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ïGõ9å9íEíWïGí9Û9ôkÎ9í3ï0ó Î9íWïGå Î9íWïGî Ì�ï8ÌË.ßlêQåuòQÇ�Ì%í9í Ü9åCõ�Ì²å9õ9ð9í ó.í�Ì9Ì²åCî9î9Û ó.ôlóQõWïGõ9å9íEíWïGÜ9í9åkÎ9í3ïGð í3ïGð Î9íWïGå í3ï0óË.ßlêQõìënÊlÒ9È9Ñ.ÊCà*â Û9îCí9î å9î9å9Ü Ü9õ9ð9ô åCî�Ì%î Ü9Û9íCôWïGôló=Ì:íWï0ó.î9í ó!ïGô Ì�ïGî Î9íWï8Ì Ì�ï8ÌË.ßlêQõìënÊlÒ9È9Ñ.ÊCà*â î9ÜYÌ%í î9ðló9ó Ì%Û�Ì%å ÜYÌ%í9î Ü9Û9íCôWïGôló=Ì:íWï0ó.î9íkÎ�Ì�ï0ó Î9íWïGÛ Î�Ì�ïGõkÎ9í3ïGõË.ßlêQõìënÊlÒ9È9Ñ.ÊCà*â îlóQå9ð Ü9Û9Ü9ô Ü9í9ð9õ ôCå9ð9ð Ü9Û9íCôWïGôló=Ì:íWï0ó.î9íkÎ�Ì�ïGÜ í3ïGí Î9íWïGõ î3ïGÜËQßlê.õ/ò.Ç�Ì õYÌ(ó Ì9Ì%Ü9å ô9í9ðló Ì8í9Û9õ Ì%Ü9ÛCõWï0ó.ð9åEíWïGî9å9ðkÎ�Ì�ïGõ Î9íWïGô Ì9Ì�ï0ó2Î9í3ïGõË.ß�ê.õ/ò.Ç�Ì%í õCð9ô ð�ó.ô î9õ9å9õ ô9å9î Û9õCîWï0ó.Ü�Ì:íWï8Ì%õ�Ì'Î9í3ïGõ Î9íWï0ó ôWïGîkÎ�Ì�ï8ÌË.ßlêQõuòQÇ�Ì%í9í ô9íCÜ9õ ð9Üló.Û ô9ð9å9î�Ì%í�ó9ó.Û õ9Û9îYÌ�ïGõ9å9íEíWïGî9å9íkÎ9í3ïGð í3ïGî Î9íWïGå Ì�ï8Ìä9É.ßkð9îlóQî9åkå9î9Û9åló2å9îCô9ô9Û/å9í�ó.ð9õkå9Û9ô9ÜCÜWïGõ9å9íEíWïGí9Ü9å Ì�ïGÜ Î9íWï0ó Î9íWï0ó2Î9í3ïGåë�ßlÒ9Ë�Þ8Ë.ß/Ü9å9åCí�Ì'î�Ì%ô9î9Ükî�Ì8å9å�Ì~î9îCí9ð9õkî9å�Ì%ÛCíWïGå9í9íEíWïGí�Ì%ð Ì�ï0ó Î9íWïGå Î9íWïGåkÎ9í3ï0ó
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û#ßlê2å û#ßlê2õò.Ç�Ì ò.Ç�Ì8í ò.ÇYÌ%í9í òQÇ�Ì ò.Ç�Ì%í ò.Ç�Ì8í9íÎCÎ9Î9Î9Î9ÎCÎ9Î9Î9Î9ÎCÎ9Î9Î9Î9Î�Î9Î9ÎCÎ9ÎlÎCÎ9Î9Î9Î�Î9Î9Î9Î�Î9Î9ÎCÎ9ÎlÎCÎ9Î9Î9Î�Î9Î9Î9ÎCÎö.ÊlÚ+Ó�×*Ö9â#ÝÆ.Ç�È9É.ÊlË�Ì ÎCíWï0ó.íló íWïGÜ9åCð Ì�ïþÜ9Ü9ð Î�Ì�ïGí9Û9Ü Î�Ì�ïGÜlóQð íWïGÛCÛ9åÆ.Ç�È9É.ÊlËkî ÎCíWï0ó.î9Ü íWï8Ì%ÛCÛ Ì�ïþîló.ð Î�Ì�ï8Ì%î9î Î�Ì�ï0ó.ÜCô íWïGõCÛ9îÆ.Ç�È9É.ÊlËkÜ ÎCíWïGÜ9ô9õ íWïGî9î Ì�ïþî Î�Ì�ïGí9î9ð Î�Ì�ïGÜ9ÛYÌ íWïGõCí9õ×*Ö9âÆ.Ç�È9É.ÊlË�Ì í3ïGô9ô9õ Ì�ï0ó.Ü ÜWïþð�Ì íWïþÜ9Ü9å íWïGî9ô îWïGõCílóÆ.Ç�È9É.ÊlËkî í3ïGô9å9å Ì�ïGî9îYÌ ÜWïIó.ð9Ü íWïþÜ9î9ô íWïGî9Ü9ð îWïGîCí9õÆ.Ç�È9É.ÊlËkÜ í3ïGô9Û9î Ì�ïGîlóQõ ÜWïþÜ9î�Ì íWïþÜ9å9ð íWïGîló.Û îWïGíCî9ð
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ïGÛCõ9í�Ì(ó9ó
ïGíCÜ9îë�ßlÒ9Ë�Þ8Ë.ß ó Ì%í�Ì%õ9ð9ôCôWïGí9í9íEíWïGî9õ9ð ÜWïGÜCÛ9í î9ÛWïGôCô9õÎ9Î9ÎCÎ9Î9Î9Î9ÎCÎ9Î9Î9Î9ÎCÎ9Î9Î9Î�Î9Î9Î9ÎCÎlÎ9ÎCÎ9Î9Î�Î9Î9Î9Î9Î�Î9Î9ÎCÎ9ÎlÎCÎ9Î9Î9Î�Î9Î9Î9Î�Î9Î9ÎCÎ9ÎlÎCÎ9Î9Î9Î�Î9Î9Î9ÎCÎlÎ9ÎCÎ9Î9Î�Î9Î9Î9Î9Î�Î9Î9ÎCÎlÎ9ÎCÎ9ÎÆ.ÇlÈCÉ.ÊlË2î9Îlö9ÙCé/ö.ÊlÚ�ÓGá#Ç9à9à/ÏCÊlÐ9Ò9È�â*ÝÎ9Î9ÎCÎ9Î9Î9Î9ÎCÎ9Î9Î9Î9ÎCÎ9Î9Î9Î�Î9Î9Î9ÎCÎlÎ9ÎCÎ9Î9Î�Î9Î9Î9Î×lÐlçCç#ßlÑ9êk×�È.ßlÈ�Þlâ�È�Þlë9âÎ9Î9ÎCÎ9Î9Î9Î9ÎCÎ9Î9Î9Î9ÎCÎ9Î9Î9Î�Î9Î9Î9ÎCÎlÎ9ÎCÎ9Î9Î�Î9Î9Î9Î9Î�Î9Î9ÎCÎ9ÎlÎCÎ9Î9Î9Î�Î9Î9Î9Î�Î9Î9ÎCÎ9ÎlÎCÎ9Î÷9É�Þ8È�ÞDàlË.Ç�Ó�Ï9Ê9Çlø!ï@Ê�ø|éQßlÑ�ÞDßlÈYÞDÊlÒ=ÝnùÎ9Î9ÎCÎ9Î9Î9Î9ÎCÎ9Î9Î9Î9ÎCÎ9Î9Î9Î�Î9Î9Î9ÎCÎlÎ9ÎCÎ9Î9Î�Î9Î9ÎÔlè.Ç�Ñ.ß9à9àWú íWïGîCôlóû#ßlê2å2Ï9ÊlÒ9È9ÑQÊ9àWú íWïGÜCô9Ü û#ßlê2å|æCÑ.Ç9ßlÈ.Ç�Ë
ú í3ï8Ì%Üû#ßlê2õ2Ï9ÊlÒ9È9ÑQÊ9àWú íWïGÜCÛ û#ßlê2õ|æCÑ.Ç9ßlÈ.Ç�Ë
ú í3ïGî�Ì%ðÎ9Î9ÎCÎ9Î9Î9Î9ÎCÎ9Î9Î9Î9ÎCÎ9Î9Î9Î�Î9Î9Î9ÎCÎlÎ9ÎCÎ9Î9Î�Î9Î9Îñ�ú å9ô ñ.ä9Ñ�Þ�ç#ÇWú åYÌ�ïGå�Ì(óñ�ü/ý�Ó#ïGÛ9Û9å�Ý�ú å ñ�ü/ý�Ó�ïþÛ9Û9Û9å�Ý�ú îÎ9Î9ÎCÎ9Î9Î9Î9ÎCÎ9Î9Î9Î9ÎCÎ9Î9Î9Î�Î9Î9Î9ÎCÎlÎ9ÎCÎ9Î9Î�Î9Î9Î9Î9Î�Î9Î9ÎCÎ9ÎlÎCÎ9Î9Î9Î�Î9Î9Î9Î�Î9Î9ÎCÎ9ÎlÎCÎ9Î9Îù/÷CÉ�Þ%È�ÞDà�Ë.Ç�Þlâ4Æ9ÙlûìÇ*â�È
ï�Êlø�È9ÉQÇìâ�È9Ë
ïRË.Çlè
ï�ÊlÒ2à9Ê�Ú âCë�ß9à9ÇwÓ%ë�Ê�Ñ9Ñ.Ç*âDäQÊlÒ9Ë�â:È.Êÿ.Ïlé2ÊlÒìÊlÑ�Þ%Ú!ï@â9ë�ß9àCÇ�Ý×lÈ�Þ�ç.Ð.à9ßlÈYÞDÊlÒ�ÖDÒCË�Þlë�Ç*âû#ßlê2å û#ßlê2õ ÷.Ê*âQÞ%È�Þ%è.ÇEÏ9ÊlÒ9È9ÑQÊ9à*âò.Ç�Ì ò.ÇYÌ%í/ò.Ç�Ì%í9í ò.ÇYÌ ò.Ç�Ì%í/ò.Ç�Ì8í9í ä9ÉQßìënßlÒ9Ë�Þ%ËQßà9ÊlÚ+Ó�×*Ö#Ý~í3ïGî9ô9í�Ì�ïGðCå9ô�Ì�ï0ó.å9íkÎ9í3ïGí�Ì%ÜJÌ�ïGð9í9å�Ì�ïGðYÌ%Ü åWïGílóQí ÜWïGÜ�Ì8å×.ÖJÌ�ïGî9Û9õkôWïGÜCÛ9ð/ó
ïGî9ôló íWïGÛ9ðCõ|ô3ïGí9ð9îkôWï8Ì8Ü9í Ì%åló!ïGåló.Ü î9õWïGå�Ì8Û
ö.ÊlÚ�ÓGá#Ç9à9à/ÏCÊlÐ9Ò9È�â*Ý ×lÈ.ß�Ò9Ë.ßlÑ9ËYÞ%ý.ÇlË>Õ*Ç*â.Þ%Ë9ÐQß9à*âÕ*Çlä=Ì Õ#Çlä.î Õ*Çlä.Ü Õ#Çlä9ókÆ.ÇlËYÞDßlÒ2×9ÎlÆ9Ù�û Õ+Ì Õ#î Õ#Ü Õ.óË.ßlêQåìënÊlÒ9È9Ñ.ÊCà*â ðWïIó.î9î ð3ïGí9Û9õ õWïþÛ9î9ð õWï0óCó9ó õWïþå9Ü9ÜkíWïGÜ9ôCÜ ÜWï0ó îWï8Ì Ì�ïGåkÎ9í3ïGÜË.ßlêQåìënÊlÒ9È9Ñ.ÊCà*â õWïþô9î�Ì õ3ïGÜ9å�Ì²õWïIó.ð9î ðWïGîCî9Ü õWïþå9Ü9ÜkíWïGÜ9ôCÜ íWïGÜ ÎCíWïGõkÎ9íWïGî î3ïGôË.ßlêQåìënÊlÒ9È9Ñ.ÊCà*â õWïþîló.ô õ3ï8Ì%Ü9õ õWïþå9ô9ô õWïGåCí�Ì õWïþå9Ü9ÜkíWïGÜ9ôCÜ|ÎYÌ�ï8Ì ÎYÌ�ïGå íWï8Ì'Î9í3ï8ÌËQßlê.å/ò.Ç�Ì²õWïþõ9å9ð õ3ïGð9î9ð õWïþô9õ9ð ðWïGíYÌ%å õWïþõ9Û9ÜkíWï8Ì%îCÛ|ÎCíWï8Ì íWï8Ì'Î9íWï0ó í3ïGðË.ß�ê.å/ò.Ç�Ì%í ÛWïIó.î9ô Û3ïGå9Ü�Ì²ðWïþÛ�Ì%Û ÛWïGÜCå9î ÛWïþÜ9ð9ÛkíWï8Ì%åCÜ íWï8Ì íWïGåkÎ�Ì�ïGðkÎ9í3ï8ÌË.ßlêQåuòQÇ�Ì%í9í ðWïþÛ9ôló Û3ïGå9î9ô ðWïþõló.Û ÛWïGíCí9Ü ðWïþÛ9ð9ÜkíWïGî�Ì8ð|ÎCíWï8Ì îWï8Ì'Î9íWïGÛ í3ï8ÌË.ßlêQõìënÊlÒ9È9Ñ.ÊCà*â õWïþô9îló õ3ïGÛ9î9Û õWïþÛ9ô9ô ðWïGîCÜ9õ õWïþÛ9ôló2íWïGÜ9ÛCí|ÎYÌ�ïGÜ ÎCíWï8Ì²íWïGí Ì�ïGíË.ßlêQõìënÊlÒ9È9Ñ.ÊCà*â õWïþôló.í õ3ïGå9õló ðWïþÜ�Ì%ô ðWïGíCô9ô õWïþÛ9ôló2íWïGÜ9ÛCí|ÎYÌ�ïGî ÎYÌ�ïGå Ì�ïGÜ í3ï0óË.ßlêQõìënÊlÒ9È9Ñ.ÊCà*â õWïþÛ9ô9î�Ì9Ì�ï8Ì8î9Û õWïþõ9Üló õWïGÛCõ9ð õWïþÛ9ôló2íWïGÜ9ÛCí íWïGí Ì8îWïGíkÎ9íWïGÛ í3ï8ÌËQßlê.õ/ò.Ç�Ì²ðWïþí9î9å õ3ïGî9å9í õWïþð9õ9õ ðWïGõCð�Ì õWïþÛ9å�Ì'íWïGô9ôCÜ íWïGÜ ÎCîWïGõkÎ9íWïGÜ Ü3ï8ÌË.ß�ê.õ/ò.Ç�Ì%í�Ì%íWïþí9ô9í Û3ï0ó.Û9õ ÛWïþõ9Ü9å ÛWïGðCíló ÛWïþõ9ô9ÛkíWïGî9ôCî Ì�ï8Ì²ÎYÌ�ïGíkÎ9íWï8Ì²í3ï8ÌË.ßlêQõuòQÇ�Ì%í9í ÛWïþð�Ì%Û Û3ïGõ9Ü9å ÛWïIó.í9õ ÛWïGÛCå9ð ÛWïþõ9õ9õkíWï8Ì%ÛYÌ íWïGî ÎCíWïGîkÎ�Ì�ï0ó í3ïGõä9É.ß�Ì9Ì�ïþð9ð9Û�Ì9Ì�ï0óQð9åJÌ9Ì�ï(Ì%î9î�Ì9Ì�ï0óQô9åJÌ9Ì�ïIó.õ9åkíWïGÜ�ÌCÌ Ì�ïGô íWïGíkÎ�Ì�ïGÜ í3ïGíë�ßlÒ9Ë�Þ8Ë.ß ÛWïþð9å9Ü Û3ïGôló.ô ÛWïIó.ålóÍÌ%íWïGíCÛ9å ÛWïþõló.ÛkíWïGÜlóQî íWï0ó ÎCíWï0ó2Î�Ì�ï8Ì Ì�ïGÜ
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û#ßlê2å û#ßlê2õ ÷.Ê*âQÞ%È�Þ%è.ÇEÏ9ÊlÒ9È9ÑQÊ9à*âò.Ç�Ì ò.ÇYÌ%í/ò.Ç�Ì%í9í ò.ÇYÌ ò.Ç�Ì%í/ò.Ç�Ì8í9í ä9ÉQßìënßlÒ9Ë�Þ%ËQßà9ÊlÚ+Ó�×*Ö#Ý~í3ï8Ì%å9å�Ì�ïGôCô9Û�Ì�ïGÜ9ð9ôkÎ9í3ïGí9î9ÛJÌ�ïGõ�Ì%ð�Ì�ïGôCõ9Ü ó
ïGÛlóQå ÜWïGî�Ì8õ×.ÖJÌ�ï8Ì%ô9ðkåWïGÜCí9ðkÜWïGÛ9Û9ð íWïGÛ9õYÌ-å3ïGå9õ9ÜkåWïGÜCî9Û Ì(ó.í3ï0ó.î�Ì îló
ïGÛló�Ì
á*Ç9à9àkÏ9ÊlÐ9ÒCÈ�â ×lÈ.ß�Ò9Ë.ßlÑ9ËYÞ%ý.ÇlË>Õ*Ç*â.Þ%Ë9ÐQß9à*â

