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摘　　要
本次出國的目的是赴美參加第47屆美國醫學物理師學會會議(47th Ann. Meeting of the American Association of Physicists in Medicine)，會議於西雅圖著名之Washington State Convention & Trade Center國際會議中心舉辦，來自全球各地之醫學物理師、研究人員、學生、相關廠商約千餘人參與此次之會議。主辦單位除了安排大型論文壁報展示場地(發表之論文共657篇)、二個醫療器材設備展覽場地外，另有八個會議室於同一時段依照不同主題同時進行口頭論文(共500篇)發表。

本次會議所發表之論文大約可分為醫學影像技術、放射治療技術、蒙地卡羅程式之應用、輻射安全等，其中多數論文係以放射治療及放射診斷之應用為主，特別是近年來在放射治療領域廣為使用之IMRT（Intensity Modulated Radiotherapy）相關技術之應用，包含各項臨床治療技術之應用及蒙地卡羅之模擬等。其次，PET/CT及SPET/CT臨床影像之處理技術、質子治療、近接治療、核子醫學、輻射災害、及輻射防護相關法規之修改等議題也有多篇文章討論。

此外，會議主辦單位配合會議進行期間，於國際會議中心四樓安排為期4天之相關醫療設備展示，由各廠家於現場介紹各項產品之功能，展示內容多為放射診斷及放射治療之設備及其相關配件，現場展示除CT、PET/CT、直線加速器、各種治療計畫軟硬體，並有專業人員於現場解說及示範相關儀器及設備之各項功能。

1、 出國目的與行程
1、 前言
第47屆美國醫學物理師學會會議(47th Ann. Meeting of the American Association of Physicists in Medicine)自7月24日至7月28日於西雅圖市派克街(PIKE STREET)與第7大道(7th AVE.)路口著名之Washington State Convention & Trade Center國際會議中心舉辦，來自全美及世界各地之醫學物理師、研究人員、學生、相關廠商約千餘人參與此次之會議。本次會議發表之論文數量眾多，大會除了安排大型論文壁報展示場地、二個醫療器材設備展覽場地外，另有八個會議室於同一時段依照不同主題同時進行口頭論文發表。

本次會議所發表之論文大約可分為醫學影像技術、放射治療技術、蒙地卡羅程式之應用、輻射安全等，總計發表之文章多達1157篇(其中壁報展示657篇)，其中多數論文係以放射治療及放射診斷之應用為主，特別是近年來在放射治療領域廣為使用之IMRT（Intensity Modulated Radiotherapy）相關技術之應用，包含各項臨床治療技術之應用及蒙地卡羅之模擬等。其次，PET/CT及SPET/CT臨床影像之處理技術、質子治療、近接治療、核子醫學、輻射災害、及輻射防護相關法規之修改等議題也有多篇文章討論，會議議程及議題如附錄一所示。

此外，會議主辦單位配合會議進行期間，於國際會議中心四樓安排為期4天之相關醫療設備展示，由各廠家(約百餘家)於現場介紹各項產品之功能，展示內容多為放射診斷及放射治療之設備及其相關配件，現場展示除CT、PET/CT、直線加速器、各種治療計畫軟硬體、QA設備外，較特別的是TomoTherapy Incorporated於現場展示及介紹的TomoTherapy Hi·Art System，該設備係以CT及IMRT為概念所製造之直線加速器，目前全球僅50餘部，其治療前影像取得、旋轉多角度照射、多病兆區域及正常組織低輻射劑量特殊之功能，將是未來放射治療之另一重要選擇。

2、 行程
94年7月23日（星期六）
台北啟程—抵達西雅圖
94年7月24~28日（星期日~星期四）
AAPM年會
94年7月29~30日（星期五~星期六）西雅圖回程-返抵台北
2、 2005年美國醫學物理師學會會議第47屆年會情況報告

1、 美國醫學物理師之現況

醫學物理師於醫療院所之主要工作為(1)臨床服務及諮詢(2)研究發展(3)教學。更進一步說明其工作內容應包含下列事項：

(1) 確保設施輻射作業輻射安全及協助發展影像技術，提升放射線照影程序之效率。

(2) 發展放射治療技術。

(3) 與放射腫瘤科醫師合作，執行治療計畫、監測治療設備及步驟，確保病患所接受之處方劑量於正確位置。

(4) 確保放射診斷及治療設施符合相關法令規定。

近幾年美國醫療保險對於醫療院所採取IMRT技術之放射治療，所給予之給付標準亦較傳統治療方式之給付高(約有3倍之多)，再者由於醫療院所採取IMRT技術之治療方式前之各項評估不僅費時，亦需要精確複雜之治療計畫及機器設備之品質保證作業，始能順利運作，而醫學物理師主要工作之一正是臨床治療計畫之設計，眾多之醫療院所對於醫學物理專業人員需才若渴，因此，醫學物理師目前於美國是一高收入且熱門之行業，除了不少國內之醫學物理師遠赴美國工作外，部分留學生亦將醫學物理列為主修課程。
2、 放射治療之新選擇-斷層治療（Tomotherapy）

Tomotherapy 亦是本次會議另一重點，現行直線加速器於治療病患時，輻射照野多為包含全部之治療區域(即target volume)，於技術上輔以IMRT之方式，惟目前已有歐美醫療院所使用Tomotherapy方式，取代現行直線加速器，該項治療技術所用之加速器為TomoTherapy Incorporated所發展的TomoTherapy Hi·Art System，其原理為將直線加速器與電腦斷層攝影機合併，將直線加速器之加速管取代電腦斷層攝影機之X光管，其特色為治療病患時，加速器之加速管能繞著病患快速旋轉，病患之治療床則往Gantry方向前進，每次治療時以電腦斷層切片方式，將治療區域分成數個小區域，一個區域一個區域的治療，且將多葉準直儀及IMRT技術應用於此種新型之治療設備上，因該機器能快速且分散照野(加速管每繞病患一圈，能以57個角度分別照射)，因此，此種治療方式之治療劑量之分佈情形及治療時間均比傳統之直線加速器佔優勢。另外，此種斷層治療方式亦有每次治療前影像取得及多病兆區域同時治療之功能，是未來放射治療之另一重要選擇。該類新型加速器於目前僅有低能量(6MV)之設計，且該加速器為無整平濾片之設計，亦無傳統加速器之光照野指示器及光距離指示器等項目，治療所需之影像處理、治療計畫評估及劑量傳送等作業，已整合成一套簡單之操作界面，藉由電腦控制加速管之繞行、治療床之前進及多葉準直儀之開關，將所有來自不同角度及位置之照野組合成病患所需之治療區域與劑量分佈。

3、 質子射束放射治療
質子射束應用於放射治療已有多年之經歷，本篇作者發表之內容包含物理原理、臨床理論、質子治療經歷、質子加速器及其設施、與其它加速器功能比較及輻射防護等。除了部分與臨床實務資料（如治療計畫等）外，相關內容摘述如下：

物理理論：在放射治療領域中，質子有不同於光子之劑量特性。光子於組織內先經過一段之增建區（build-up region）後，隨著組織深度之增加，光子之能量給予則以自然對數型式減少；相反的，質子之能量給予則隨著其穿透距離之增加而增加，當質子前進之距離接進其射程未端時，會產生一個最大之能量給予(即“Bragg peak”) ，如圖1所示。因為質子治療能以spread-out Bragg peak (SOBP)方式之特性，因此，不同於傳統光子或電子之放射治療方式，對於放射治療之每一個質子治療射束而言，不僅能在治療區域內給予腫瘤最大之能量，同時治療區域外之正常組織則接受到較低之劑量。然而，質子射束於較深之距離時，其penumbra則較光子射束高（約有幾mm之差異）。
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圖1:典型質子射束之深度與劑量分布圖

