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摘  要

    本次奉派參加第20屆台日核能安全研討會並發表論文一篇及實地參訪日本醫療單位之輻射安全管制措施，參訪設施之類別有核醫、一般X光機、電腦刀CYBERKNIFE、迴旋加速器及質子加速器，除與日方專家交換輻防管制上的經驗與資訊，並實地參訪日本醫療單位之輻射安全管制措施，了解日本在醫療單位輻射安全管制之領域發展的現況與趨勢，以作為我國研擬輻防管制法規及執行稽查作業之參考。

核子醫學之放射性診斷醫療設備及設施在世界先進各國發展甚為快速，以醫用迴旋加速器為例，台灣地區自1992年設立第一台後，至今迴旋加速器已達10台之多，其中在近三年提出申請建造則有6部，可見台灣地區醫用迴旋加速器之應用正處蓬勃發展的階段，其餘如體積電腦斷層掃描儀（VCT）及電腦刀（CYBERKNIFE）亦同。

為確保醫用設備在快速發展下其輻射安全無虞，同時又能面對政府人員精簡及經費減少之挑戰，故參考先進國家對醫療單位輻射安全之管制措施可收事半功倍之效。
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(一)、醫療放射線管理之實踐
（二）、2005 放射線障害防止法關係法令

（三）、放射線管理之實務
（四）、2005 醫療放射線障害防止法關係法令
（五）、第20屆台日核能安全研討會論文集

一、目  的

    本次奉派參訪日本之行程，其目的有二：
（一）參加第20屆台日核能安全研討會並發表論文一篇：
台日核能安全研討會係我國與日本兩方，針對核能安全彼此交流之機制，此次公差之目的係藉此交流機制，發表「台灣對醫用迴旋加速器之管制」論文一篇，同時借重日本經驗及案例交流，蒐集相關設施之管制現況及未來趨勢，俾供本會擬訂管制策略之參考。
（二）實地參訪日本醫療單位之輻射安全管制措施：
放射性診斷醫療設備及設施在世界先進各國發展甚為快速，國內之情況亦同，然為確保此類設備及設施在快速發展下其輻射安全無虞，同時又能面對政府未來組織再造之挑戰，故參考先進國家對醫療單位輻射安全之管制措施，與日方專家交換輻防管制上的經驗與資訊，並實地參訪日本醫療單位之輻射安全管制措施，了解日本在醫療單位輻射安全管制之領域發展的現況與趨勢，以作為我國研擬管制策略、輻防管制法規及執行稽查作業之參考，以達事半功倍之效。
二、行  程
	日期
	行程

	11/13（日）
	台北—福岡—松江

	11/14（一）
	參觀島根電廠

	11/15（二）
	台日核能安全研討會

	11/16（三）
	台日核能安全研討會

	11/17（四）
	廣島—岡山

參訪Okayama Kyokutou hospital

	11/18（五）
	岡山--四國--松山

參訪sumitomo Niihama工廠

	11/19（六）
	參訪TOKYO hospital

	11/20（日）
	假日

	11/21（一）
	參訪TOYO CYCLOTRON FACTORY

	11/22（二）
	參訪千葉癌症中心

	11/23（三）
	東京（NARITA）—台北


三、內  容
此行之目的有二，詳述如下：

（1） 參加第20屆台日核能安全研討會並發表論文一篇：
第20屆台日核能安全研討會[image: image2.jpg]B
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於94年11月15至16日兩日，假廣島王子飯店舉行，此次共發表22篇論文，約200人參加，職此次發表論文題目為：「台灣對醫用迴旋加速器之管制」，其內容係介紹利用醫用迴旋加速器生產氟-18放射性物質用於正子斷層造影檢查之台灣地區管制現況，由於正子斷層造影（PET/CT）在檢查癌症、心臟及腦部疾病上的臨床價值，深獲醫學界肯定而檢查過程簡單舒適，且屬非侵襲性檢查，診斷準確率高，因此正子斷層造影檢查在世界先進各國發展甚為快速。