Õ*Çlä=Ì Õ*Çlä.î Õ#ÇläQÜ Õ#Çlä9ó ��Þ8È9È.ÇlË2×9ÎlÆCÙlû ÕqÌ Õ#î Õ*Ü Õ.óË.ßlêQåìënÊlÒ9È9Ñ.ÊCà*â óQåló.õ ÜCî9ð9å î9õ9õ�ó Ì%õ�Ì%í îYÌ(ó.ðWïGÛCð9í/íWïGîCð�Ì ÜWïþÜ Ì�ïGô íWïþÛ|ÎCíWïGôË.ßlêQåìënÊlÒ9È9Ñ.ÊCà*â îCíló=Ì Ì8å9å9ð Ì%õ9õCô Ü9õ9î9å îYÌ(ó.ðWïGÛCð9í/íWïGîCð�Ì~Î9íWï(Ì²Î9íWïGðkÎ9íWïþå îWïGîË.ßlêQåìënÊlÒ9È9Ñ.ÊCà*â Ì�ó.í9Ü Ì8î9å9ð Ì%Û9ÜYÌ Ì%ð9í9Û îYÌ(ó.ðWïGÛCð9í/íWïGîCð�Ì~Î�Ì�ïþí Î�Ì�ïGîkÎ9íWïþÜ|ÎCíWïGåËQßlê.å/ò.Ç�Ì îCÜló=Ì îCå�Ì9Ì²î�Ì%ôCí Ü9í9î9å îCå9í9ÛWïGîCå9í/íWï8Ì8î9í/Î9íWïþî íWïGíkÎ9íWïIó íWïGôË.ß�ê.å/ò.Ç�Ì%í Ì%î�ó.í9å�Ì%Ü9õ9õCå õló.õCôHÌCÌ%å9î9ô Ì9Ì�ó.í9õWïGôCõ9ð/íWï8Ì8ô9Û íWïþÜ íWïGôkÎ�Ì�ïþí íWïGíË.ßlêQåuòQÇ�Ì%í9í õCð�Ì(óÍÌ%Ü9õ�Ì8å ô9Ü9íCÜ ð�Ì%î9Û ðCå9Û�Ì�ïGåYÌ%Û/íWï8Ì8ð9î/Î9íWïþÜ Ì�ïGðkÎ9íWïþð|ÎCíWïGîË.ßlêQõìënÊlÒ9È9Ñ.ÊCà*â îCíló.õ îCõ9õ9ô î9ð9ðCî Ü9õ9õ9Û ÜCî�Ì%õWïGÜCÛ9ð/íWïGÜCÜlókÎ�Ì�ï(Ì²Î9íWï0ó2Î9íWïþÜ íWïGåË.ßlêQõìënÊlÒ9È9Ñ.ÊCà*â îCí9õ9Û Ì8Ûló.ô ó.í9ðCð Ü�Ì%ð9Ü ÜCî�Ì%õWïGÜCÛ9ð/íWïGÜCÜlókÎ�Ì�ïþí Î�Ì�ïGî íWïþð íWïGíË.ßlêQõìënÊlÒ9È9Ñ.ÊCà*â îCð9ô9Ûkô9ð�Ì%ÜCî î9î9ðCå î9Û�Ì%å ÜCî�Ì%õWïGÜCÛ9ð/íWïGÜCÜlókÎ9íWïþÜ å9ÛWïGÛkÎ9íWïþÛ|ÎCíWïGÜËQßlê.õ/ò.Ç�Ì ÜCí9å9ô Ì�ó.í9ð î9ô9ÜCô ô9å9í9Û ÜYÌ%îló
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ORISE LPT CULTURE ASSAY