臨床理論：由於質子射束能給予腫瘤較高劑量，因此能增加腫瘤控制機率(tumor control probability (TCP))，其主要原因在於質子射束相較於其他方式能有較小的正常組織照射區域，當降低正常組織治療區域及劑量後,病患的耐受性(tolerance)因而提高。質子治療對於一些位於重要器官周圍之腫瘤特別重要，尤其那些只要有一小部分區域超過容許劑量就有嚴重副作用之器官，例如：大部分腫瘤所靠近的脊髓。此外，接近危急器官的不規則型狀病兆亦特別適用於質子治療。質子治療已被應用於多種病症，包括脊索瘤、軟骨肉瘤、腦膜瘤、攝護腺及肺腫瘤等。長期以來使用質子治療葡萄膜黑色瘤、頭蓋骨底部及脊椎周圍之肉瘤等疾病於臨床上有不錯的效益。正如其他顱內的病兆一樣，質子放射手術（Proton radiosurgery）亦用來治療大動脈靜脈畸形。經由多數設施的治療計畫之比較，質子能提供諸多潛在效益，例如對於幼年時期視神經神經膠瘤之頭顱部位照射，質子治療有較佳之腫瘤控制率及正常組織併發症率（NCTP, Normal Tissue Complication Probability)。

質子治療之經歷：自從Robert Wilson1946年於哈佛發表使用質子於放射治療領域後，1954年第一位病患隨即於Lawrence Berkeley Laboratory接受質子治療，至今約有40000名病患接受過質子治療，相關資料如表1所示。雖然接受質子治療病患之數量是穩定的增加，但仍只佔所有接受放射治療病患人數之小部分，其中一個原因是質子治療設施之成本，目前每次質子治療之成本約為X-Ray治療成本之2.4倍。
[image: image2.png]Figure 4 Isochronous cyclotron by lon beam Applications, S.A. It extracts protons

with an energy of 230 MeV. which corresponds to a range of a ~33.0 cm in Water.

Picture provided by lon Beam Applications, S.A.




表1 Word wide Proton therapy experience as of July 2004. (Sisterson,2004)
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Table 1: World wide proton therapy experience as of July 2004. (Sisterson, 2004)



質子加速器：質子加速器可分為兩大類別，一為迴旋加速器，另一為同步加速器。第一部用來質子治療之迴旋加速器，原始設計係供研究使用，後來才轉為放射治療設施，近年有來愈來愈多的迴旋加速器被建造、使用於放射治療。質子的最大能量與質子在組織的最大深度有關，低能量之質子射束僅能用於表淺腫瘤之治療，例如70MeV之質子，僅適用於眼部腫瘤之治療。為了能治療人體各部位之腫瘤，迴旋加速器的能量已被提高到230MeV（約可達人體組織32公分之深度），此外，劑量率最少也在2Gy/min以上。迴旋加速器類之質子加速器常被使用於需要高可靠度、低維護及易操作之單純臨床環境。圖2為放射治療用之迴旋加速器範例。
[image: image4.png]Figure 6: Floor plan of the Northeast Proton Therapy Center. Drawing provided by

fon Beam Applications. S.A




圖2 Isochronous cyclotron by Ion beam Applications, S.A. It extracts protons with an energy of 230 MeV, which corresponds to a rang of a ~33.0 cm in water. Picture provided by Ion beam Applications, S.A.

由於迴旋加速器引出之粒子為固定能量，因此需要一個能量選擇系統，該系統包含一個可快速進出射束之可變厚度之degrader，通常為含碳之楔型濾器，然而經過此一系統後會導致能量擴展及射束發射之增加，並且降低系統之效率，此外，由於二次輻射之故，需要更多之屏蔽。相反的，同步加速器因為可以引出任何能量之粒子，因此無前述之問題，然而同步加速器卻比迴旋加速器體積大多了。
質子治療設施平面圖：質子射束由迴旋加速器(或同步加速器)加速至所需能量後被傳送至治療室，同時，基於安全考量，並有監測器確保射束之正確位置。傳統加速器治療室內僅有一部直線加速器，而一部治療用之質子加速器通常有不止有1個的可旋轉臂(Gantry)與1個固定射束之治療室，圖3為質子治療設施之平面圖範例。
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Figure §: Schematic drawing of the nozzle at the NPTC (Paganetti et al., 2004)
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圖3  Floor plan of the Northeast Proton Therapy Center. Drawing Provide by Ion Beam Applications, S.A.

旋轉臂/固定射束：以固定水平射束治療病患時，能治療之部位有限(如眼睛)，且傳統之放射治療經常使用不同角度之不同射束照野之治療方式。為了能從任何計畫的角度去治療病患，治療機頭必須能夠旋轉，如此不僅能達成前述目的，病患之治療位置從從影像取得、治療計畫至實際治療均能有良好之再現性。從不同方向治療病患，需藉由旋轉臂系統(如圖4所示)始能達成，而射束係被旋轉臂內之磁場所偏移。

旋轉臂通常是一個很大的結構體，其首要原因為治療用之質子能量很高，要能偏移其方向須要較大之半徑，其次，射束監測及射束形狀等裝置亦必須置於治療機頭內，而影響nozzle的大小。以圖3所列NPTC的設施為例，其nozzle長度約2.5公尺，
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圖4  One of the gantries at the Northeast Proton Therapy Center. The left picture shows the gantry structure during construction with the steel assembly being visible. The right picture shows the gantry treatment room during treatment. The beam delivery nozzle is able to rotate 360 degrees around the movable patient couch. Picture provided by Ion Beam Applications, S.A.

而導致等中心點與射束進入旋轉臂位置之距離達3公尺。雖然旋轉臂之體積龐大，但為確保劑量之精確，必須保持旋轉臂之旋轉等中心點，於任何旋轉角度之誤差均在1mm以內，這必需非常小心的設計機械結構，因為其重量可達數十噸。此外，nozzle為一複雜且重要之組成，主要功能為射束監測及射束形狀，其相關裝置及結構如圖5所示。

[image: image7.png]Figure 9 SOBP as composed out of a number of pristine Bragg curves modulated in
depth by a set of absorbers of different thickness. The lower right picture shows a

wheel with 3 different tracks used for different modulation widths.




圖5 Schematic drawing of the nozzle at the NPTC (Paganetti et al., 2004). Beam monitoring devices are ionization chambers(IC) and a rang verifier (multi-layer Faraday cup). Beam shaping devices are scattering systems, range modulators, and wobbling magnets. Variable collimators (‘jaws’) and the snout determine the field size.

散射系統：對於腫瘤之放射治療所需之照野大小，其範圍可能從直徑1公分至25公分，且照野內必須維持均勻之粒子通率。入射至nozzle之窄射束，其FWHM 僅約1公分左右，因此必須將射束擴展。對於小照野而言，1個鉛製的散射箔片即可完成射束擴展，但對於大照野而言，其質子通率之減少及散射量太大，因此需要改以雙重散射系統，以達到均勻平整之劑量分佈。雙重散射系統包含安裝於射束上游接近nozzle入口處之第一次散射裝置(由一組箔片組成)，其次，高斯型狀之第二次散射裝置則位於射束下游，為了使整個照野散射均勻，通常接近照野中心點之中子散射要比中心點外之中子散射多一點，因此第二次散射裝置包含雙重物質散射體。

射程調節器：質子射束原始的Bragg peak不夠寬，不足以含括大多數應被治療之體積，因此，入射中子透過不同厚度之吸收體(即射程調節器)而形成一個夠寬的spread-out Bragg peak (SOBP)，每一個吸收體產生一個原始的Bragg peak，進而組成臨床治療用之SOBP，圖6為一SOBP組成範例。
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Figure 10: View of a typical brass aperture used to collimate a proton beam

(Bussiere and Adams, 2003)




圖6  SOBP as composed out of a number of pristine Bragg curves modulated in depth by a set of absorbers of different thickness. The lower right picture shows a wheel with 3 different tracks used for different modulation widths.