台灣地區第一台醫用迴旋加速器之設立啟端於1992年，而近三年醫用迴旋加速器通過本會審查，取得放射性物質生產設施許可證則有5家，同時本會亦剛完成一家新設立醫用迴旋加速器之安裝審查，故總計國內運轉及設立中之醫用迴旋加速器家數，已達10家之多，而在近三年提出申請安裝者則有6部，故此可見台灣地區醫用迴旋加速器正處於應用蓬勃發展的階段。
為確保醫用迴旋加速器在快速發展下其輻射安全無虞，本會以最嚴謹的態度，邀集國內專家、學者針對醫用迴旋加速器之生產設施分別於安裝設立、試運轉及正式生產等三階段審查過程中，嚴格為輻射安全把關。
故此行藉第20屆台日核能安全研討會此交流機制，發表「台灣對醫用迴旋加速器之管制」論文一篇，同時借重日本經驗及案例交流，蒐集相關設施之管制現況及未來趨勢，俾供本會在制定管制策略及相關法規之參考。
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    會中東京大學小佐古敏莊教授亦提出日本對醫療曝露管制之看法及未來管制之趨勢，其發言內容略述如下：「日本將來對利用輻射作為醫療工具的方法，將會考量立法加以限制，因輻射之使用有其正當性，醫療品質亦須納入考量」，並請問我國面對此問題，目前之管制措施為何？
職回覆小佐教授，本會向以嚴謹的態度為民眾醫療之輻射安全作把關，為確保此項輻射應用安全無虞，原能會以最慎密的方式，對生產此項正子藥物之設施，分別於安裝設置、試運轉及正式生產三階段之審查過程中，邀集國內專家、學者共同參與，嚴格為正子藥物之生產、合成與分裝等過程把關，另為增進輻射醫療曝露品質，原能會已於94年7月1日起，依據游離輻射防護法第17條之規定，針對醫用直線加速器、鈷-60放射性物質之遠隔治療機及含放射性物質之遙控後荷式治療機等3項放射治療設備，施行醫療曝露品質保證作業，除要求業者擬定醫療曝露品質保證計畫、設置品保組織及專業人員外，並執行專案輔導檢查，督促業者確實執行，以減少病人不必要之曝露，有效提升輻射醫療品質。 
     本會奉派參加此次會議人員另已撰提出國報告，故職僅就輻防部分提出看法如下：
1、 Management of Natural Occurring Radioactive Material小佐古敏莊（東京大學大學院）

    小佐古敏莊此篇文章，主要係在說明天然放射性物質（以下簡稱NORM）之管制，並舉出如Health care goods 、Washer by minus ion及Air purification等相關案例，在小佐教授之說明，認為NORM之管理，依ICRP-60號精神，劑量如因工業提煉而使放射性活度濃度增加，其可能造成之民眾劑量應該予以管制。

然因NORM之應用甚廣，故管理上有所困難，如以一般放射性物質管理，所需人力恐須數倍於目前管制人力，故職於會場請教小佐教授，有關其簡報所提之案例，日本係以法令強制要求廠商回收，或類似行政指導要求改善，小佐教授當場說明，他本人為日本輻防管制委員會之主席，將來將針對空服員、NORM及PET等劑量予以建議管制。
（2） 實地參訪日本醫療單位之輻射安全管制措施：
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醫用設備及設施在世界先進各國發展甚為快速，而台灣地區因經濟之成長因素亦造成處於應用蓬勃發展的階段，如VCT、CYBERKNIFE與迴旋加速器之引用，為確保醫用設備在快速發展下其輻射安全無虞，同時又能面對政府人員精簡及經費減少之挑戰，故參考先進國家對醫療單位輻射安全之管制措施可供我國訂定管制策略之借鏡。
此次參訪的設施有五個地點，分別為1.廣島的中國醫院2.岡山的旭陽醫院3、千葉的國立癌症中心4、四國的住友兩家迴旋加速器工廠，故就參訪所知之日本對可發生游離輻射設備與放射性物質之管制措施彙整如下：
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1、日本醫用可發生游離輻射設備與放射性物質之相關法規：
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由前表可知，日本係將醫用可發生游離輻射設備與放射性物質（註：本報告不彙整非醫用部分）依輻射特性區分為五項：1、一般X光機2、高能量加速器3、密封射源裝置4、密封射源器具5、非密封射源，而醫療單位所需遵守的法令為醫療法、勞動安全衛生法（主管機關為厚生勞動省）及放射線障害防止法（主管機關為文部科學省），此部分與我國係由本會、衛生署及勞委會分別管制相當類似，但最大不同之處為一般X光機與非密封射源之兩項，文部科學省並非管制單位，而我國此部分之管制，係由本會執行，且約佔本會醫療管制業務9成，此項差異，對本會推行簡政便民之政策，值得參考併詳列日方對各設備之定義：
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2、日本醫療法與放射線障害防止法之差異：
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因我國游離輻射防護法類似日本之放射線障害防止[image: image31.png]SR (2
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法，但對一般性且危險性較低之醫用設備與射源，例如一般X光機及診療用非密封放射性物質，日本文部科學省並不管制，而由厚生勞動省轄下之地方厚生局保建福祉課以審出方式（審出方式為醫療單位以申請表格向主管機關申報登記，主管機關審核登記後並不核發相關證照）處理，一家醫院中同類型設備僅需審出一次，與我國一設備一張執照且有期限之規定不同，以本會五年換照核發作業為例，其工作量約為本會之70％以上，故如採納日本之管理模式，對本會行政文書作業上所耗費人力將降低70％。
同時日本管理模式與我國亦甚為不同，我國係針對單一設備之輻射安全派員檢查是否合格，日本則要求由管理者負起自主管理的義務，在日本醫療法施行細則第 30 條 第13款 ～第 30條第25款中即詳列管理者應負之義務，如注意事項、廢棄委託、病患入院之限制、輻射作業場所輻射措施及相關設定、作業場所之標示等等。而醫療單位是否管理妥善之檢查模式，則由地方厚生局保建福祉課每年前往醫療單位予以評鑑（註：參訪岡山旭陽醫院時，恰好該院正在接受評鑑），評鑑方式與所需時間，據訪談醫院之輻防主任說明，日本評鑑模式係以書面審核為主，約半天時間即完成評鑑，評鑑範圍涵括全院，項目包含輻射及非輻射等項目。