I.  Culture Method
• Heparinized blood (~15ml)
•Ficoli-hypaque centrifugation

• Separated lymphocytes

II.  Beryllium Challenge
• 2.5 x 105

8
lymphocytes per well

• 96 well flat-bottomed microtiter
plates9

III. Harvest Method (day 5 and day7)
• Add tritiated thymidine (-8:00 A.M.)

(1µCi/well sp. act. 5-7 mCi/mMol)

• Freeze plates at -20°C (-4:00 P.M.)

•Perform 30 min counts on Packard
Matrix 96 gas ionization counter

IV.  Data Reduction
• CONTROL
:

 WELLS
12 replicates - drop outlines

calculate mean +/- cv;

• Be TREATMENTS
4 Replicates drop 1 outlier
<
calculate mean +/- cv;

• STIMULA
=

TION INDEX = (SI)
>

        mean Be treated
mean control

RPMI 1640 Medium
10% pooled human serum

antibiotics

Beryllium
Sulfate(µM)
?

0
1
10
100

PHA(30µg/ml)
CON
@

A(10 µM)

#Replicate
A

WellsB
12
4
C
4
4
4
4
C

Day 
of Harvest

5, 7
5, 7
5, 7
5, 7
D

5
5
D SI =

=

mM�!v#"�6%�FEHGJI��@?*KML����ON�PRQ�"<�!�%"+6%� M &%&��97
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mM�!�%�%�96!$}�*$3�96�&M�.6%��1=��"(���%�¸�ß�%�&�j��1=�þ���Þ�%���}�ú���86��BL ��¶ vN�#&Æ�%���(�B<������!���:1=�#"(���%�96�z*)A�(�I1n�&H�B5>"<�!�������Q�#"3&H�B7�6%�Q1=��6j��&�1=��"(���D&Þ���}��1=�#"(���D& S $3�96 S 5��%�q"(�8�')��!�8�¼�����%�Q�}�<�����~�9686���6�& ,7�#6���#1n�2)��Q�%��m~���.1��*"3&����%�+���ú���86��BLyQP�#"(���%�96n�0&n��vN�#&�!���<�;<������!����"(�<�!�Qz}���<�;7��%�(�Y&(�'F3�Q�j�
�q�.1��Q7+&a�8�}���n�.6%���95��%���8���\���A6��!v��������(v��B�.&w���\�8���:&("�6�,���1l�ny}�!�8�96�$}�����*6%�Þ�q���%�.1=�8�������}�
6%�Q1=��6j�q���{m�P��q"3&Uz(�%��� &(�Q�3&h�!���uk��!��7��.,G�8����!�K&H�%68"�5/�Q���P�!���=�Q�%�.1U���!�<v~1U��"(���D&w�I&�1=���3&H�I�q�96 S�*F<�;7Ý�B�.&%&��%�������%�}����*, ���!�Ir�"(�I�k&%1=�%�&���!�!�I�����!���21=�#"(���%�96'v��*F}��"<�vw �,+ �*,N�95��I&%&H�%���3&n�*68�
�q�Q�8�.1=�8����"3&H�%�(vú�%�+��vT��&��!���(�;<¸�����%����"(�(�%�lzcmkm(�#6��%�<�0&@6%���#&H���LzP���%�s$<�����8�.&��.6%�E1=��"<�&�8���
,7��6x�%���(v#�96@$3�96��%����&�*,����B5/��������1C1l"�54"(�����%���Q�(�#"(v��Í1=��"<�&��&�,7�#6�&H�j�����0&H���01Q���P��1C1l"�6��#1l7nm
?���"(���!���Q�B7NzL���!��$(�I���8�.&�1=���������!�(�%�(v21=�����%6�����)��Q�%�0&n���}��)��Q�%�0&@1D�}���%�;�Q�<v����kFq7JF3�9687&�%�!�;"+5
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�&���
�C6%�Q����F(�!�N���\�����(�#6D&=z�)N��6��#"(���%���Q�B7�!�(�%���I���%�rO S �(�97\�����z� S �(�97ñ�8�.&H��&Æ���\�;7=5/$��(�=1�7&�8�.&,G6��#5
�/&��9$}�.6����8���&���<��6D&�����|&h�!�(v��;�Þ�%�.&h�@$(�����%�nm�P����'$(�I���%�:5��*$æ�%�}����)��~6���"(���!�����;7
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Patient #1 Patient #2 Patient #3

