ�ŢƀƳřƺţ

ŵŚŬƿř�šŚƠƬţ�ƱřżǀƯ���ǇŚºŝ�ơŚưƗř�Źŵ�ƶƳƺĭ�ƹŵ�źƷ�ƽřźŝ�ƵŶƃ
ŵƺŝ�ƶūƺţ�ƪŝŚƣ�żǀƳ���ƭƺƬƘƯ�ƩƺƈŰƯ�ƢưƗ�ŵŹƺƯ�Źŵƃ�ƶĩ�Ŷ

ƾƴƘƯ�šƹŚƠţ�źĮƿŶĪƿ�Śŝ�ƢưƗ�ŹŚƸģ�źƷ�ŶƳŹřŵ�ƽŹřŵ���ƾƴƘƿ
�ƾºƯ�ƵŶƷŚƄƯ�źŤưĩ�ƢưƗ�Źŵ�šŚƠƬţ�ƲƿźŤƄǀŝ����źºƷ�ƹ�ŵƺºƃ

ŶƃŚŝ�źŤƄǀŝ�ƩƺƈŰƯ�ƢưƗ�ƶĩ�ƵŻřŶƳř���ŶƷřƺų�źŤưĩ�šŚƠƬţ
�ŵƺŝ��ƩƹŶūÏ����

��
źŧř�ƾŞƀƳ�ƾĭŶƴƄĩ�ƱŻř�ŻŚĭ��

����źƿŵŚºƤƯ�ƶºĩ�ŵřŵ�ƱŚºƄƳ�ƾŞƀƳ�ƾĭŶƴƄĩ�ƱƺƯŻōLC50�
��ƶºƳřŶƳŵ�ƶºƄĜƃ�ƹ�ŪƳźŝ�ƶƄĜƃ�ƽřźŝ�ƱŻř���ƢºưƗ�Źŵ�ŹřŵÎÍÍ�

ƾŤƳŚſ�Żř�źŤƄǀŝ�ŚƯźų�Źŵ�ƽźŤƯ����Ţºſř�Ƶŵƺºŝ�ŪƳźŝ�ƹ�ƭŶƴĭ
�ƩƹŶū�ƽŚƷ�Ð�ƹ�Ñ����

�ƂƿŚƯŻō�ŵŹƺƯ�šǇƺƈŰƯ�Źŵ�ŵƺų�ŷƺƠƳ�Śŝ�ƱŻř�ŻŚĭ
ƾƯ�ƾĭŶƴƄĩ�ŜŞſ�ƾƯ�řŸƫ��ŵƺƃ��Ʊřƺţ��Ʋºƿř�Żř���ƽřźºŝ�ŻŚºĭ
�ƽŹŚŞƳř�šŚƟō�ƩźŤƴĩ��ŵźºƧ�ƵŵŚƠŤºſř�����Źŵ�ƽŵŚºƿŻ�šŚºƤǀƤŰţ

�ŵŹƺƯŵźŝŹŚƧ�ƵŶƃ�ƭŚŬƳř�ƽŹŚŞƳř�ŢƟō�ƩźŤƴĩ�ƽřźŝ�ƱŻř�ŻŚĭ� �
��



ÐÑ���������������������������������������������ƾƣŵŚƇ��ţŐ��ŪƳźŝ�ƶƄĜƃ�ƽƹŹ�ƱŻř�ŻŚĭ�źǀŧSitophilus oryzae (Col.: Curculionidae)��ƶƳřŶƳŵ�ƶƄĜƃ�ƹ��Źřŵ������

��

��

ƩƹŶū�Î���źƿŵŚƤƯLC50�ŻŚĭ��ƢưƗ�Źŵ�ƱŻřÎÍÍ�ƾŤƳŚſ�ƽźŤƯ���
Table 1. LC50 values of ozone at a depth of 100 cm. 
 