本會於94年起推動之資訊透明化等等及設施自主管理之措施，其方向與日本的做法一致，惟日本對危險性較低的放射性物質及可發生游離輻射設備所採登記後自主管理及評鑑的做法，頗值得我國參考採行，以達「法規鬆綁、簡政便民」的目標。
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3、日本醫用可發生游離輻射設備與放射性物質申請手續流程圖：
日本申請手續，依醫療單位是否為國立醫療體系而有所不同，故分別列出其申請手續流程圖：

（1）國立醫療體系以外之申請流程：

（2）國立醫療體系之申請流程：

日本對醫療單位是否為國立醫療體系而有不同之申請流程，但由申請流程圖即看出日本管理設備及物質之嚴謹程度類似我國區分為許可類及登記類，對一般X光機等危險性較低之設備，僅需向地方衛生局登記，行政流程比許可類須會同文部科學省審核簡化不少，因其申辦方式係以設施為單位登記，流程並未核發執照，可大幅減少執照核發、換照等作業，雖然日本將醫療體系中一般之可發生游離設備納入衛生主管機關管制，與我國分由本會與衛生主管機關分別管制不同。
4、發生事故之處理措施：
日本對意外事故防範與管理之要求非常嚴謹，故將日方之四項通報流程圖詳列如下：以供參考：


本會自92年游離輻射防護法實施後，對意外事故之通報亦相當注重，並要求醫療單位張貼意外事故處理流程，目前執行成果良好，惟通報流程確不如日本詳細，發生火災時醫療單位第一要務在通報相關單位如消防署、警察局及主管機關等等，如事先制定流程圖供各醫療輻射設施參考使用，發生火災時可及時處理並可減少民眾之疑慮。
5、自主管理之要求
此次參訪最大感想，即日本之自主管理相當徹底，在前述第二點已大略說明，日本主管機關僅每年評鑑乙次，而本會作法則在許可類執照到期時，依法需前往檢查同時另有專案輔導檢查，就管制嚴謹度而言，本會之措施相當完善，然投入之人力則數倍於日方，故日方曾請教職，台灣對醫療輻射之管制人力是否足夠？經職答覆本會為6名，同時本會另以委託計畫請核研所抽查每年發照量之3％。而日方之管理人力，據日方人員說明文部科學省醫療管制人員約27人，厚生省不詳，但各地方厚生局則約30人，尚有民間法人團體約60人。
6、公益團體之配合

由前述說明，日本主管機關僅對政策制定、危險性設施及醫療設施自主管理良善投入較大心力，而設備檢查則由民間團體執行，舉凡人員訓練、屛蔽設計範例等皆由公益團體辦理，反觀本會與我國公益團體配合程度應可再加強。
四、心得與建議
（1） 醫用設備及設施在世界先進各國發展甚為快速，管制重點應隨趨勢作更動，故派員參加國外研討會或參訪，經與國外專家學者交流，對同仁之輻防觀念會有所激盪，除提高同仁之專業知識，另對管制策略之制定亦將有所助益。