C C C C C C C C C C C C

C C C C C C C C C C C C

C C C C C C C C C C C C

Be10 Be10 Be10 Be10 Be10 Be10 Be10 Be10 Be10 Be10 Be10 Be10

Be100 Be100 Be100 Be100 Be100 Be100 Be100 Be100 Be100 Be100 Be100 Be100

*Be1 Be1 Be1 Be1 Be1 Be1 Be1 Be1 Be1 Be1 Be1 Be1

P#1 P#2 P#3

 1        2        3        4        5        6        7        8       9       10      11      12     

 1       2        3        4        5        6        7        8       9       10      11      12     

A

B

C

D

E

F

G

H

PHA

PHA

PHA

PHA

ConA

ConA

ConA

ConA

PHA

PHA

PHA

PHA

ConA

ConA

ConA

ConA

PHA

PHA

PHA

PHA

ConA

ConA

ConA

ConA

A

B

C

D

E

F

G

H

*Beryllium Sulfate 1,10,100 µ Molar Solutions

mM�!v#"�6%�FE9O�I���?*KML���NG�����%�g�ú�*$K&s,7��6��ON�P M &%&��Q7|m
P��(�I&ñy}v�"�68�æ�&�0&�$(���97+&��%���k$(�I���%�C5��*$J,7��6��!�(�%���I�����%�(vH�ON�P ,7�#6�� ��t�?����&v#�����96%7��!�%�;"�5
����6�t��C6D&3m�Q��Q�%�0&�,G6���5��/$W�C6D&H���3&x�*68�41l"(�!�8"�6%�¸�Ý���ú�%�+�4&��*5E�~5��I1l6������!�8�96A$(�I���%�|m�Q��Q�%�0&
,G6��#5�NG�����;�Q���VEÞ�*68�~$(�B$W�����%�¸�Ò�%�&���41=���B"�5��3&VE S G��
1��Q�!�I&r,G6��#5�NG�����;�Q���~w�zW�%�&���41=���B"�5��3&O SeÖ �}���}�k1l�Q�%�0&p,G6��#5�NG�����B�Q�&���&z��!�����'1U���;"+5��3& ��S E�w�m�?��.)R& M ���}�k�p�.6%��B�l,7��F(�����(t����
5����(�!����6�F}�#1¶t�v�6���"(�}�'1U��"(���D&M�%���8���A1l"<�!�%"+6%�N&(7+&H�8�956m�?��.)R&x�z'Qnz��������Ã�*6%�N6%�9$<�!�01����%�
&(���D&w�*,r1=���&�86����!)��Q�%�0&Uz�)A�+�96%���#&�6��.)R&~��z3mwz(���}�Ýui1=���&�j���%�/F3�96%7��!�%�;"�5»1=���31l�Q���%6j�����!���K&
�*,}E�z�E � z}���}��E ����! � 68�.&($3�.1=���uk��Q�B7nm�P����x�%�*)N�96��}��� ,C�*,C�8���ly}v#"�6%�Þ�q�95 ���3&h�%6����%�.&G�8���
$(�I���%�C5��*$>,7�#6l�%�(�!���������!�<v'1l"(�%�%"�68�.&s)��%�%�2$��q7����#���95���v�v��;"(���!�(�%���#6-QP��� M m
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PROTOCOL #: 1 NAME: Ac.coh  10-JUN-93 12:01
TIME
�

30:00
�

ELAPSED TIME 30:00
�

1 2 3
�

4 5 6 7 8 9 10 11 12
1-A: 57 47 48 52 126 68 99 69 27 37

�
36
�

1 -B : 515 881 489
�

303
�

191 260
�

673 382
�

1300 1451 3353
�

127
1-C: 535 742 1602 676 310

�
420
�

251
�

669 2850
�

1368 634 1478
1-D: 923 570 510 568 253 550 333

�
439 540 1654 1487 1330

1-E: 17700 10749 19080 18855 696 372
�

270 434 1236 1991 1173 1743
1-F : 19197 27501

�
27280
�

31033
�

286
�

383
�

758 1369 1175 1591 1617 1877
1-G: 21083

�
38090
�

45938
�

29685
�

454
�

428
�

366
�

654 1772 2415
�

2766
�

3737
�

1-H: 41 63 52 75 66 83 91 43 49 44 31
�

24

mM�!v#"�6%�FE ¶ I�P�7q$<�01Q����N�6��%�&����"(�VL��+�9�Q�D&w�.,}������~,G6���5�P���6%�9�g�l���!�96%�Q���~K��}���uk����q"}���0&Hm
P��(�I&ay}v�"�68�\�&�I&($(�I�97�&�� ��7=$(�01Q���
$�6��!�����#"(�R&(���C�Q���*,à�(���j� ,G6���5 �8��6%�C�������!�96%���&���!�}�&�rk&�I� S"}���0&3m�P������%�.&h�\�0&Þ�JO S �(�97�$<�����8�Nz�1=�#"(�&�8��� ,7�#6F� � 5��!��m�����j���.6%�2&(�(�.)��÷��&\���������
1=�#"(�&��&3m�NG�����;�Q���.E��&�I&($(�I�97�&\��$�6����(�#"(�31l�¸� 68�.&($}���3&(�æ�������%�~�ú�;��k����0&�,7��6'F3�9687&�%�!�;"+5
1D�}���%�;�Q�(v#���/)��Q�%�0&Uz�)A���96%�¸��&VNG�����B�Q�&�*� �q�95����3&H�86����8�.&��(�%v����96n�;�sk��Q�0&w�.,N1=��"<�&��&l�!�ì1=��� S�%6�����)N�Q�!�I&=z�F+"(�����0&h�Þ�q�95����3&H�86����8�.&M�(��68�.&($}���K&(�n����F3�96%7��!�%�;"�56m��l�;68�.1=�Å1=��5/$��*6��I&H���3&G�*,
�(�����PF3�Q��)N�9�Q���%���n�%��68�9�A$3�96D&h���3&A1����4FW��6%�����&�!�B7~5����q��,G6��#5 �~&H�%�(v��B��$+6��!�����#"(�N&(���C�Q��m
P��(�I&�*$�$+6��N�#1n��6%�¸���&�%�;7æ���%�!�.)R&�1=��5/$��*6��I&H���3&l�*,�1=�#"(���D&�)��%�%�(�%�J6%�9$(�%�01Q���%�Þ�%6%�¸���%5E�Q�&��&
,7��6n�;7=5/$��<�=1l7&�8�.&p,G6��#5 �%���:&��*5/�x�����(�#6Qzþ��&A)��Q�%�L��&R1=�#5/$}�*6��0&h���3&w�.,G�%�&�8�96 S �!�}���uk����q"}���k��*6����*F<�!�!�%��7��%��1U��"(���D&�F3�Q��)��C�Q���&���
�C6%�Q���R&("�F��%�Q1=�D&Hm
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 08-JUN-93 10:48
TIME 30:00