Aperture：使用Aperture(裝設於治療機頭內)可將質子射束治療照野做成與設計之照野相符合，常使用銅來製作Aperture，選擇Aperture需考慮成本、重量及二次輻射等因素。Aperture的邊緣(符合每一照野50%等劑量)經常被定義為target投射至等中心點加上90-50%的penumbra，再加上任何set-up之不確定量。圖7為Aperture之範例。
[image: image9.png]Figure 14: The principle of intensity modulated proton therapy (IMPT). Non-uniform

dose distributions from a number of fields (4 in this case) yield the d





圖7  View of a typical brass aperture used to collimate a proton beam. (Bussiere and adams, 2003)

最近IMRT的優勢已經挑戰質子治療，治療計畫比較研究顯示，在高劑量區的劑量梯度及靶一致性方面，IMRT產生的劑量分佈已能夠與質子產生的劑量分佈相比較，某些案例上，IMRT在高劑量區於靶一致性劑量分佈甚至比質子更好一些。然而，在低至中劑量區域及整體劑量方面，質子仍然較佔優勢。上述比較是以IMRT與常用passive scattering質子治療技術之比較，為了充分發展質子治療之潛能，並與IMRT比較，強度調控技術現已被引用於質子治療領域，這項名稱為IMPT(intensity modulated proton therapy)。IMPT這名稱在某方面會令人誤解，因為在質子治療中即使一個SOBP的產生，都需要強度調控。那IMPT是什麼( 由IMRT類推，從每一個特定方向的治療照野有計畫的給予非均勻的劑量分佈，將每個照野的劑量相加總，進而得到一個均勻劑量分佈的治療區域。圖8為一IMPT之範例。總而言之，IMPT有下列1或2項之優點，但於質子治療領域，無法同時具有全部之優點:

· 改善劑量一致性及劑量梯度

· 更加降低整體劑量

· 對射程或其他不確定量有較低的靈敏度
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圖8  The principle of intensity modulated proton therapy (IMPT). Non-uniform dose distributions form a number of fields (4 in this case) yield the desired (uniform) target dose. Figure provided by Alex Trofimov (Massachusetts general Hospital).

RBE：質子的生物效應較光子稍微高一點，換句話說，質子需要較低的劑量就能達到相同的生物效應。質子的相對生物效應定義為，達到相同生物效應時，參考輻射之劑量除以質子劑量。RBE值使放射腫瘤學家能由光子射束產生的眾多臨床結果資料庫中獲得益處。幾乎所有的質子治療單位所使用之RBE值均為1.1，而且適用於所有之質子治療，與每個fraction劑量、在SOBP之位置、原始射束能量或特定組織均無關係。

二次輻射：質子於物質中緩速，不僅藉由庫侖作用，亦會產生核子作用，而核子作用導致二次輻射。質子與中子為核子作用最重要的二次粒子，因為它們能將能量帶至離作用點較遠之位置。因此，對任何質子治療設施而言，中子屏蔽是重要的，例如治療機頭內使用不同組成的apertures。然而中子的產生是無可避免的，屏蔽是能降低來自散射系統、aperture及compensator的中子，但是中子仍然於病患身體上產生，而且是沒有任何方法可以避免其發生。因為中子產生的總量與質子必需穿透之物質之多寡有關，因此如果能儘量降低移至nozzle質子能量，是能降低中子的產生量。

4、 10CFR35有關人員部分之修訂：
2002年版之10 CFR 35並未規範相關專業人員之訓練，美國核能管制委員會(Nuclear Regulatory Commission)於2005年3月30 日發布10 CFR Part 35 ( Medical Uses of Byproduct Materials )最後修訂章節，其中包含對專業協會(specialty boards)之認可及使用不同型式放射性物質專業人員應有之訓練與經歷，其中有關人員部分主要係規範被授權之醫學物理師(Authorized Medical Physicists， AMPs)、被授權之使用者(Authorized Users， AUs)、被授權之核醫藥師(Authorized Nuclear Pharmacists， ANPs )及輻射安全人員(Radiation Safety Officers， RSOs)，此規定提供數種供相關人員成為前述專業人員(如：RSOs、 AMPs、ANPs)之途徑，其中主要途徑是：學歷(經驗(專業考試(證明書或執照的授予。另一途徑則是：監督指導下之經驗(指導者之報告書。茲摘錄相關重點如表2及表3所示：表2列出五種成為授權的輻射安全人員(RSO)的途徑(與其所接受之教育,經驗及認可情形有關);表3分別列出成為授權的醫學物理師(AMPs)及授權的核醫藥師(ANPs)的途徑。該項修訂將自2005年10月25日10 CFR Subpart J失效後，開始施行(Agreement States 則需於3年內適用新規定) 。

表2  Some Components of 10CFR 35(J) Requirements for Radiation  Safety Officers
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表3  Some Components of 10CFR 35(J) Requirements for AMPs and ANPs

5、 I-131治療之輻射防護：
需要核醫病患外釋規範的理由，除了可確保對民眾的曝露是合理抑低，並保證病患對民眾造成的風險是經過管理且符合管制規定。1997年以前，美國核醫病患外釋的標準是基於嚴格的活度或劑量標準，也就是接受核種活度小於 30 mCi 或，1公尺處之劑量率小於 5 mrem/h 即符合外釋標準。1997年以後，外釋的標準改為對任一民眾造成的預期劑量小於500 mrem。外釋標準已改為風險基礎作考量，並可適用至I-131以外的其它治療用核種,同時對於民眾預期劑量之評估,則具有彈性的處理方法。

美國現行法規對於核醫病患外釋之要求如下：

(1) 核醫病患外釋後，對任一民眾造成的最小曝露大於100 mrem，則醫療院所必須撰寫及提供指導文件給外釋病患。

(2) 如果所造成之民眾劑量符合”預設標準”或經設施經營者評估後小於500 mrem，則核醫病患即可外釋。
(3) 如設施經營者評估之假設條件與”預設標準”不同，則必須撰寫外釋記錄文件。
(4) 外釋記錄文件需由設施經營者保存3年。
有關接受I-131核種治療病患之外釋”預設標準”主要內容如下：

(1) 給予活度小於 33 mCi 或，1公尺處之劑量率小於7 mrem/h，則病患於核子醫學部門提供指導文件(一般性的)後，即可以外釋。
(2) 其假設基礎為病患係一未受屏蔽之點射源，且僅保守的考慮物理半化期。
(3) 其計算公式及示意圖，如圖9所示。
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Figure 4 Isochronous cyclotron by Ton beam Applications. S.A. It extracts protons

with an energy o feV. which corresponds o a range of a ~33.0 cm in Water.

Picture provided by lon Beam Applications.




圖9  “Default”I-131 Release Criteria. Figure provide by Robert E. Reiman 2005.

本篇作者另提供設施經營者自行評估之方法，其假設可以為非點射源、考慮組織衰減、考慮生物排除效應、不同之佔用因數，其公式及示意圖如下：
[image: image15.png]Figure 7: One of the gantries at the Northeast Proton Therapy Center. The left picture

shows the gantry structure during construction with the steel assembly being visible.
The right picture shows the ganiry treatment room during treatment. The beam
delivery nozzle is able to rotate 360 degrees around the movable patient couch.

Picture provided by Ton Beam Applications, S.





圖10  Licensee’s computation of I-131 Release Criteria. Figure provide by Robert E. Reiman 2005.