（2） 迴旋加速器功能已大幅提高，如氟-18之產能已由1.5Ci/hr提高至5Ci/hr；其他同位素如C-11,N-13,與O-15，在靶體精進之下，其應用將更為廣泛，同時韓國製的迴旋加速器已大幅降低為美金50萬元，預測在韓國低價競爭之後，會出現削價競爭的局面，而所需原料氧-18水價格亦由1毫升氧-18水200美元左右，下降至60美元以下，氟-18核醫藥物的生產成本降低，又高解析度、價格便宜的PET造影儀將陸續問世，預估PET之申請案在5-10年內，將由現今23台拓展到國內50家設有核醫部門之醫院，本會之管制策略亦須針對此趨勢加以調整。
（3） 民眾對醫療品保要求，日趨關切，而本會與衛生署對醫療品保之責任分工需予以釐清，俾便本會擇定執行醫療品保之項目及深度。同時執行時，應與相關學會密切配合，藉由學會之機制予以宣導與執行，本會僅居於監督立場，以此方式可收事半功倍之利。
（4） 管制機關如針對設備細項訂出管制標準，不時須因應設備發展狀況而調整，同時需投入大量管制人力，本會可參考日本主管機關著重於制定規則，交由醫療設施負起自我管理責任的做法，就成本效益而言應利大於弊。
（5） 政府在組織再造後，管制人力將面臨人員精簡及經費減少之挑戰，故考量設備與物質之危險度與特性，將其明確區分，並分別制定管理辦法似為較妥善之方法，如放射性物質與設備其特性就有所不同，放射性設備若未通電即不會產生輻射，放射性物質則無論通電與否則持續會產生輻射，因此對使用、停用與報廢所需之安全考量亦不盡相同，如納為同一類管制項目，將有顧此失彼之虞。
（6） 醫療單位之自主管理應予以加強，如設施輻防組織完善，定期執行檢測後，若已無輻防安全顧慮，應可考量取消換照時須再派員檢查之規定，如此應可大幅減少稽查所需人力。

（7） 一設施一照之模式，與一設備一照之模式比較，可大幅減少行政管理人力，似乎可作為本會簡政便民之重點方法。換照前稽查作業模式，則可考慮以定期醫療單位輻防組織之評鑑予以替代，如以教學中心醫院規模來估計（登記類證照約50張、許可類約5張），登記類之換照人力將僅為原來之1/50，許可類將為1/5，在不影響輻射安全的前提下，本會行政效率可再提升。

（8） 對已普遍性且危險性不高之設備，本會可公告屛蔽之計算方法，醫療單位可修改參數即可，如此可將申請作業簡化為一次完成（日本做法便為如此，申辦時間為10日），不須分為安裝及發照之二階段申請。
（9） 對一般商用設備與設施，應勿須規定證照期限，本會目前人力約有6成應用在於證照核發或期滿換照，此部分著重點非輻射安全（因檢查不合格，依法可隨時要求業者停止使用）而在行政管理（即是否違法持有），但經管理人力（6成人力）與防止違規效益（一年5件以下）之損益分析與政府組織再造之人力精簡下，此部分似乎可予修法精進。
（10） 日本對醫療設備之輻射安全，著重於引用市場前之查驗，其觀念類似煙霧偵檢器之管理，如其生產階段品保良善，產品規格輻射安全無慮，管理單一廠商所需人力將遠少於產品上市後逐一檢查之人力，同時產品上市後之品保（本會醫療品保即注重於設備），業者與醫療單位應負起各自責任，主管機關訂定遊戲規則監督其是否遵守規定。
（11） 擴大與公益團體之合作，以往本會辦理政策宣導皆自行辦理，94年本會曾與核醫學會、慈濟醫院辦理宣導，事後統計，經費約僅自辦之1/8，人力更僅須講師一名，但卻有國內外學者參與，其效果甚大於自行辦理，同時參考日本與國內衛生署之推行政策模式，皆透過學會或協會來執行，其遭遇業者反彈之機率亦甚低，本會似乎可參考辦理。
五、總  結

此次職參訪日本之醫療機構後，認為日本與我國在管制上的差異性可歸納為細緻性不同，我國游離輻射防護法於92年2月1日公佈實施至今，此階段為開創磨合期，目前則邁入細緻化與便民之階段。
簡政便民方式有二：一為增加行政效率：如加班、增加電腦資訊化及增加人力，此部分為短期常見之作法，故本會於92年2月1日游離輻射防護法公佈實施至今之開創磨合期階段，本會即以此方式處理。