�
ELAPSED TIME 30:00

�
1 2 3

�
4 5 6 7 8

�
9
�

10 11 12
1-A: 36

�
30
�

25
�

33
�

55 40
�

51 44
�

60 56 60 54
1 -B : 1734 1603 758 1501 34

�
25
�

37
�

33
�

832
�

6931 1121 670
1-C: 1036 607 2710 523 35

�
33
�

25 36
�

2248 5274 726 1230
1-D: 1018 597 1861 2372

�
34
�

27
�

244
�

23
�

1854 896
�

1566 5718
1-E: 7336 3841

�
4513 4343 52 33

�
42 40 28604 3092

�
16175 20088

1-F : 3145
�

6285 1628 1850 40
�

37
�

40
�

46
�

31880
�

36893
�

6556 48059
�

1-G: 3730
�

9293
�

18045 6304 49
�

37
�

43
�

38
�

22735
�

49557
�

18859 31056
�

1-H: 90
�

97
�

68 86
�

54 45 42 46 25 66 64 37
�

 10-JUN-93 12:01
TIME
�

30:00
�

ELAPSED TIME 30:00
�

1 2 3
�

4 5 6 7 8
�

9
�

10 11 12
1-A: 37

�
33
�

33
�

31
�

31
�

32
�

43
�

37
�

46
�

35
�

56 37
�

1 -B : 1910 3867
�

1433 1371 36
�

41 26 44 3007
�

968
�

2460 4952
1-C: 1360 3474

�
14034 1659 47

�
40
�

35
�

35
�

3531
�

16753 1131 5535
1-D: 1336 1391 1096 6996 25 29 37

�
26 3002
�

20512 3036
�

5312
1-E: 10028 1784 13968 3306

�
39
�

32
�

39
�

50 52721 91752
�

32199
�

1115
1-F : 15032 5155 2105

�
5255 60 39

�
34
�

48
�

23931
�

21429
�

15385 12076
1-G: 14231 4622 8587

�
7924 50 35

�
38
�

50 17279 43695 25714 13323
1-H: 55 81

�
57 50 73 27

�
28
�

51 72 78 65 82
�

mM�%v�"�68�FE��nIN?A�9$3������Q�"(�!�8"�6%�Q&s,7��6n�FNp�96D&h����m
P��(�I&Óy�v�"�68��68�9$�6%�Q&(�Q���D&p68�9$3�����N1l"<�!�%"+6%�.&o,7�#6��P$3�96D&h���4)A�(���%�(�!�������!�;7:&��(�.)������@$W�Y&H�%���uk��
6%�Q&($}���3&������kF3�9687&�%�!�;"+56m~m(�#6ñ�8�(�0&�&(�Q�x�*, �<������zM�8���'$}�����;�Q���9 µ&@1l�Q�%�0&�)N�96%�41�"(�!�8"�6%���Ý�%�
1=���;"�5��K&�E S G����}���!� ��S Esw&zq)��%�%���8���R5����(���;��,7��6N1=���;"�5 �3&�FW���!�(v:F(�����(t{m�P����@$}�����B�Q�&�C ¡&1l�Q�%�0&�)N�96%�E1l"(�%�%"�68���ú�!����)w����7=$W�Q&ñ�*,�&��96%"+56�L��m �|m!z��������ñ�%�}��1U���uk����%�������'O ¶ 1 2d,7��67� �5��%�LzP���}�À�%�À�8���J&��*5/���!�����., &(�96j� )A�(�I1n���}���À�(���EFW�C�Q�]���¸�����!�}�#1=���rk����%���Ome l���8�
$�6����(�#"(�31l���æ�&���!�968�Q�31l� �!���%���x�B��k��Q�}�*,�68�.&($}���3&(�:FW���()N�9�Q���8���x��)w�\��7q$3�.&w�.,N&(�C6���m
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�®�¯�°]±*®V²0³t´VMµ�¯�±*�¶}·V¯�M¸~®
¹Hº�»�ºj¼�º'½{¾H¿jÀ�ÁcÂ
ÃjºVÄ�ºjÅ,ºÆ»xÁcÀ4ÇÈÁÉ¿jÂ
Êjº�»�º�Ë'ºÆ»l¾cÌ�¿jÍÎ¿jÏ
ÐÉÑ�Òjº�¼ÓºÆÔ$ºjÕ�ÀX¾3Ö*×
Øjº�Å,ºjÙ�ÁcÀ4ÀX×�Ú4Ú
¹qÛjº�Õ{º�ÜxÁcÀXÚ4Ö�ÁÉ¿
¹H¹Hº�Ý�º�Þtº�ËH¾3¿j×�ß
¹qÃjº�Ù¦ºj»}º�àx×�À4À
¹qÊjº�½xº�á�ºÆÔ,ÍâÚ4ÚXÇÎ×
¹�ÐÆº�Ù¦ºjÔ$ºjÔn¾cã3×
¹qäjº�å�ºj»}ºjåæ¾HÀXÀ4ÍÎß
¹qçjº�½xºj¼ÓºÆÝlÇÎÍâã3×�À
¹qèjº�Ù¦ºjÝ]ß4ÚXÀ4¾Héjê�ëj¾cã

¹qÒìÑ�ÃHÃ�º�Å�ÚX×�íjëÆÁc¿�Íâ×�îlÁcï�ð
ÃHÊ�º�»�ºj¼�ºjî�×�ÍÎê�ëjÇÎ×
ÃcÐ'º�ñJºjÅnºjî�¾3ë�ÌO×�À

ÃHäìÑ�ÃHØ�º�î�ºjÕ{ºjÅ�ÍÎ¿jê�¾cã3×�ê
ÊHÛ�º�½xºj½xº�ÄJÀ(ÁMã�ÍÎß
Êj¹3º�î�ºj½xº�ÞFÁÉÀXÂ
ÊHÃ�ºVËÆº�à~ºjÞòÍâÇÎÇÎÍ�ÁcÖ~ß
ÊHÊ�º�½{×�¿�ÚXÀ�ÁcÇ�î�×�ßX×qÁÉÀXê�ë7Ô,ÍÎïjÀ(ÁÉÀXð
ÊcÐ'ºVàlóôÃ3ä*álíjíjÇÎÍÎ×�ÂvÄ�×�ê(ë�¿j¾HÇÎ¾HÏ3ðgÔnÍõó
ïjÀ(ÁÉÀXð

ÊHäìÑ�ÊHç�º�Ô�ÁÉïÆ¾3À(ÁcÚ4¾HÀ4ð*î�×�ê�¾3ÀXÂjßx»l×�í�º
ÊHè�º�Ô�ÁÉïÆ¾3À(ÁcÚ4¾HÀ4ð*î�×�ê�¾3ÀXÂjßÓÑ�î�½
ÊHÒ�º�ñJÁcÚX×�¿sÚ]ÝÓö*ê�×
ÊHØ�º0÷]ó�¹qÃ�ÄJ×�ê�ëj¿jÍÎêqÁcÇ�Ô,ÍÎïjÀ(ÁÉÀXð

°�øV¯�°]±0®V²*³t´VMµ�¯�±0�¶�·�¯�M¸�®
ÐsÛ�ºVù�ÁÉÀXïÆÁÉÀ(ÁvñJºJù�ÁÉÀX¿ÆÁ�úO½{ÇÎ×�ã3×�Ç�Ác¿jÂ.½{ÇâÍÎ¿jÍÎêVÕj¾3éj¿jÂÆÁÉÚXÍÎ¾H¿�úJûaÖ0Ö~éj¿j¾cíÆÁÉÚXëj¾3ÇÎ¾cÏHð�ú�Ýl¿j×�½{ÇâÍÎ¿jÍÎê
½{×�¿�ÚX×�ÀMúÆØ3äHÛHÛ�¼Jéjê�ÇâÍÎÂVá]ã3×�¿�éj×Hú'½{Çâ×�ãH×�Ç�Ác¿�Â�újÝlÜ6ÐHÐÆ¹MØHäìóôä�¹qÊj¹

ÐÆ¹3ºVËÆºnî�º'ù{×qÁcÇÎÇaúnÝÓö*ê�×}¾ÉüOÜ]×MÁcÇÎÚXëgÁÉ¿jÂ�¼J¿�ãsÍÎÀ4¾H¿jÖ0×�¿�Ú(ÁcÇ�îÓ×�ßX×MÁcÀXê�ë�úJ¼$î�óôè3Ãjú'ý}ºnÅnºn»l×�íÆÁÉÀXÚaó
Ö*×�¿�Ú{¾cü$¼J¿j×�À4ÏHð�ú�ÞFÁcßXë�Íâ¿�ÏHÚX¾3¿�ú�»�½�ÃHÛ3äHÒ3ä

ÐsÃ�ºVþ}º'ù{ÀX×�ß4Çâ¾cÌ�ú�»]×�íÆÁcÀ4ÚXÖ*×�¿sÚl¾cüOù{ÍÎ¾Hß4Ú(ÁcÚ4ÍÎßXÚXÍÎê�ßMú�ýl¿jÍÎãH×�À4ßXÍÎÚaðV¾cüOÞFÁÉßXëjÍÎ¿jÏ3ÚX¾3¿�únÅ�×qÁcÚ4ÚXÇÎ×HúnÞ-á
ØHÒ�¹qØHä

ÐsÊ�º�î�¾3ÏH×�À�Þtº�ù{ÀX¾�ê�ÿH×�ÚXÚqún¼$ñYå�» á]Âjã�ÍÎßX¾3ÀXð�½{¾3Ö*Ö0Í ÚXÚ4×�×}ú'ñJÍÎ×�ÀXê�×�Ü�ÁÉÇâÇaújÃ3Ø~Ý � ür¾3ÀXÂ�Å�Ú4ÀX×�×�ÚMúÜ�ÁÉÀXãHÁcÀ4Â*ýl¿jÍÎãH×�À4ßXÍÎÚaðsúj½�ÁÉÖ~ïjÀXÍÎÂjÏ3×Hú�åVátÛHÃ�¹qÊHÒ
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ùOÀ4¾�¾Hÿnú�þ]×�Ì�÷{¾HÀXÿ�¹3¹qè3ØcÐcóXÒHç3Øj¹