另外由於外釋後的核醫病患經由唾液、出汗及尿液等途徑，其身體內之放射性核種可排出體外，可能使得家屬身體表面遭受污染，家屬也可能因手-口之接觸途徑而造成體內污染。因此，相關人員體內劑量需進行評估，本篇作者假設家屬體內污染活度為給予活度之1/100,000，並提供一劑量轉換因數(53rem/mCi，I-131)於計算中使用，如體內劑量大於計算之體外劑量達10%以上，則體內劑量須列入總劑量一併考量。
核醫病患外釋指導文件應載明之內容必須包括大眾運輸、小孩、懷孕婦女、哺乳婦女、配偶、訪客、同事、時間距離之考量及限制接觸之期限等事宜，例如：外釋初期避免搭飛機或公車、限制與某些人之接觸、與小孩及懷孕婦女之距離保持在180公分以上、與配偶分床睡覺、使用不同之盥洗室、經常刷牙及淋浴等。至於限制接觸及限制活動之期限有多久，則與計算之預期劑量有關，劑量越高，期限越久。
核醫病患外釋時，除符合”預設標準”(即給予活度小於 33 mCi 或，1公尺處之劑量率小於7 mrem/h)，不須撰寫外釋紀錄文件外，其它情形則需依規定撰寫及保存，此外，與外釋有關之特殊訊息亦應一併記載。紀錄應包括病歷號碼(不能有姓名)、外釋活度與1公尺處之劑量率、使用之量測儀器、評估之民眾劑量、用於評估之有效半化期、評估方法及各項限制活動之時間等內容。
本主題之作者(服務於Duke University Medical Center輻射安全部門)提供他們對於核醫病患外釋規定之作法，相關資料摘述如下：
(1) 使用離核醫病患1公尺處之初始劑量率。

(2) 對於不同之治療項目,使用不同之Duke人口清除曲線(clearance curves，即前述評估使用之參數R(t))。

(3) 病患資料被輸入一特殊網站，即可得到民眾預期劑量，外釋指導及相關文件。

(4) 輻射安全人員與外釋病患面談，瞭解其家庭狀況、交通、工作、訪客、生活自理能力等事宜。

(5) 量測距病患1公尺處之劑量率。

(6) 使用網站產生外釋指導文件及外釋記錄文件。

(7) 保存外釋記錄文件3年。

核醫病患外釋與國土安全又是一項課題，美國基於保安考量，許多極為靈敏之輻射偵檢器被裝設於火車站、機場、隧道等場所，接受I-131治療病患於服藥92天後都還有可能被前述輻射偵檢儀器測出，因此，核子醫學學會建議給予該等病患一封含有核種及醫院聯絡訊息之信件，以兼顧醫療與國土保安。
美國NRC網站可找到相關之法規，如10 CFR 35.75, “Release of Individuals Containing Unsealed Byproduct Material or Implants Containing Byproduct Material” (www.nrc.gov> Electronic Reading Room >Regulation (10 CFR))或”NUREG 1556, Vol. 9, Appendix U (formerly Regulatory Guide 8.39)”(www.nrc.gov> Electronic Reading Room> Document Collections >NUREG-Series Publications)。
6、 預做輻射災害之準備
911事件以後，醫療院所已發現需檢視緊急管理計畫，以確保有關輻射災害部分已適當的列入緊急管理計畫。醫療院所必須準備妥善，以處理輻射災害受傷者及民眾想瞭解對自己是否遭到輻射污染之問題。醫療院所亦必須準備妥善以掌控輻射災害發生後1至2天之狀況，直到政府單位之支援抵達。
本篇論文標題雖為” 醫學物理師於預做輻射災害準備時的角色”，惟其主要內容以介紹醫療院所因應輻射災害之整備，相關因應措施及程序。現將相關內容摘述如下：
輻射曝露或污染之原因大至可分為下列兩大類：
(1) 意外事件：包含射源之運送、醫用或工業射源之遺失或失竊、工業用照射器、醫用放射治療、核子反應器等。
(2) 恐怖事件：包含髒彈、食物(水或地表)之污染、放射線照射裝置、攻擊核子設施、小型核子武器等。
醫療院所緊急事件之整備應注意事項:
(1) 成立緊急處置部門。
(2) 成立緊急事件整備委員會。
(3) 擬定醫療院所輻射緊急應變計畫。
(4) 支援人員，包含核子醫學、放射腫瘤、輻射安全、保健物理及研究人員等各領域之專業人員。
(5) 準備適當之資源及偵測儀器。
(6) 年度訓練。
(7) 建立第一個24小時之處理能力，即You are on Your Own!(YOYO)。
(8) 對外傷病患應爭取治療黃金時機。
(9) 醫療之安定為最優先。
(10) 全方位之警戒。
(11) 具備確認已存在危險之能力。
(12) 緊急應變部門人員之劑量限值(含懷孕及志院者之風險)。
(13) 輻射污染限值。
(14) 除污事宜。
緊急處置部門將病患治療區域劃分為污染區、緩衝區及清潔區，不同區域有不同之管制措施，同時各區之間劃有一HOT LINE 以為區隔。有關輻射與污染之防護原則與其他輻射作業並無不同，其中有關設施復原時，污染部分以除污至小於正常背景之2倍為原則。
對於輻射災害發生後，災害受傷者之管理與處置需考量受傷者之病情(如:是否有嚴重外傷) 、接受之輻射劑量及污染情形。此外，對相關人員進行精神諮詢亦是重要工作之一，據統計意外事故發生後48~72小時，長期精神上之影響就會增加，由於輻射災害發生後，對狀況之不瞭解及對輻射之陌生，精神諮詢工作應立即展開，對像包含工作人員、災害受傷者及其家屬。其中緊急事件工作人員、小孩、母親、懷孕婦女及清潔人員為此類症狀之高危險群。
此外，華盛頓州環境健康部門之J Adair亦發表另一篇類似主題之文章，主要是介紹該部門對於輻射事件之立即回應者及健康照護者所辦理之訓練。該類訓練自2003年起，由該州輻射防護辦公室(ORP)規劃實施，提供一系列之放射線學之訓練，其主要目的是要教育相關人員(包含立即回應者、健康照護者及受害人員)瞭解輻射事件發生時的健康風險。課程講員主要以ORP成員為主，其他專家為輔。參加訓練成員非常廣泛，包含區域之公共衛生人員、醫生、護士、聯邦緊急事件管理部門、美國海軍、緊急醫療技術人員、消防人員，災害回應者及執法人員等。訓練主題包括對武器銷毀及輻射緊急事件之回應，並針對各項專業規劃唯一且互相關連之訓練課程，訓練課程包含教室教學及現場實習，甚至實際安排以放射性物質模擬事件之情境，以增加訓練成效。 

7、 近接治療之發展趨勢：
本篇作者介紹過去10年來近接治療發展趨勢及其相關法規，相關資料非常完整，彙整如下：
(1) 近接治療發展趨勢：近接治療型態已經有明顯之改變，近年來美國醫療院所使用近接治療方式來治療病患之情形仍然很頻繁，但是，到底那些種類的近接治療是比較熱門？那些種類的近接治療比較少使用？依臨床數據統計分析，近年來使用I-125及Pd-103進行攝護腺插種治療是很熱門且沒有減少的現象，另外使用高劑量(HDR)遙控後荷式近接治療個案也有增加趨勢，相反的，傳統的單次治療(如：使用Cs-137射源進行之婦科之治療)已漸漸被HDR多次治療所取代。
(2) 近接治療相關法規：

1. 首先，本篇文章作者提供查詢與近接治療相關法規之網站，如表4所示。

表4  Useful Web Sites with Information about Radiation, Regulations, and Regulatory Issues（Glenn P. Glasgow, 2005）

[image: image16.png]“Table 2. 10 CFR 19 (Notices, Instructions, & Reports to Workers; Inspections)
(Partial Contents)

Section

Major contents of section

‘Workers, licenses, restricted areas defined.