另外可透過成本效益分析，或安全指標之統計分析，將較無輻射安全顧慮之業務予以豁免管制或推動新措施加以管理，舉例而言，我國的一般X光機為何每五年須加以檢查一次，日本卻將其歸類為品保項目，依項目不同，而為每日、半年及一年之頻次（詳附件一），予以自主管理，如將登記類證照期限由5年延長10年，業務就可減少50％，但此舉是否會影響輻射安全？每年委辦之抽檢，其不合格項目為何？如經由統計評析，對政策之決定較有說服力。
我記得8、9年前曾經閱讀過國內一位輻防先進一篇文章，將輻射劑量依國家所得換算為損益分析之相對金額，其實輻防與環保相同皆有所代價，而此代價須有科學分析之對應成本，同理政府管制措施亦須有成本概念。

現代政府管理模式已從大有為之體制，順應國際潮流轉變為小而美，同樣輻防管理模式是否仍須為「媽媽型」，處處畏怕業者造假，事事監管，在組織人力精簡趨勢下，如不予以調整，恐有重小失大之缺失，建議派員參訪國外之設施，吸取他山之石經驗，配合管理模式改變並擴大與公益機構之合作，簡政便民應指日可待。
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附件二Regulatory Control Status of the Medical Cyclotron
In Taiwan

Yung-Fu Cheng
Radiation Protection Department

Atomic Energy Council of Executive Yuan

1. Forward
Medical cyclotron can produce radioactive material Florine-18 to undergo Positron Emission Tomography（PET）examination.  Because clinic value of Positron Emission Tomography/ Computerized Tomography (PET/CT) on detection of cancers, heart and brain diseases has gained positive assurance in medical field, and its examination process is simple and comfortable.It belongs to non-intrusive examination with extremely high accuracy in diagnosis and is developed rapidly in the world’s advanced countries. 

The first medical cyclotron installed in Taiwan started in 1992. In recent 3 years, the number of medical cyclotrons which have passed Atomic Energy Council’s （AEC）review and obtained Permission Certificate of Radioactive Material Production Facility reaches to 5. A few weeks ago, AEC just finished a newly installed medical cyclotron’s installation review, making the total number of medical cyclotrons which have been operating and are being installed to be 10 –there are 6 in recent 3 years. Therefore medical cyclotrons are in prosperous application stage in Taiwan.

To make sure that this rapidly developed radiation application is safe, AEC takes strictly prudent attitude and invites domestic specialists and scholars in reviewing for installation, trial operation and formal production phases the medicine production facility.



2. Current Status of Medical Cyclotron’s application in Taiwan 

Development of PET in world’s advanced countries is very rapid. Currently in Taiwan there are 20 medical units owning PET scanners；and totally 23 scanners – 12 are pure PET type, 11 are PET-CT type. Their distribution is shown in Figure 1.

Therefore medical cyclotrons which produce radioactive material Florine-18 to undergo PET examination increase 6 units in recent 3 years because of popularization of PET examination, making total number of medical cyclotrons in Taiwan to be 10. Detailed data are shown in Table 1. 

Table 1 Summary of Medical Cyclotron Installed in Taiwan Area as of July 2005

	Installation Location
	Installation Date
	Brand
	Type
	Manufacturing Country
	Particle Energy(MeV)
	Nuclides Produced