ÒHÒ�ºVþ]×�ã�ÍÎÇÎÇÎ×�åV¾3À(ÁMð�ú�¼$ñ$å-»"á]Âjã�ÍÎßX¾3ÀXð�½{¾HÖ0Ö*Í Ú4ÚX×�×3ú|»l×�í'ÁcÀXÚ4Ö*×�¿�Úx¾cü]åV×�ê�ëÆÁÉ¿jÍÎêqÁcÇ�Ác¿�Âgûa¿�ó
Âjéjß4ÚXÀXÍ�ÁÉÇO¼J¿jÏ3Íâ¿�×�×�ÀXÍÎ¿jÏ'úný]¿�Íâã3×�ÀXß4ÍÎÚaðg¾Éü�ûaÇÎÇÎÍÎ¿j¾HÍÎßqú�¹qÃ3ÛHç0Þ�×�ßXÚ�ÙxÀ4×�×�¿FÅ�Ú4ÀX×�×�Úqú$ýlÀXïÆÁÉ¿ÆÁjú,ûXÔ
çj¹MÒHÛj¹

ÒHØ�º�å�ÁcÀ4ÏsÁÉÀX×�ÚOå�ºHåVÀX¾��Hú�Ý]ê�ê�éjíÆÁÉÚXÍÎ¾H¿ÆÁÉÇ�¼J¿�ãsÍÎÀ4¾H¿jÖ0×�¿�Ú(ÁcÇjåV×�ÂjÍÎê�ÍÎ¿j×]»lÍâã�ÍÎßXÍÎ¾3¿�úMþ�ÁcÚ4ÍÎ¾H¿ÆÁÉÇsË3×�Ì{ó
ÍÎßXë�½{×�¿�ÚX×�ÀÓür¾HÀ�ûaÖ0Ö~éj¿j¾3Ç ¾HÏ3ð}Ác¿�ÂæîÓ×�ßXí�ÍâÀ�ÁcÚ4¾HÀXðVåV×�ÂjÍÎê�ÍÎ¿j×3ú�¹�ÐsÛ3Û�Ë�Ácê�ÿ�ßX¾H¿vÅ�ÚXÀ4×�×�Úqún»l×�¿�ó
ãH×�ÀMúj½�Ý"ÒHÛHÃ3ÛHç

ØHÛ�º�½xºÆî�ºÆåVéjÍÎÀ4ëj×qÁcÂ�úÆþxÁcÚ4Íâ¾3¿ÆÁcÇJî]ÁÉÂjÍÎ¾HÇÎ¾HÏ3ÍâêMÁcÇnñJÀX¾3ÚX×�ê�Ú4ÍÎ¾H¿vùO¾�ÁcÀXÂ�ú|½{ë�ÍâÇÎÚ4¾H¿�ú'»]ÍÎÂjê�¾HÚqú'Ý � ¾3¿Ý���¹H¹xÛHî��ú�ý]¿jÍÎÚ4×�ÂVà�ÍÎ¿jÏ3Âj¾HÖ
Øj¹3ºVÞ5ÍÎÇÎÇâÍ�ÁÉÖ ¼�º�åVé�ÀXÀ(ÁMð�únþxÁcÚXÍÎ¾3¿ÆÁcÇJûa¿jß4ÚXÍÎÚXéjÚ4×�ür¾HÀ�Ýlê�ê�é�íÆÁcÚ4Íâ¾3¿ÆÁcÇ{ÅjÁMür×�ÚaðgÁc¿jÂvÜ]×MÁcÇÎÚXëvÐsç3èHç
½{¾HÇÎéjÖ~ïjÍ�ÁxñJÁcÀ4ÿsÌ�ÁMð*½{ÍÎ¿jê�ÍÎ¿j¿ÆÁÉÚXÍaú�Ý]ë�Íâ¾~Ð�äHÃ3ÃHç

ØHÃ�º�Ôn×�×�Ånºjþl×�Ì�Ö�ÁÉ¿�újÝlê�ê�éjíÆÁÉÚXÍÎ¾H¿'ÁcÇ�¼J¿�ã�ÍâÀ4¾H¿jÖ0×�¿�Ú(ÁÉÇ|åV×�ÂjÍÎê�ÍÎ¿j×}»lÍÎãsÍÎß4Íâ¾3¿�ú3þ�ÁcÚ4ÍÎ¾H¿ÆÁÉÇnËH×�Ì�ÍÎßXë
½{×�¿�ÚX×�Àlür¾3ÀxûaÖ*Ö~éj¿j¾3Ç ¾3ÏHð~Ác¿jÂ�î�×�ß4íjÍÎÀ(ÁÉÚX¾HÀ4ð�åV×�ÂjÍÎê�ÍÎ¿j×HúY¹�ÐsÛ3Û~Ë�Ácê�ÿ�ßX¾H¿�Å�Ú4ÀX×�×�ÚMú�»l×�¿�ã3×�Àqú
½�ÝtÒ3ÛHÃHÛ3ç

ØHÊ�º�¼JÖ*ÖVÁc¿�éj×�ÇxÝ���¾cóaá]ÖVÁcÍ���×Hú�Å�í'×�ê�Í�ÁÉÇâÍÎÚað6Ô�ÁÉïÆ¾3À(ÁcÚ4¾HÀ4Íâ×�ßqú�ûa¿�êHºÎú�Ã3Ãj¹3¹7åæÍâê�ëjÍÎÏ�Ác¿6á]ã3×�¿�éj×Hú
ÅjÁc¿�Ú�Á}åV¾3¿jÍÎê�¾Æúj½{átØ3ÛcÐ�ÛcÐ

ØcÐ'º�Ô$º�½{ë�ÀXÍÎßXÚ4Íâ¿�×�ÝlÇÎÍâã3×�ÀqúJå�ÁÉßXßXÍÎê�ë�éjßX×�ÚXÚXß*Ù ×�¿j×�À�ÁcÇ{Ü]¾Hß4íjÍÎÚ(ÁÉÇ úJÝlê�ê�éjí'ÁcÚXÍÎ¾3¿ÆÁcÇOåæ×�ÂjÍÎê�ÍÎ¿j×Hú$ä3Û
Å�Ú(ÁÉ¿jÍõür¾HÀ4Â�Å�ÚMºÎújÅ�Í � Ú4ë�Õ�ÇÎ¾�¾HÀqú�ù{¾Hß4ÚX¾3¿�úÆåVátÛ3Ãj¹3¹�Ð

ØHä�º�»�ºná}ºJñJÍÎ×�ÀXê�×HúO»l×�íÆÁÉÀXÚ4Ö*×�¿�Ú�¾ÉüÓÅ�Ú�ÁcÚ4Íâß4ÚXÍÎê�ßMúOî]ÁÉÂjÍ�ÁcÚ4Íâ¾3¿g¼��n×�ê�Ú4ß*î�×�ß4×qÁcÀ4ê(ë5Õ�¾Héj¿�ÂÆÁcÚ4Íâ¾3¿�ú
äMóXÃ�ÜlÍ ��ÍÎðsÁcÖVÁ]ñJÁcÀ4ÿnúÆåVÍÎ¿ÆÁÉÖ*Íõó ÿ�é�úMÜlÍâÀ4¾Hß4ëjÍÎÖ�Ájú�èHÊ3Ã�Ë�ÁcíÆÁÉ¿

ØHç�º�»�ºÆÔ$º'ñJÀX×�ßXÚX¾3¿�ú�»l×�íÆÁÉÀXÚ4Ö*×�¿�Ú�¾cü�Å�Ú(ÁÉÚXÍÎßXÚ4Íâê�ßqúnî]ÁÉÂjÍ�ÁcÚXÍÎ¾3¿�¼��n×�ê�Ú4ß}î�×�ß4×qÁcÀ4ê�ë7Õ�¾Héj¿�ÂÆÁcÚ4Íâ¾3¿�ú
äMóXÃ�ÜlÍ ��ÍÎðsÁcÖVÁ]ñJÁcÀ4ÿnúÆåVÍÎ¿ÆÁÉÖ*Íõó ÿ�é�úMÜlÍâÀ4¾Hß4ëjÍÎÖ�Ájú�èHÊ3Ã�Ë�ÁcíÆÁÉ¿

ØHè�º�½�ÁcÀ4Ç�]é�¾H¿jÏ'úìÔ�ÁMÌ�ÀX×�¿�ê�×$ù{×�ÀXÿ3×�ÇÎ×�ð}Ô�ÁÉïÆ¾3À(ÁÉÚX¾HÀ4ðsú3¹$½{ð�ê�ÇÎ¾HÚXÀ4¾H¿�î�¾�ÁcÂ�ú�ùOé�ÍâÇÎÂjÍÎ¿jÏ�äHÛ�ú�ù{×�ÀXÿ3×�ó
ÇÎ×�ðsú�½�ÁcÇÎÍõür¾3ÀX¿jÍ�Á�ØÉÐsèHÃ3Û