Insects  Sitophilus oryzae  Oryzaephilus surinamensis 
Foodstuffs LC50 (ml/l) Lower bound Upper bound LC50 (ml/l) Lower bound Upper bound 

Date  1.235 0.777 2.162  1.229 0.820 1.993 
Wheat 0.809 0.463 1.287 0.813 0.502 1.221 
Rice 0.860 0.509 1.361 0.932 0.597 1.415 

��
�ƩƹŶūÏ��īźƯ�ŶƇŹŵ�ŪƳźŝ�ƶƄĜƃ�źǀƯƹ��Sitophilus oryzae����ƶºƳřŶƳŵ�ƶºƄĜƃ�ƹ�Źřŵ���Oryzaephilus surinamensis����ơŚºưƗř�Źŵ

�ŢƔƬƛ�Źŵ�ƞƬŤŴƯÎÕÍÍ�ƾƬǀƯ�ƩƺƈŰƯ�ƶſ�ƪĩ�ƲǀĮƳŚǀƯ�Źŵ�ƱŻř�ŻŚĭ�řƺƷ�źŤǀƫ�źŝ�źŤǀƫ���
Table 2. The percent mortality of Sitophilus oryzae and Oryzaephilus surinamensis in the different depths at 1800 ml/l 

air of ozone in overall mean of three products. 
 

Insects Depth (cm) % mortality ± SE 

S. oryzae 

100 36.23 ± 4.52d 
45 54.47 ± 5.90c 
40 58.67 ± 5.82b 
30 64.73 ± 6.11a 

   

O. surinamensis 

100 33.65 ± 5.53d 
45 39.92 ± 5.11c 
40 50.93 ± 5.23b 
30 63.77 ± 6.12a 

 Means followed by the same letters in column for each insect are not significantly different (Tukey�s test, P < 0.05). 

��
�ƩƹŶūÐ��ƱƺƯŻō�ƽŚƷ�ŪƳźŝ�ƶƄĜƃ�ƽřźŝ�ƞƬŤŴƯ�ƾƿřŸƛ�šǇƺƈŰƯ�Źŵ�ƱŻř�ŻŚĭ�ƾŞƀƳ�ƾĭŶƴƄĩ��Sitophilus oryzae���ƢưƗ�Źŵ

ÎÍÍ�ƾŤƳŚſ�ƽźŤƯ� 
Table 3. Relative median potency tests of ozone for Sitophilus oryzae in different nutritious products at the depth of 100 

cm. 
 

  95% Confidence interval   
Upper bound Lower bound LC50 (ml/l) Foodstuff Foodstuff 

2.110 0.810 1.53 Wheat 
Date 

2.652 0.914 1.43 Rice 
     

1.531 0.650 0.94 Rice Wheat 

��
�ƩƹŶººūÑ��ƱƺººƯŻō�ƽŚººƷ��������ƶººƳřŶƳŵ�ƶººƄĜƃ�ƽřźººŝ�ƞººƬŤŴƯ�ƾƿřŸººƛ�šǇƺººƈŰƯ�Źŵ�ƱŻř�ŻŚººĭ�ƾŞººƀƳ�ƾĭŶƴººƄĩ�Źřŵ��� �

Oryzaephilus surinamensis���ƢưƗ�ŹŵÎÍÍ�ƾŤƳŚſ�ƽźŤƯ� 
Table 4. Relative median potency tests of ozone for Oryzaephilus surinamensis in different nutritious products at the 

depth of 100 cm. 
 

  95% Confidence interval   
Upper bound Lower bound LC50 (ml/l) Foodstuff Foodstuff 

2.722 1.131 1.51 Wheat 
Date 

2.189 0.882 1.31 Rice 
     

1.316 0.547 0.87 Rice Wheat 
��
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��

Ţſř��ƶŝ���ƩŚŨƯ�ƱřƺƴƗLeesch (2003)��ŢǀưſÐÍÍ�ƾě�ƾě��ƭř
Ŝƃ�ƾŤƀƿŻ�ƞƬŤŴƯ�ƪůřźƯ�ƽƹŹ�řŹ�ƱŻř�ŻŚĭ����ƽŶºƴƷ�Ƶźě