_11/Postings notices to workers

a) Post regulations, (i) license & its conditions;
(ii) operating procedures; (ii) violations:

b) Documents,

forms must be conspicuous.

_12/Instructions to workers

Inform about:

a) storage, use RAM;

b) health protection problems;

©) procedures to reduce exposures:

d) regulations:

e) report conditions, violations:

1) response to warnings:

2) their exposures.

~13/Notification & reports to individuals

a) Written exposure reports;

b) annual exposure reports per workers request;

<) other provisions not stated here.

14/Presence of licensee’s & workers
representatives during inspections;

ection;

a) Licensee to allow in

b) inspectors may meet workers;

©) representatives may accompany inspectors
during inspections;

d) other provisions not stated here.

.15/Consultations with workers during inspections

a) Inspectors may consult privately with workers;

b) workers may consult privately with inspectors.

_16/Requests by workers for inspections

‘Workers may request, without retribution,

inspections.





2. ” 你知道你的射源在那裡嗎？還有誰知道？ ”本篇作者亦指出，近來醫療設施內放射性物質保安問題已成為美國及國際上一項新的關切焦點。因為大多數醫療院所均持有或使用小量(數個mCi)長半化期之放射性物質(如Cs-137及Co-60等)，而此類物質卻是”髒彈”理想的成份，因此導致美國相關法規對放射性射源有較高的保安要求。
3. 本篇作者將相關法規歸納分類，並以表列方式呈現如下：
（1）10 CFR 19 (Notices, Instructions, and Reports to Workers; Inspections) 共有14個章節，自1981年12月18日發布以來尚未修訂，表5節錄其中7個章節之重要內容，包括申報、指導、報告及視察等項目。

（2）10 CFR 20 (Standards for Protection Against Radiation)共69個章節，自1991年5月21日分布以來，大部分章節均未異動（除了2002年修訂20.1002/Scope、20.1003/Definitions及20.1301/Dose Limits for Individual Members of the Public），表6及表7節錄10個章節之重要內容，包含輻射防護計畫、工作人員劑量限度、胎兒劑量、工作人員體內外劑量監測、放射性物質保安、警示標誌、放射性物質容器之標示、包件接收及拆封、量測、監測及廢棄物處理等項目。其中20.1801為放射性物質保安相關規定。

表5  10CFR 19(Notices, Instruction,& Reports to Workers; Inspections)（Glenn P. Glasgow, 2005）
[image: image17.png]“Table 3A. Unchanged Components of 10 CFR 20 (Standards for Protection Against Radiation)

Section

Major contents of section

-1101/Radiation Protection Program (RPP)

a) RPP must be developed, documented,
implemented, commensurate with
extent & scope of licensed activities;

b) ALARA for occupational & public doses;

) Annually review RPP content & implementation.

~120/0ccupational Dose Limits

a) Annual TEDE 0.05 Sv: sum of DDE & CDE
of organs 0.5 Sv: eye DE 0.15 Sv; shallow skin
or extremity DE 0.5 Sv:

b) Excess DEs must be planned;

©) Other provisions not stated here.

.1208/Dose to an Embryo/Fetus

a) 5 mSv dose to embryo/fetus, entire pregnancy,
oceupational exposure of mother;

b) Avoid variations in uniform monthly doses;

©) Dose is sum of DDE of mother &
radionuclides in mother & embryo/fetus;

d) Other provisions not stated here.

-1502/Individual Monitoring of External/Internal
Occupational Doses

a) Those likely DE 10% of limits;
b) Those in high & very high radiation areas;

©) Those likely to receive CEDE of 10% from
radionuclides;

d) Other provisions not stated here.

.1801/Security of radioactive materials

a) Secure from unauthorized removal or access
licensed material stored in controlled or
unrestricted areas;

b) Licensed material not in storage shall have
control and constant surveillance.

ALARA: as low as reasonably achievable
CDE: committed dose equivalent
CEDE: committed effective dose equivalent

DDE: deep-dose equivalent
DE: dose equivalent
TEDE: total effective dose equivalent





[image: image18.png]Table 3B. Unchanged Components of 10 CFR 20 (Siandards...Protection.

Radiation)

Section

Major contents of section

~1901/Caution Signs

Radiation symbol (trefoil) color schema (magenta,
purple, black) on yellow & design defined.

-1904/Labeling Containers Radioactive Materials

a) Containers of RAM must be marked
either “CAUTION" or “DANGER”,
RADIOACTIVE MATERIAL;

b) Label must identify quantity, date,
radiation levels, kind of material;

) Remove/deface labels on empty containers.

-1906/Receiving/Opening Packages

a) Package receipt & monitoring procedures;

b) Carrier notified if wipe test or radiation
levels exceed limits;

¢) Package opening procedures;
d) Other provisions not stated here.

-1501/Surveys and Monitoring

a) Make necessary surveys;
b) Equipment used for surveys calibrated:;

¢) Excluding direct/indirect pocket dosimeters,
NVLAP accreditation for badge processor.

.2001/Waste Disposal

a) By transfer to authorized recipient;
b) By decay in storage;
©) By effluent release within limits;

d) Others provisions not stated here.

NVLAP: National Voluntary Laboratory Accreditation Program




表6  Unchanged Components of 10CFR 20(Standards for Protection Against  Radiation)（Glenn P. Glasgow, 2005）
[image: image19.png]Table 4A. Components of 10 CFR 35 (A. B) Applicable to All Forms of Brachytherapy

2/Definitions

a) Authorized medical physicist defined;

b) LDR, MDR, HDR, PDR defined:

) Mobile medical service defined;

d) Medical event (no more misadministrations!)
explained;

) Manual prescribed dose (total sources strength
& time, or dose per WD) given;

) Remote prescribed dose (total dose & dose
per fraction per WD) given.

24/Authority Radiation Protection Program

a) Defines a stronger management role;
b) Defines & strengths RSO role.

27/Supervision

Explains role of authorized user (AU) & supervised
individuals with respect to process & procedures
with RAM.

40/Written Directives (WD)

a) Written directives required or oral
directives with 48 h for written;

b) HDR: radionuclide; site, fx dose, # fxs.
total dose:

©) Others; before tmt: radionuclide; site, dose;
before finish: # sources, total source strength
& time (or total dose); revisions allowed
during treatment.

41/Procedures...written directives

a) 1D patient;
b) Administration per WD:

©) Check manual, computer dose
calculations;

d) confirm console data.

51/Training authorized medical physicist

a) Board certifications;
b) Degrees + 1 y training + | y experience;

©) Preceptor’s written statement regarding training.




表7  Unchanged Components of 10CFR 20(Standards for Protection Against  Radiation)（Glenn P. Glasgow, 2005）
（3）10 CFR 35(Medical Use of Byproduct Material)共126個章節，本文作者將重點放在與近接治療相關之法規，表8至表12節錄相關重要內容，表8及表9適用於所有形式之近接治療，包含定義、輻防計畫之權限、管理、撰寫指示及其步驟、授權醫學物理師之訓練、持有之規定、體內有放射性物質病患之外釋、移動式醫療服務及貯存衰減等規定。

[image: image20.png]Table 4B. Some Components of 10 CFR 35 (C) Applicable to All Forms of Brachytherapy

Secti

n

Major components of section

67/Requirements for possession

a) Leak tests (<5 nCi) before Istuse, 6 mos.;
b) Exempt "Ir seeds in ribbons & unused sources:

©) G-months inventory.