	A
	Nov,1992
	Scanditronix
	MC17F
	Sweden
	P:17.2

D:8.6
	F-18, N-13, C-11, O-15

	B
	Sep, 1993
	EBCO
	TR30/15
	Canada
	P：30

D：15


	F-18,

	C
	Sep, 1999
	CTI
	RDS111
	USA
	P: 11
	F-18, N-13

	D
	July, 2001
	GE
	MINItrace
	Sweden
	P: 8
	F-18

	E
	June, 2003
	IBA
	Cyclone 18/9
	Belgium
	P: 18

D: 9
	F-18, N-13, C-11, O-15

	F
	June, 2003
	GE
	PETtrace
	Sweden
	P: 16.5

D: 8
	F-18, N-13, C-11, O-15

	G
	Feb,2005
	GE
	PETtrace
	Sweden
	P: 16.5
	F-18

	H 
	June, 2005
	Sumitomo
	HM12S
	Japan
	P: 12
	F-18

	I
	July, 2005
	GE
	PETtrace
	Sweden
	P: 16.5

D: 8
	F-18, N-13, C-11, O-15

	J 
	Unfinished
	Sumitomo
	HM12S
	Japan
	P: 12

D: 6
	F-18, N-13, C-11, O-15


3. Introduction to Control Regulations

In Taiwan the medical cyclotrons which apply electromagnetic field, nuclear reactions to produce radioactive materials are categorized as radioactive material producing facilities(1) and regulated as such. After AEC’s review and granted permission of facility’s construction and installation, trial operation and formal production, the operators can then undergo the aforementioned operations. The control phases of installation, trial operation and formal production are as below:

3.1 Construction and Installation Phase

 According to Article 30 of Ionizing Radiation Protection Act （IRPA）, those who apply for permission of construction of Radioactive material production facility should append documents and information listed in Table 2(2) in asking AEC for review. AEC organized specialists with shielding, radiation protection and nuclear medical experiences, and invites 6 to 8 scholars summoning meetings to review all the document. For shielding, source’s location（coordinates）, characteristics（strength, energy, angular distribution）, three dimensional coordinates and sizes of cyclotron room and source’s position, calculation method and calculation method theories should be described by applicant to make sure of radiation safety. Recently AEC has found in this phase a mis-inputting source’s strength to be 1/4π times its original strength in using ANISN computer code. That prevents time-consuming reinforcing shielding in latter days. 

	Item
	Application Documents and Data

	1
	Registration certificate or other establishment certificate of the company 

	2
	Physical, chemical and radiation property of radioactive material 

	3
	Production method, production planning and sales program 

	4
	Quality assurance program

	5
	Radiation safety evaluation report, radiation protection planning and safety operational procedures

	6
	Radioactive waste disposal program

	7
	Other designated documents and information by Authorities 


Also, personnel’s activity routes, waste gas’s emission, safety interlock device, radiation detection equipment, radioactive waste disposal and workpeople’s dose are focused and reviewed in radiation safety evaluation, strictly guarding for radiation safety. 

Also, medical cyclotron which involves in medical application should comply with Central Health Regulations. Therefore, AEC requests applicant supply the permission document of construction and installation of that device from Health Authorities on issuing permission of import of medical cyclotron before its import into Taiwan area. 

3.2 Trial Operational Phase 

After the completion of construction of facility, and according to Article 30 of IRPA and Article 13 of Enforcement Rules for the Ionizing Radiation Protection Act, those who apply for the permission of production of radioactive material should first submit trial operational planning, photocopies of operational personnel’s and radiation protection personnel’s certificates to AEC to apply for approval of undergoing trial operation. Operational planning should have the format and items listed in Table 3, and sent to AEC for review and approval. The content has 10 items: 1.Forward, 2.Organizational Structure and Personnel’s Qualification, 3.Trial Operational Procedures and Timetable, 4.Personnel Dose, 5.Environmental Monitoring Data, 6.Waste gas, liquid monitoring and measurement, 7.Radiation Detection Equipment, 8.Solid Radioactive Waste Disposal, 9.Other Radiation Safety Measures, 10.References and Data.
After document’s review by the committee hired by AEC during construction phase for the trial operational planning and AEC’s sending people to audit, AEC will approve the applicant’s trial operation if there are no safety concerns over his radiation detection equipment and radiation safety measures. But AEC will send people to audit on an irregular basis after approval, to make sure of radiation safety.
	1.Forward
	1.Trial Operational Permission’s Docket Number

2.Response of committee’s trial operational opinions

3.Description of Site

4.Description of Facility

5.Operational Conditions and Permissive Produced Activities

	2.Organizational Structure and Personnel’s Qualification 
	1.Trial Operational Organizational Chart and respective responsibility

2.Relevant Certificates’ description and their photocopies（including foreign installation personnel’s training record）

	3.Trial Operational Procedures and Timetable 
	1.Cyclotron’s Performance test items and their qualification standards

2.Synthetic case’s performance test items and their qualification standards 

3.QC/QA performance test items and their qualification standards 

4.Test and their qualification standards of the  Radiation safety relevant items.
5.Operational and production records（daily and weekly reports）

	4.Personnel Dose
	1.Record Table in Trial Operational Period 

2.Regulatory Personnel’s dose limit evaluation.

	5.Environmental Monitoring Data 
	1.Plane view of Detection Point and Detection Data’s record table.