Plodia interpunctella (Hubner)���ƶƄĜƃ�ƪƯŚĩ�šřźƄů�ƹ
��ŵŹōTribolium confusum du Val�ŵƺººưƳ�ƾººſŹźŝ���ƹ�

�������ƱŻř�ŻŚºĭ�ƶºŝ�ŢŞºƀƳ�ƵźºƄů�ƹŵ�Ʋºƿř�ƶºĩ�ŵźĩ�ƆŴƄƯ
�ƹ�ŶƴŤƀƷ�ŽŚƀů�Ʋƿř���ƶŤºƀƳřƺţ�ŻŚºĭ��Ţºſř���ƾºƫźŤƴĩ�źºŧř

ŶƃŚŝ�ƶŤƃřŵ�ŢƟō�ƹŵ�Ʋƿř�ƽƹŹ�ƾŝƺų����Źŵ�ƾƸŝŚºƄƯ�ŪƿŚŤƳ
�šŚƤǀƤŰţKells et al. (2001)����ƶºŝ�ŢŞºƀƳ���ƶºƄĜƃ�ƩźºŤƴĩ

�šŹŷ(Sitophilus zeamais Motschulsky)����ƹ�ŵŹō�ƶºƄĜƃ
Ŝƃ�ƽŶƴƷ�Ƶźě�ĭ�Żř�ƵŵŚƠŤſř�Śŝƶŝ�ƱŻř�ŻŚ�ŶƯō�Ţſŵ���ŪƿŚºŤƳ�

�źƋŚů�ƢǀƤŰţ�ŵřŵ�ƱŚºƄƳ�żǀƳ�����ƹ�ŪƳźºŝ�ƶºƄĜƃ�ƶºĩ��ƶºƄĜƃ
ƶƳřŶƳŵ�ƾƯ�ŽŚƀů�ƱŻř�ŻŚĭ�ƶŝ�ŢŞƀƳ�Źřŵ�ŶƴƃŚŝ���

ƤǀƤŰţ�ŹŵšŚ�Sekhon et al. (2010)�ƽŵ�ŻŚĭ�Żř��Ŷǀƀĩř
�ƶºŝ�Ʋŝźĩ���ŷƺºƠƳ�ƱřƺºƴƗ������Ƶŵƺºţ�ơŚºưƗř�Źŵ�ƱŻř�ŻŚºĭ�ƵŶºƴƷŵ

Ŷƃ�ƵŵŚƠŤſř�ƩƺƈŰƯ�ƹ�ŵřŵ�ƱŚƄƳ�ŪƿŚŤƳ�ƶƧ��ƹŵ�Ʋƿř�Ŝǀĩźţ
ŵŹřŵ�ƂƿŚƯŻō�ŵŹƺƯ�šřźƄů�ƽƹŹ�ƾŝƺų�ƾƫźŤƴĩ�źŧř��ŻŚĭ��

�ƱŻř�ŻŚĭ�Ʊƺģ�źƋŚů�ƢǀƤŰţ�Źŵƶŝ���ŵŹƺºƯ�ƾƿŚƸƴţ��ƵŵŚƠŤºſř
��ŢºƟźĭ�Źřźƣ���������ơŚºưƗř�ƶºŝ�ŻŚºĭ�Ʋºƿř�źŤºƄǀŝ�ŷƺºƠƳ�ƽřźºŝ

������Źŵ�řƺºƷ�ƲŤųřŶºƳř�ƱŚºƿźū�ƶºŝ�ƽřźºŝ�ƶĪƴě�Żř�šǇƺƈŰƯ
�ƵŵŚƠŤſř�ŹŚŞƳř�ƪųřŵƃŶ���źºƔƳ�ƢŞƏ�Mendez et al. (2003)�

żǀƳ���ƱŚƿźū�ŢƗźſ��ŚƷŹŚŞƳř�Źŵ�ƱŻř�Żř�ƶƴǀƸŝ�ƵŵŚƠŤſř�ƽřźŝ

�ƪƣřŶů�ŶƿŚŝ�ŹŚŞƳř�ƪųřŵ�Źŵ�řƺƷÍÐ�Í����ŶºƃŚŝ�ƶºǀƳŚŧ�Źŵ�źŤƯ
ŶƿŚưƳ�ŷƺƠƳ�ƽŹŚŞƳř�šǇƺƈŰƯ�ƢưƗ�ƶŝ�ŶƳřƺŤŝ�ƱŻř�Śţ���

źƋŚů�ƢǀƤŰţ�Źŵ��ƾƬƗ�ƶƳřŵ�ƵŻřŶƳř�ƶĩ�Ʋƿř�ƮƛŹ���ƽŚºƷ
ŢƃŹŵ�ƾƬǀų�ŚƯźų���ľŚţŶºƗŚƣ�ƹ�ŵƺŝ�ŪƳźŝ�ƹ�ƭŶƴĭ�Żř�źţ��żºǀƳ

ƺƠƳ�ŶƿŚŝ�źŤƄǀŝ�ƾƬǀų�Ʊō�ƪųřŵ�ƶŝ�ŻŚĭ�ŷƾƯ��ŵƺŝ�ƲƿřŚŝ��ƩŚů
�šŚƠƬţźŤưĩƽ�Żř�����ƂƿŚºƯŻō�ŵŹƺºƯ�ƶºƳƺĭ�ƹŵ�ƽƹŹ��ŚºƯźų

Ŷƃ�ƵŶƷŚƄƯ��ƮƸƯ������ƾºƯ�řŹ�źºƯř�Ʋºƿř�ƶºĩ�ƪºǀƫŵ�Ʋƿźţ���ŶºƳřƺţ
ŶƿŚưƳ�ƶǀūƺţ������Ţºſř�ŚºƯźų�ƩƺºƈŰƯ�ŢºŝƺƏŹ����Ʋºƿř�Źŵ

�����ƾŞºƀƳ�ŢºŝƺƏŹ�Śºŝ�ƾŤƟŚºƌƯ�ƮƣŹ�ƽŚƯźų�Żř�ƢǀƤŰţÏÕ�
Ƅǀŝ�ƾƬǀų�ŢŝƺƏŹ�ƶĩ�Ŷƃ�ƵŵŚƠŤſř�ŶƇŹŵ���ƶºŝ�ŢŞºƀƳ�ƽźŤ

Ţƃřŵ�ŪƳźŝ�ƹ�ƭŶƴĭ���ŻŚĭ�źŤƄǀŝ�śŸū�ŜŞſ�ƾĭĦƿƹ�Ʋƿř
����ŚºƯźų�ƩƺºƈŰƯ�Ƶŵƺºţ�Źŵ�Ʊō�źŤưĩ�ŷƺƠƳ�ƶŬǀŤƳ�Źŵ�ƹ�ƱŻř

ƾƯ�ŵƺƃ����ƲƿřźŝŚƴŝƾƯ��ŢƠĭ�Ʊřƺţ�ƶƧ���ƱŻř�ŻŚºĭ�Żř�ƵŵŚƠŤºſř
���ŵŹƺºƯ�ƽŹŚºŞƳř�šŚƟō�ƶǀūƺţ�ƪŝŚƣ�ƹ�śƺƬƐƯ�ƩźŤƴĩ�ƲưƋ

ƂƿŚƯŻō��ƾƯ����ŢºƀƿŻ�ƹ�ƾŤºƃřŶƸŝ�źºƔƴƯ�Żř�ŶƳřƺţ���ƾºƐǀŰƯ
�śƺƬƐƯŵŵźĭ�ƾƤƬţ��ƹƾƳřźĮƳ�ƂƷŚĩ��ƽźºƄŝ�ƖƯřƺū�ƽŚƷ�

ƶŝ�řŹ�ŶƃŚŝ�ƶŤƃřŵ�ƵřźưƷ���
��
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ŶƳŵƺưƳ�ƽŹŚƿ�ƢǀƤŰţ�Ʋƿř�ƭŚŬƳř�Źŵ��ƾƯ�źĪƄţ�ƺƃŵ� 
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