75/Release... patients containing.... RAM

a) OK if others TEDE < 5 mSv/y:
b) Instruction if others TEDE > 1 mSvly.

80/Mobile medical services

a) Facility agreement letters;
b) On-site, before use survey meter checks:
©) Post-treatment surveys:

d) Possession licenses required for all sites.

92/Decay in storage

a) Ty< 120 d; decay to background level;

b) Remove labels; keep records.




表8  Components of 10CFR 35(A,B) Applicable to All Forms of Brachytherapy（Glenn P. Glasgow, 2005）
表9  Some Components of 10CFR 35(C) Applicable to All Forms of Brachytherapy（Glenn P. Glasgow, 2005）
[image: image21.png]“Table 4C. Some Components of 10 CFR 35 (F) Applicable to Manual Brachytherapy

Section

Major contents of sect

404/Surveys after... implant & removal

a) After implant; source accountability;

b) After source removal; keep records.

406/Source accountability

a)...at all times...in storaged use; record.

A10/Safety instructions

a) Initially, annually...to caregivers;

b) Size, type, handling, shielding, visitor.

Al5/Safety precautions

) No room sharing with regular patients;
b) Post room (RAM) & visitor limits;

©) Emergency equipment for source retrieval from
orin patient.

432/Source calibrations (post 10/24/04)

a) Determine output or activity:
b) Positioning in applicators per “protocols”;

©) Decay outputsfactivities at 1% intervals;
keep records.

433/Decay St sources

Only AMP shall caleulate decayed activity &
keep records.

457 Therapy-related computer systems

a) Acceptance testing per “protocols”;

b) Source input parameters; ¢) accuracy of
doseftime at points; isodose & graphics
plots;

d) localization image accuracy.





表10適用於前荷式之近接治療，包含射源插種及移除後之測量、任何過程中射源數量之計數、安全指導及警戒、射源校正、Sr-90衰減(僅AMP能計算活度及記錄)及治療相關電腦系統等規定。

表11及表12適用於遙控後荷式(RAL)之近接治療，包含病患之測量、安裝及復原、安全步驟及警戒、治療相關電腦系統、劑量系統儀器、RAUs之校驗項目及定期之spot-check及移動式RAUs之附帶要求等規定。

表10  Some Components of 10CFR 35(F) Applicable to Manual Brachytherapy（Glenn P. Glasgow, 2005）
[image: image22.png]‘Table 4D. Some Components of 10 CFR 35 (H) for Photon...Remote Afterloaders

Section

Major components of section

604/Surveys of patients

Before releasing patient...survey patient & RAU
to confirm. ..retuned to safe.

605/ Installation.....repair

a) Certain source work, ic., install, adjust
etc., by licensed person:

b) For LDR RAU, licensed person or AMP
can do certain source work; record.

610/Safety procedures

a) Secure unattended RAU;

b) Only approved individuals present in
room;

©) No dual operations;

d) Written procedures for abnormal situations;
posted copies; initial/annual instructions with
drills; records.

615/Safety precautions

a) Control access with interlock:
b) Area monitors;
©) CCTV/audio for all except LDR RAU:

d) For MPD/PDR an AMP & AU or operator-
emergency response MD present at initiation
& immediately available during treatments;
€) For HDR an AU and AMP physically present
at iitiation, but, during continuation, AMP
& AU or operator- emergency response MD:
f) Emergency equipment for unshielded
source or source in patient.

657 Therapy-related computer system

a) Acceptance testing per “protocols”;
b) Source input parameters;

©) Accuracy of doseftime at points; isodose
& graphics plots;

d) Localization image accurac;

€) Electronic transfer to RAU accuracy.





[image: image23.png]Table 4E. Some Components of 10 CFR 35 (H) for Photon...Remote Afterloaders

Section

Major contents of section

630/Dosimerty system (DS) equipment

a) Except for LDR RAUs, NIST/ ADCL
calibrated DS:

b) 2y & after service; or

©) 4y if intercompared with calibrated DS within 18
10 30 mo.& < 2% change.

.633/Full calibrations (FC) of RAUs

a) Before It use; at source exchanges &/or repairs
to exposure assembly:

b) For Ty >75 d. excluding LDR RAUS, quarterl
©) LDR RAUs yearly:

d) FC: 5% output/I mm positions, source retraction,
timer accuracy/linearity;

€) Tube lengths & functions;
) Quarterly autoradiographs of LDR RAU sources;
) Decay outputs/activities at 1% intervals;

h) FC & decay by AMP; keep records; for LDR
RAU can use manufacturer's data for FC.

643/Periodic spot-checks (SC) of RAUs

a) For LDR RAUs, before st treatment; for other
RAUs Istuse daily:

b) Per WP by AMP:
©) AMP review by 15d;

d) SC includes: interlocks, status lights, audio &
CCTV, emergency equipment, source position
monitors, timer, clocks, decayed source activity.

647/Additional requirements...mobile RAUs

a) Survey meter checks;
b) Source inventory;
©) Al 643 checks:

d) Tnterlocks, status lights, radiation monitors,
source positioning, before Ist use, simulated
treatment at each address.

ADCL: Accredited Dosimetry Calibration Laboratory
NIST: National Institute of Standards and Technology




表11  Some Components of 10CFR 35(H) for Photon…Remote Afterloader（Glenn P. Glasgow, 2005）
[image: image24.png]Table

5. Some Components of 10 CFR 35 (L) (Record Retentions)

Record Retention Requirement

Section

Duration of license

-2024/RPP (b) RSO authority.

Duration of program (device)

2610/Safety procedures for device.

Five years

2041/Procedures for WP;
2026/RPP changes.

Three years

2040/WDs;
2061/Meter calibrations;
2067/1.eak tests & inventories;
2070/Surveys;

2075/Patient release;
2080/Mobile services;
2092/Decay in storage:
2310/Safety instructions;
2404/Implants & source removals;
2406/Source accountability;
2432/Source calibrations;
2433/5r-90 decays;

2605/RAU installation, repairs;
2632/Full calibrations;

2643/Spot checks;

2647/Additional mobile records.




表12  Some Components of 10CFR 35(H) for Photon…Remote Afterloader（Glenn P. Glasgow, 2005）
表13為各項紀錄保存規定，表14則為射源及醫療事件之報告、通知等規定。其中需特別注意的是以往稱為Misadministration一詞已不再使用，而改以medical events (ME)取代。
表13  Some Components of 10CFR 35(L) (Record Retentions)（Glenn P. Glasgow, 2005）
[image: image25.png]Table 6. Some Components of 10 CFR 35 (M) (Reports....Medical Events...Sources)

Section

Major contents of scction

3045/Report/notification medical event
(excluding patient intervention) (1)

Dose differs from PD more than 0,05 Sv EDE.
0.5 Sy organtissue & SDE skin, and, TD, arid, TD
delivered differs from PD by +20% or falls outside
PD range; or single fraction delivered dose differs
from single fraction PD +50%.

3045/Report/notification medical event
(excluding patient intervention) (2)

Dose exceeds 0.05 Sv EDE, 0.5 Sv organftissue &
SDE skin, and, TD from wrong: ) byproduct
‘material; b) administration route: ¢) person;

d) treatment mode; ¢) leaking source.

3045/Report/notification medical event
(excluding patient intervention) (3)

Excluding migrating permanent implant seeds,
dose to skin/organftissue orher than treatment

site that exceeds 0.5 Sy organftissue and +50% dose
expected from WD.

3045/Report/notification medical event
(excluding patient intervention) (3) (b)

Reportany patient interventions producing
permanent/physiological damag

3045/Report/notification medical event
(excluding patient intervention) (3) (c. d)

Notify NRC next calendar day after ME with written
reportin 15 days: notify referring MD & patient
unless referring MD chooses not to for medical
reasons; details of reports omitted here.