ØHÒ�º�î�¾3ïÆ×�À4Ú�î�ÍÎ¿jß4ÿsð�ú�þxÁcÚ4Íâ¾3¿ÆÁcÇcûa¿�ßXÚXÍÎÚ4éjÚX×Jüu¾HÀ�Ýlê�ê�éjí'ÁcÚXÍÎ¾3¿ÆÁcÇ�ÅjÁMür×�Úað�Ác¿�Â�Ül×qÁcÇÎÚ4ë�úMÐsçHè3çO½{¾3ÇÎéjÖ~ïjÍ�Á
ñJÁcÀXÿ�Ì�ÁMðsú�½{ÍÎ¿jê�ÍÎ¿j¿ÆÁÉÚXÍaú�Ý]ë�Íâ¾~Ð�äHÃ3ÃHç
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ØHØ�º�åVÍÎÇÎÚX¾H¿.»�ºOî�¾3ßXß4Ö�Ác¿�ú$Ü]¾3ßXíjÍÎÚ�ÁcÇ]¾Éü�ÚXëj×�ýl¿jÍÎãH×�À4ßXÍÎÚað.¾cü}ñ�×�¿j¿jß4ð�ÇâãHÁÉ¿jÍ�Ájú�Òj¹MÃg¼Óº�Ù�ÁcÚX×�ß
ùOé�ÍâÇÎÂjÍÎ¿jÏ'úsÊÉÐsÛ3Û}Å�í�ÀXéjê�×�Å�ÚXÀ4×�×�ÚqúnñJë�ÍâÇ�ÁÉÂj×�ÇÎíjëjÍ�Ájú�ñ'á ¹qØ�¹qÛÉÐ

¹qÛHÛ�ºVËH×�À4¾HÖ0×�ÅjÁÉê�ÿsßMúHþxÁcÚ4Íâ¾3¿ÆÁcÇ�ûa¿jßXÚ4ÍâÚ4éjÚX×�¾Éü,Å�Ú(ÁcÚ4ÍÎßXÚXÍÎêqÁÉÇÆÅ�ê�ÍÎ×�¿�ê�×�ßqú'ñJº Ý}ºÉùO¾ � ¹�ÐÆ¹MçHÃjú3î�×�ß4×qÁcÀ4ê(ëÄJÀXÍ�Ác¿jÏ3ÇÎ×]ñ�ÁÉÀXÿnújþx½�Ã3èHè3ÛHØMóaÐÆ¹MçHÃ
¹qÛj¹3º�Å�ê�¾3ÚXÚ�Å�ê�ëj¿j×�ÍÎÂj×�ÀqúJÝ]ê�ê�éjíÆÁÉÚXÍÎ¾H¿ÆÁÉÇ$Ü]×MÁcÇÎÚXë�Õj¾3éj¿jÂÆÁÉÚXÍÎ¾H¿�ú�¹3¹qÃ3ç�¹qçÉÚXëgÅ�ÚXÀX×�×�Ú}þlÞtú'ÞFÁcß4ë�ó

ÍÎ¿jÏHÚ4¾H¿�ú�»x½�Ã3ÛHÛHÊ3ç
¹qÛHÃ�ºVÞtº�Ë'ºqÅ�ê�ë�éjÇÎÇaúc¼JíjÍÎÂj×�Ö0Íâ¾3ÇÎ¾HÏHÍÎêqÁÉÇqî�×�ßX×qÁÉÀXê�ë�½{×�¿sÚ4×�Àqú3Å�ê�ëj¾�¾HÇ�¾cüÆñJéjï�ÇâÍÎê$Ül×qÁcÇÎÚ4ë�úMý]¿jÍÎãH×�ÀXßXÍÎÚað

¾cüJÄ�× � ÁÉß�Ü]×qÁÉÇÎÚXë�Å�ê�ÍÎ×�¿jê�×}½{×�¿�ÚX×�ÀMújÜl¾Héjß4ÚX¾H¿�újÄ��tèHè3ÃHÃ3ä
¹qÛHÊ�º�ñJºqÅ�×�ÇâÍÎÏ3Ö�Ác¿�ú�¼J¿�ãsÍÎÀ4¾H¿jÖ0×�¿�Ú(ÁcÇ�ÅjÁMüu×�Úað�Ác¿jÂ�Ül×qÁcÇÎÚ4ë�úMý}ºcÅnºc»l×�íÆÁcÀ4ÚXÖ0×�¿�Ú�¾cün¼J¿j×�À4ÏHð�ús¹MØHØ3Ûj¹

Ùx×�À4Ö�Ác¿�Ú4¾cÌ�¿*î�¾sÁÉÂ�ú�Ùx×�ÀXÖVÁc¿�ÚX¾cÌ�¿�úså�» ÃHÛ3ÒHècÐ
¹qÛcÐ'º�î�º�¼�ºjÅ�ëj¾3ÀX×Hú�ûa¿�ßXÚXÍÎÚ4éjÚX×x¾cü�¼ ¿sã�ÍÎÀX¾3¿jÖ*×�¿sÚ�ÁcÇÆåæ×�ÂjÍÎê�ÍÎ¿j×Hú�þ]×�Ì.÷{¾HÀXÿ~ýl¿jÍÎãH×�À4ßXÍÎÚað�úsÊÉÐÆ¹]¼$ÁÉßXÚ

ÃHäÉÚXë�Å�ÚXÀX×�×�ÚqúnÃc¿�ÂæÕ�ÇÎ¾�¾HÀMú�þ]×�Ìò÷O¾HÀ4ÿnú�þ�÷ ¹qÛ3Ûj¹MÛMóXÃHäHØ3Ò
¹qÛHä�ºVÞtº'à~º�Å�ÍÎ¿jê�Ç�ÁcÍÎÀMúÆþxÁcÚ4Íâ¾3¿ÆÁcÇJ½{¾Héj¿�ê�ÍÎÇ$¾H¿�î]ÁÉÂjÍ�ÁcÚXÍÎ¾3¿æñ ÀX¾HÚ4×�ê�Ú4Íâ¾3¿�úJèHØj¹MÛ~Þ�¾�¾�ÂjÖ*¾3¿�ÚOálãHó

×�¿�éj×Hú'Å�éjÍÎÚX×�ÒHÛ3Ûjú�ù{×�ÚXë�×�ßXÂÆÁ�únå�»6ÃHÛ3Òj¹�Ð
¹qÛHç�ºVËÆº�Å�Ö0ÍâÚ4ë�úOîlÁcÂjÍ�ÁÉÚXÍÎ¾H¿5Å�Ú4éjÂjÍÎ×�ßVùOÀ�Ác¿jê�ë�úx½{×�¿�ÚX×�À*üu¾HÀ�»lÍÎßX×MÁcßX×�½{¾H¿�Ú4ÀX¾HÇaú�¹MçHÛ3Û�½{ÇâÍõürÚ4¾H¿

î�¾�ÁcÂ�ú3þ�¼�ú'å�ÁcÍÎÇÎßXÚ4¾HíVÕnóXÃHÒ�ú�á�ÚXÇ�Ác¿�Ú�Ájú�ÙxátÊHÛ3ÊHÊHÊ
¹qÛHè�º�å�ÁcÚ4ëj×�ÌªÜ}ºxÅ�Ö0ÍâÚ4ë�úlà�ÇÎ×�Ö0Öá]¿ÆÁÉÇÎðsß4ÍÎßgÙxÀX¾3éjí�úxûa¿jê3ºâú�ÃHØ3èj¹�Õ�Çâ¾cÌ{×�À4ßgî�¾�ÁcÂ�úxÅ�¾Hé�ÚXë�ú

ÝlÏHÇÎ×�ÚXë�¾HÀXí'×xùOé�ÍâÇÎÂjÍÎ¿jÏ'újÅ�éjÍÎÚX×~¹MÃHÛjú3á�ÚXÇ�ÁÉ¿sÚ�ÁjújÙxátÊ3ÛHÊÉÐÆ¹
¹qÛHÒ�º�»xÁc¿jÍÎ×�Ç]ÔYº$Å�¾HÇÎ¾HÖ0¾H¿�úJ»l×�íÆÁÉÀXÚXÖ0×�¿�Ú~¾cü�Å�Ú(ÁÉÚXÍÎßXÚ4Íâê�ßqú{þ]¾3ÀXÚXë�½�ÁcÀX¾3ÇÎÍâ¿'Á�Å�Ú(ÁÉÚX×�ýl¿jÍÎãH×�À4ßXÍÎÚað�ú