2.Comparison of detected and evaluated values at detection point.

3.Plane view of smear test and its data record table.

4.Dose rate curve records of continuous Environmental Monitoring System during Trial operation.

5.Residual Radiation Decay Curves in Cyclotron Room and Hot Cell Room

6.Area QC/QA Detection Data Record Table

7.Description of Shielding Construction 

	6.Waste gas, liquid monitoring and measurement 
	1.Sampling analysis report record of cyclotron room’s activated gas emission

2.Sampling analysis report record of synthetic case’s leaking gas’release

3.Interlink test or  Sampling analysis report record of waste tank environmental monitoring and release facilities

4.Filter layer’s effectiveness confirmation report

	7.Radiation Detection Equipment
	1.Calibration record and report（as appendix）

2.Functional test record table

3.plane view of installation position 

4.Equipment list

	8.Solid Radioactive Waste Disposal 
	1.Activated target’s handling

2.General Radwaste’s handling

3.Description of release condition

	9.Other Radiation Safety Measures
	1.Emergency response planning document’s preparation and rehearsal 

2.Warning label and light

3.Warning of Radioactive material delivery

4.Interlock safety device’s installation location, functional description and test report 

5.Warning system’s setting and description

6.Informing and handling of accident during trial operational period

7.Maintenance company’s control

8.Planned exposure

	10.References and Data
	1.ANSI N43.1 Standard (Draft）



3.3 Permission of Production Phase 

After completion of trial operation, according to previous regulations, operator should, within 3 months before planned production, fill out application forms, and append operational report and submit them to AEC for review and approval of permission of production. The operational report submitted to AEC should contain the detection data of trial operational planning items, which include radiation dose rate and quantity of radioactive gas’s emission of the operational site. After review and validating the radiation safety of facility’s operation, AEC’s also arrange committee to the site of applicant to audit. The applicant should brief the committee on his trial operational result and the improvement made of committee’s comments during his installation and trial operational review phases. Also, the applicant should prepare for the inquiry by the committee of his practical operations. After being considered to be of no safety concerns through on-site committee meeting’s discussion, the applicant then can apply for production of radioactive material. 

3.4  License Renewal Phase

According to Article 32 of IRPA, the effective period for medical cyclotron’s permission certificate is 10 years. After fulfillment period those who wish to continue production or manufacturing should, according to the regulations, apply for renewal before end of fulfillment period. Applicant should send documents to AEC for review and approval according to Table 4’s format and items. The contents have 7 items: 1. Original application documents, 2. Description of alternate, 3. Operational record, 4. Radioactive waste’s disposal , 5. Radiation detection equipment’s related data, 6. Other radiation safety measures’ description, and 7. Abnormal event’s handling process and record. 

During the effective period of permission certificate, facility’s operator should annually detect radioactive materials, ionizing radiation equipment and facility, and submit detection record to AEC for possible observation.

	1.Original application documents 
	1.photocopy of institution’s approved installation or registration certificate

2.Original approved certificate

3.photocopies of relevant operational personnel’s certificates

4.Radiation safety evaluation of operational site

5.photocopy of operational personnel’s educational training in latest 5 years。

6.Introduction and plane view of facility and shielding’s planning

	2.Description of alternate item 
	1.Alteration of site

2.Alternation of equipment

3.Alternation of personnel

	3.Operational record 
	1.Continuous 3 days’ cyclotron’s operational record in most recent 30 days （include electric current and production quantity）

2.Above 3 days’ ambient radiation dose rate of control and monitoring areas

3.Above 3 days’ smear test plane view and record of site and working table

4.Dose detection of the above 3 days’ radioactive material delivery routes

5.Personnel’s yearly dose and 5 years’ accumulated dose on that year

	4.Radioactive waste’s disposal
	1.Description of Radwaste release standard and handling

2.Waste liquid storage site’s monitoring and release records（record’s duration should be based on release frequency）

3.Description of solid radwaste handling

4.At least once about waste gas’ release sampling analysis record in most recent 2 years

	5.Radiation detection equipment’s related data
	1.Plane view of installation location

2.Equipment list

3.Most recent calibration record and report

	6.Other radiation safety measures’ description

	1.Emergency response planning

2.Warning label and light

3.Interlock safety device’s installation location, functional description and test record

4.Warning system’s setting and description

	7.Abnormal event’s handling process and record
	As required


3.5 Permanent Cease Operation 

According to Article 35 of IRPA, operator should, within 6 months before permanent cease operation, draw up facility’s waste clean-up plan and submit it to Authorities for approval of implementation, and finish up all clean-up operations within 3 years after cease of operation. During those clean-up periods, AEC may also send people to audit at any moment. 