3067/Report leaking source.

Report >5 nCi removal contamination within 5 days.

EDE: effective dose equivalent
SDE: superficial dose equivalent

PD: prescribed dose
TD: total dose.
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表14  Some Components of 10CFR 35(L) (Record Retentions)（Glenn P. Glasgow, 2005）
8、 直線加速器降低中子劑量之探討：
因近年來放射治療IMRT技術發展日趨成熟，目前已有研究單位發展出一套作業方式，將原裝設於直線加速器靶後方，用於調整照野內射束均勻度之flatness filter(整平濾片)裝置移除，藉由電腦調控準直儀葉片進出照野之位置與時間，取代整平濾片之功能。此項發展有兩大優點，茲摘述如下：

(1) 減少病患接受之中子劑量：因高能量(>10MV)直線加速器治療過程中，會因為photo-integration產生中子，造成病患接受到額外之中子劑量，而這其中有將近9%之中子劑量來自於光子與整平濾片之作用，因此，將整平濾片移除後，將可降低病患所接受之中子劑量。以假體實驗顯示，使用無整平濾片治療病患，則每個MU的中子通量降低了20%。

(2) 增加光子通量：經過散射靶之光子因少了整平濾片之衰減，其強度較整平濾片存在時提高，如此一來將可提高輸出劑量，減少單一病患之治療時間。實驗顯示，整平濾片存在時，需10981個MU，而無整平濾片時，僅需3724個MU，此外，整體中子數量亦降低了約70%。

本文作者服務於MD Anderson Cancer Center，本篇文章係使用Varian 2100直線加速器，光子能量為18 MV，分別對使用整平濾片及不使用整平濾片時，進行相關實驗。該作者期待此項技術能儘快廣泛於放射治療臨床上使用。

9、 網際網路教學於醫學物理之應用：
本篇文章主要目的為使用網際網路提供一個教室型式，並具備即時及互動的醫學物理教學方式。該計畫在加拿大Toronto-Sunnybrook Regional Cancer Centre的醫學物理部門及馬來西亞Malaya大學的放射部門合作下，已經執行了3年之久。一個位於Malaya大學的醫學物理研究生班級，經由網際網路為主要聯絡工具，能夠參與位於Toronto的演講者所提供之各種主題演講。不論是傳統課堂上的課程或是有討論、實習之研習會均能達到即時及互動之功能。本篇文章作者經由實驗建立一個合理穩定的方法，在不高的成本下，能順利的裝設及連接各個演講，並能克服廣大的不同時區，使演講者及學生之會議更加有彈性。該作者最近的研究方向為準備擴展方法，讓位於世界各處的所有學生能於同一時間參與線上即時之課程演講。此外，作者亦歡迎有性趣之講者及學生參與他們後續之計畫。
10、 放射物理中心(RPC)的品質保證工作：
本篇作者主要目的為介紹一個特別單位-放射物理中心(RPC，Radiological Physics Center) 的任務及工作。RPC於1968年由AAPM及CRTS(Committee for Radiation Therapy Studies)同意而成立，其主要任務為確保NCI(National Cancer Institute)及其合作之單位於放射治療上能有適當的品質保證作業程序，且劑量體系上無較大之差異，以使各單位之臨床治療能互相比對。RPC已經發揮其功能，連續36年來支援醫學物理師及放射治療部門。為了達成此目的，RPC監測基本的機器輸出、近接治療射源之強度、設施使用之劑量數據、治療計畫之計算邏輯及QC程序。監測之方法包含由RPC的物理師至現場進行劑量審視及多樣的遠距審核工具，其作法分別摘述如下：

(1) 現場評估部分：

1. RPC之物理師會先與設施之物理師及放射腫瘤學家就相關事項面談。

2. 其次針對治療機器進行各項物理量測。

3. 劑量及品質保證之數據亦會被審查。

4. 此外，病患各項劑量計算也一併列入評估。

(2) 遠距審核部分：

1. 郵寄熱發光劑量計評估劑量輸出的校正，及一些對人員設備異動及劑量作業改變之簡單問卷。

2. 將劑量數據與RPC的標準數據比較，以驗證劑量數據之一致性。

3. 評估參考及病患之各項劑量計算，以驗證治療計畫邏輯之妥當性。

4. 審查設施所撰寫之品質保證程序及紀錄。

5. 使用可郵寄的假體以驗證特殊治療技術之腫瘤劑量。

RPC發現任何差異後，將追蹤並協助各單位找出肇因及改善之因應對策。

2004年TLD監測之射束數量約有8800個，其監測相關數量及比較分析如圖11至圖16所示。

圖11 RPC TLD Activities (Geoffrey S. Ibbott,2005)
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圖12 Comparison of TLD Results Photons (Geoffrey S. Ibbott,2005)
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圖13 TLD Discrepancies (Geoffrey S. Ibbott,2005)
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圖14 Machines Monitored by the RPC (Geoffrey S. Ibbott,2005)
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圖15 Number of Phantom Mailings (Geoffrey S. Ibbott,2005)
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圖16 Phantom Results (Geoffrey S. Ibbott,2005)
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圖16所列不合格原因包括：錯誤的治療計畫系統數據、輸出因子、PDD、不適當之射束模式、未依量測樣本調整照射時間、peacock system之index誤差及設置誤差等原因。
RPC的查核項目中有一項較特別的是病歷之審查，透過病歷記載之相關治療紀錄(包含醫學物理部分)，RPC發現有36%的錯誤率，其中1%為系統錯誤、10%為人員失誤、25%為報告錯誤，這當中以系統錯誤有可能會影響到每一個於該設施治療之病患。
有關現場評估部分，RPC至今已監測過1387個百萬伏特之治療設施，其中80(位於美國。過去5年來RPC經由現場訪視，發現在品質保證計畫部分有超過500個以上的失誤及68個錯誤案例，這些失誤或錯誤同樣有可能衝擊到每一個於該設施治療之病患。相關訪視及分析資料如下圖所示。
圖17 On-Site Dosimetry Review Visit (Geoffrey S. Ibbott,2005)
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圖18 On-Site Dosimetry Review Visit Errors (Geoffrey S. Ibbott,2005)
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圖19 On-Site Dosimetry Review Visit Errors (Geoffrey S. Ibbott,2005)
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圖20 On-Site Dosimetry Review Visits (Geoffrey S. Ibbott,2005)
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3、 心得與建議

1、 本次AAPM年會除了7/24~7/28期間有諸多論文之發表及設備儀器展示外，AAPM並於大會開始前二天，安排有醫學物理之繼續教育課程，本次課程主題為近接治療(Brachytherapy)。此次因時程及經費限制(繼續教育課程需另外繳交報名費用)，並未參加該繼續教育課程，於大會現場向參加人員借閱講義，該課程內容並不艱深，適合從事醫學物理工作人員參與，爾後，有機會應儘量報名參加類似課程，以增進原子能委員會管制人員瞭解醫學物理之實務發展現況。