ñJº Ý}º�ù{¾ � äcÐ�äHè�újî]ÁcÇÎ×�ÍÎÏ3ë�úHþx½�Ã3èHç3äHÛ
¹qÛHØ�ºVá}º{å�º�Å�ÚX×�Ì�ÁcÀ4Úqú]»l×�í'ÁcÀXÚ4Ö*×�¿�Ú~¾Éü�ñJéjïjÇÎÍÎêVÜ]×qÁÉÇÎÚXë�ÁÉ¿jÂ�¼JíjÍÎÂj×�Ö*ÍÎ¾HÇÎ¾HÏ3ðsúJýl¿jÍÎãH×�À4ßXÍÎÚað.¾cü

ùOÍÎÀ4Ö*ÍÎ¿jÏHë'ÁcÖ�úH¼JÂ�ÏHïÆÁÉßXÚX¾3¿�ú�ù{ÍâÀ4Ö*ÍÎ¿jÏ3ëÆÁcÖ ù�¹Mä~ÃcÄ�Ä�ú�ý]¿�ÍâÚ4×�Â�àxÍÎ¿jÏHÂ�¾HÖ
¹H¹qÛ�ºVÜ}ºJÅ�ÚX¾�ê�ÿ�ÌO×�ÇâÇaú$¼Jí�ÍâÂ�×�Ö*ÍÎ¾HÇÎ¾3ÏHð�ÁÉ¿jÂFÜl×qÁcÇÎÚ4ëFÅ�éjÀXã3×�ÍÎÇÎÇÈÁÉ¿jê�×Hú$¼ Ü�óaÐsÃv½�½�Ã3èHÛ�úJý}ºJÅnº�»l×�ó

íÆÁcÀ4ÚXÖ0×�¿�ÚO¾Éü ¼J¿j×�ÀXÏHð�ú�¹MØHØ3Ûj¹]Ùx×�ÀXÖ�ÁÉ¿�ÚX¾cÌ�¿*î�¾�ÁcÂ�újÙ ×�ÀXÖVÁc¿�ÚX¾cÌ�¿�ú�å�»6Ã3ÛHÒHèÉÐ
¹H¹H¹3º�½xº'Ü}ºnÅ�ÚXÀ�ÁcÂj×�ÀqúJ¼JíjÍÎÂj×�Ö0Íâ¾3ÇÎ¾HÏHð*ÁÉ¿jÂvÜ]×qÁÉÇâÚ4ë7Å�éjÀXã3×�ÍÎÇâÇ�ÁÉ¿jê�×Hú�¼ Ü�óaÐsÃ*½�½ ÃHè3Ûjú'ý}º�Å,º|»l×�ó

íÆÁcÀ4ÚXÖ0×�¿�ÚO¾Éü ¼J¿j×�ÀXÏHð�ú�¹MØHØ3Ûj¹]Ùx×�ÀXÖ�ÁÉ¿�ÚX¾cÌ�¿*î�¾�ÁcÂ�újÙ ×�ÀXÖVÁc¿�ÚX¾cÌ�¿�ú�å�»6Ã3ÛHÒHèÉÐ
¹H¹qÃ�ºVÞtº�Ù~º�Ä$Ác¿jÿ3×�ÀXß4Çâ×�ðsújÝxÁcÿ*îÓÍÎÂjÏH×lûa¿jßXÚ4ÍâÚ4éjÚX×x¾Éü Å�ê�ÍÎ×�¿�ê�×}Ác¿�Â�¼JÂjé�êqÁcÚ4Íâ¾3¿�új½{×�¿�ÚX×�À�ür¾3À�¼Jí�Í ó

Âj×�Ö0Íâ¾3ÇÎ¾HÏHÍÎêqÁÉÇjî�×�ß4×qÁcÀ4ê(ë�ú|ñJº Ý�º�ù{¾ � ¹H¹qè�újÝxÁcÿ�îÓÍÎÂjÏH×Hú�Ä�þtÊ3èHÒ3Êj¹�óXÛj¹3¹qè
¹H¹qÊ�º�»�ºjÄ�ëj¾3Ö�ÁcßMún»]×�íÆÁcÀ4ÚXÖ*×�¿sÚl¾cü�ñ ÀX×�ã3×�¿�ÚXÍÎãH×~åV×�ÂjÍÎê�ÍÎ¿j×3úný]¿jÍÎã3×�ÀXß4ÍâÚað-¾cü�Å�¾3éjÚXë�½�ÁcÇÎÍõür¾3ÀX¿jÍ�Ájú

¹�Ð�ÃHÛ�ÅjÁÉ¿�ñ�ÁÉïjÇÎ¾�Å�ÚXÀX×�×�Úqúnñ$åVù�ù�ÃHÛj¹3újÔn¾3ß�á]¿jÏ3×�ÇÎ×�ßqú'½{átØHÛHÛ3ÊHÊìóôØ3ØHÒHè
¹H¹�Ð'º�î]ÁMð0á}º'ÞFÁcÇÎÇÎ×�Àqú'Å3ó�¹HúnÅ�Ú(ÁÉÚXÍÎßXÚ4ÍÎê�ßqú�Ô,¾Hßlá]Ç�ÁcÖ0¾Hß�þ�ÁÉÚXÍÎ¾H¿'ÁcÇ�Ô�Ácï'¾HÀ�ÁcÚX¾3ÀXð�únñJº Ý�º�ùO¾ � ¹qç3çHÊ�úÔn¾3ß�á]Ç�ÁcÖ0¾HßqúÉþ�åªÒHè3äcÐsä
¹H¹qä�º�ñJÁcéjÇ$Õ{º'ÞFÁcÖ~ïÆÁÉê(ë�újÝ]ê�ê�éjíÆÁÉÚXÍÎ¾H¿ÆÁÉÇOåV×�Â�Íâê�Íâ¿�×Hú�¼JÜÓó Ð�Êjú'ý}º�Å,º|»l×�í'ÁcÀXÚ4Ö*×�¿�Úl¾cü�¼J¿�×�ÀXÏ3ðsú

¹qØ3ØHÛj¹lÙx×�ÀXÖVÁc¿�ÚX¾cÌ�¿*îÓ¾sÁÉÂ�újÙx×�À4Ö�Ác¿�Ú4¾cÌ�¿�úså-»6ÃHÛHÒ3ècÐ
¹H¹qç�ºVËÆº�ÞFÁcÚXÿ�ÍÎ¿jßMúÆåV×�Â�ÍâêMÁcÇ�»lÍÎã�ÍÎßXÍÎ¾H¿�újÝxÁÉÿæîÓÍÎÂjÏH×xûa¿jß4ÚXÍÎÚXéjÚ4×xür¾3À]Å�ê�ÍÎ×�¿jê�×*ÁÉ¿jÂ�¼JÂjéjêMÁcÚXÍÎ¾3¿�únñJº

Ý�º�ùO¾ � ¹H¹qè�újÝxÁcÿ*î�ÍÎÂjÏ3×Hú�Ä�þtÊHè3ÒHÊ�¹
¹H¹qè�ºVËÆº�¼�º�ÞFÁcÚ4ßX¾3¿�úsÅ�ê(ë�¾s¾3ÇÆ¾Éü ñJé�ïjÇÎÍâêlÜ]×qÁÉÇÎÚXë�ú3ý]¿jÍÎã3×�ÀXß4ÍâÚað~¾Éü�þ]¾3ÀXÚXë�½�ÁÉÀX¾HÇÎÍÎ¿ÆÁ�úH½{ëÆÁcí'×�ÇnÜlÍâÇÎÇaú

þ�½�ÃHè3äHØHØìóôèÉÐsÛ3Û
¹H¹qÒ�º�å�ÁcÀ4ðgÕ{º�Þòëj×�×�ÇÎ×�ÀMú�¼$ñYå�» álÂjã�ÍÎßX¾HÀ4ð7½{¾3Ö*Ö0Í ÚXÚ4×�×Húnî�ÍÎê�×~ýl¿jÍÎãH×�À4ßXÍÎÚað�ú�»l×�íÆÁcÀ4ÚXÖ0×�¿�Ú�¾cü

å�ÁcÚ4ëj×�ÖVÁcÚXÍÎê�ßMúsñJºjÝ�º�ùO¾ � ¹qÒHØ3Ãjú3Ü]¾3éjßXÚ4¾H¿�ú�Ä��tèHèHÃ3äj¹
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