According to Article 36 of IRPA, production and manufacturing facilities should be treated as permanent cease of use or operation if described as below:　 

1、Safety condition can not comply with original approved content, and having submitted to Authorities for approval of cease of use or operation, and continuing for over 1 year. 

2、During the period of approval of cease of use or operation, been confirmed by Authorities to be environmentally  contaminating,  hazardous to human health and not able to be improved. 

3、after the Authorities revoke its permission certificate. 

The non-compliant contents in item 1 are: 1. Operational personnel leaves his position and not replenishing within 30 days, 2. Radiation protection personnel leaves and not replenishing within 3 months, 3. Production and manufacturing facility’s damage and not been repaired within 6 months, 4. Due to external, irresistible factors which cause shielding or radiation leakage prevention devise damage in a radiation operational site and not been repaired within 6 months. These conditions are attributed to non-compliant with original approved content. 

3.6 Requirements for Operational Personnel’s Qualification

Operational personnel of medical cyclotron should, according to Administrative Regulations for the Operators of Production Facilities of Radioactive Material(3), acquire Certificate for Operational Personnel of Radioactive Materials Production Facility before operating medical cyclotron. Cultivation of operational personnel requires acquiring 54 hours’ training courses on facility’s system and technical specifications before applying for test from AEC by those personnel. The test includes oral test and practical operation, which are conducted by committee, organized by AEC, and composed of legal, radiation safety, nuclear medical and medical cyclotron’s practical operational specialists and scholars. Currently there are 34 people that have passed the exam and acquired operational qualification in Taiwan area.

4. Advancement in Control

To make sure that this rapidly developed radiation application is safe, AEC prudently reviews its medicine production facility. In the phases of radiation safety evaluation planning and safety control, AEC invites domestic specialists and scholars to strictly guard for radiation safety. In order to promote cross-communications among production, regulatory body and academic spheres for this matter, AEC in cooperation with Nuclear Medical Association and Tsu-Chi University sponsored workshop on 2nd of July, inviting scholars from South Korea and specialists in Taiwan area to publish papers about international development trends and operational experiences on medical cyclotron. Also to propagate relevant regulatory controls, hoping to establish a complete mechanism for radiation safety control.

This workshop is very successful and has 129 people participated. Almost all the relevant units of medical cyclotron in Taiwan area have their people participated. They hope AEC can continue sponsoring similar workshop to establish cross-communication mechanism, so that all medical cyclotron units may establish self-management capability. 

5. Conclusion

In recent 3 years there are 6 units of medical cyclotron been rapidly installed in Taiwan .This shows Taiwan is in an prospering application stage. AEC still holds strictly-guards-for- radiation-safety attitude on control. Also, AEC will refer to international development trend and operational experiences to advance its control measures. It is expected that hoping the public in Taiwan area can enjoy the benefits of radiation application which has acquired affirmative assurance in medical field, and simple and comfortable examination process, and highly accurate diagnosis nature in cancers, heart and brain diseases examination. 
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（裝設3.7Mbq以上而在3.7Gbq以下密封放射性之設備）





（裝設3.7Gbq以上密封放射性物質之設備）





Table 4. License Renewal’s Application Data and Format





Table 3. Format for trial Operational Planning





Table 2 Application Documents and Information for Medical Cyclotron





Figure 1 Distribution of PET in Taiwan Area
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1MeV能量以上之放射線設備





10kV能量以上1MeV能量以下之放射線設備








X光機





同位素放射性物質





X光射線裝置








高能量放射線設備





審出申請書樣式1





地方衛生機關首長





設施管理者





X光機申請書





依醫療法第15條第三項及同法施行細則第24條之2標示如下





醫院名稱 地址 申請日 開始使用日期





X光機廠牌、型式、最大電壓、最大電流


管球數目、用途





X光機防護檢查項目





診療室材質說明


操作室特殊設計之理由





管制區標示及輻射劑量限度





其他注意事項





操作人員資料





X光設備





診療用高能量放射線





輻射作業場所其他工作人員避難通知





超劑量人員之健康檢查





火災事故之處理





必要避難命令





人員超劑量之防止





診療用放射線的定義





診療用放射線的定義








與我國輻射標誌不同
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