2、 科技應用之發展日新月異，本次會議期間各研究單位發表不少新的放射診斷及放射治療技術，許多國內仍屬少數或尚未使用於臨床之設備，其相關應用技術已經出現在許多研究報告及醫療器材展示場，如 PET/CT、SPET/CT、Proton Therapy、Tomo Therapy…等，特別是國內醫療院所尚未申請許可之質子治療加速器及Tomo Therapy之加速器，國外已經累積不少使用經驗。為因應將來國內相關醫療院所申請該類加速器之使用許可，原子能委員會宜儘早透過相關管道，如邀請設備代理廠商及國外學者專家來演講，或派員前往國外製造廠商及使用單位參訪，以瞭解該等設備相關運作實務、輻射防護管制及醫療品保等事宜。
3、 有關核子醫學輻射防護部分，本次發表論文之作者雖然僅針對I-131治療病人作探討，除了文中所提到之管制措施及輻射安全評估方式可供參考外，有關人口清除曲線(clearance curves，即評估民眾預期劑量使用之重要參數R(t))乙節，醫療院所應考慮建立其特有之區域人口清除曲線，以方便劑量評估使用。此外，亦可參考美國之作法，發展建立評估民眾預期劑量及產生相關文件之網站，以供民眾及醫療院所上網參考及使用，不僅使醫療院所核醫病患外釋作業之作法更趨一致，亦能提供民眾瞭解放射性物質應用之另一有效管道。

4、 目前無整平濾片之直線加速器並未於國內醫療院所使用，雖然該直線加速器能減少病患接受之中子劑量，並增加光子通量，惟此種設計方式，經過準直儀葉片前之beam profile與現行直線加速器之beam profile完全不同，如何驗證其相關品質保證項目(如輸出劑量、百分深度劑量、平坦度…等)，以及如何與現行醫療曝露品質保證法規進行比較，爾後將是醫療儀器製造廠商、醫療院所及原子能委員會需繼續探討之另一項課題。
5、 美國近年來對保安問題之重視與日俱增，相關輻射作業亦不例外，除致力於有關預做輻射災害之準備外，亦由政府部門主導規劃相關之訓練及演練課程，對災害發生時之相關人員進行各項專業訓練，以避免事件發生或降低傷害之程度。作者提供許多有關輻射緊急事件之法規，應變程序及表格，可供本會爾後研訂相關規範時參考。此外，US NRC近年來對醫學物理相關輻射作業之管制規範有一些改變，如相關專業人員(AMPs、AUs、ANPs及RSOs)之訓練及認可及10 CFR 19、10 CFR 20、10 CFR 35對近接治療作業之管制規定均有些許之修訂，本文前述所列相關法規彙整表格，亦可供原子能委員會爾後修法時參考。
6、 美國RPC擁有眾多的醫學物理人才、完善的設備及優秀的技術人力，能對各醫療設施放射治療品質保證工作提供最佳之監測服務，對廣大之病患確是一大福音。國內目前放射治療領域所具備之人力及設備規模仍遠低於美國，期待將來國內能有類似的組織成立，以嘉惠放射治療之病患。
4、 附錄

1、 第47屆美國醫學物理師學會會議議程及議題
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Because of recent terrorist events, people may be concerned about the possibility of a terrorist
attack involving radioactive materials. People may wonder what the Centers for Disease Control
and Prevention (CDC) would do to protect people’s health if such an event were to oceur. CDC
has prepared this fact sheet to help people understand the roles and responsibilities of CDC
during such an incident.

Lead Federal Agencies

In the event of a radiological accident or terrorist attack, the agency that is responsible for the
site of the incident also has responsibility for responding to the emergency and protecting the
people. property. and environment around the area. For example, if the incident occurs on
property owned by the federal government, such as a military base. research facility. or nuclear
facility. then the federal government takes responsibility. In areas that are not controlled by the
federal government, the state and local governments have the responsibility to respond to the
emergency and protect people, property, and the environment.

Regardless of whether the state, local, or federal government is responsible for responding to the
emergency, a federal agency would be sent to the terrorist incident site and would act as the Lead
Federal Agency (LFA). This agency would work with the state and local government and might
be the Nuclear Regulatory Commission (NRC), the Federal Bureau of Investigation (FBI), or
another agency depending on what type of incident occurred (accidental or intentional release of
radioactive materials) and where it occurred (nuclear power plant versus a spilled radioactive
material in an urban or suburban area). The LFA would implement the Federal Radiological
Emergency Response Plan (FRERP); within this plan, the Department of Health and Human
Services (HHS) has the major role in protecting people’s health through:

o Monitoring, assessing, and following up on people’s health

o Ensuring the safety of workers involved in and responding to the incident

o Ensuring that the food supply is safe

o Providing medical and public health advice

CDC'’s Roles
As part of HHS, CDC would be the chief public health entity to respond to a radiological
incident, whether accidental or intentional. As the chief public health entity, CDC’s specific roles
and responsibilities would include:
o Assessing the health of people affected by the incident
o Assessing the medical effects of radiological exposures on people in the community,
emergency responders and other workers, and high-risk populations (such as children,
pregnant women. and those with immune deficiencies)
o Advising state and local health departments on how to protect people, animals, and food
and water supplies from contamination by radioactive materials




[image: image39.png]o Providing technical assistance and consultation to state and local health departments on
‘medical treatment, follow-up, and decontamination of victims exposed to radioactive
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o Establishing and maintaining a registry of people exposed to or contaminated by
radioactive materials

CDC’s Partners
To carry out its roles, CDC would work with many other agencies to ensure that people’s health
is protected. These agencies may include:
e State and Local Health Departments
Department of Defense (DoD)
Department of Energy (DOE)
Department of Transportation (DOT)
HHS
- Food and Drug Administration (FDA)
- Agency for Toxic Substances and Disease Registry (ATSDR)
- Office of Emergency Response (OER)
- Health Resources and Services Administration (HRSA)
= Substance Abuse and Mental Health Services Administration (SAMHSA)
Environmental Protection Agency (EPA)
FBI
Federal Emergency Management Agency (FEMA)
NRC
Department of Agriculture (USDA)

CDC’s Actions
In the hours and days following a radiological incident, CDC would assist and advise the LFA
and the state and local health departments on recommendations that the community would need

o Protect people from radioactive fallout
o Protect people from radioactive contamination in the area
o Safely use food and water supplies from the area

o Assess and explain the dangers in the area of the incident

If necessary, CDC would also deploy the Strategic National Stockpile, a federal store of drugs
and medical supplies set aside for emergency situations.
In addition, CDC would give workers in the area information on:

o The amount of time they can safely work in an area contaminated with radicactive

‘materials

o Equipment needed to protect themselves from radiation and radioactive materials

o Types of respiratory devices needed to work in the contaminated area

o How to use radiation menitoring devices
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Following an incident involving radioactive materials, CDC would work with ATSDR to
establish an exposure registry. The purpose of this registry would be to monitor people’s
exposure to radiation and perform dose reconstructions to determine the exact amount of
radiation to which people were exposed. This registry would help CDC determine the necessary
long-term medical follow-up for those who were affected by the incident.

CDC RESPONSE

CDC PREPAREDNESS

Support:
* Deployment of Strategic National Stockpile
«  Field investigations and monitoring
«  Surveillance and epidemiological studies
«  Exposure registry and monitoring of long-
term impacts
Workforce
Facility/Equipment
Training City Advise:
Lab Capacity County Medical treatment and decontamination
Stockpile Needs State «  Criteria for entry and operations in hot
Information/Guidelines zone
Planning/Collaboration Country «  Medical intervention recommendations
Linkage/Networking Disease control and prevention measures
Resource Expansion
Capacity

Assist:

«  Protective action guidelines

«  Evacuation and relocation decisions

«  Health and medical impact on public and
responders

«  Public affairs and risk communication

For more information, see CDC’s websites at www.cde.gov, www.bt.cde.gov, and
www.cde. gov/ncely/radiation/response.htm.

The Centers for Disease Control and Prevention (CDC) protects people’s health and safety by
preventing and controlling diseases and injuries; enhances health decisions by providing
credible information on critical health issues; and promotes healthy living through strong

parmmerships with local, national, and international organizations,




[image: image41.png]FAQs

Frequently Asked Questions about a Radiation Emergency

What Is Radiation?
« Radiation is a form of energy that is present all around us.
« Different types of radiation exist, some of which have more energy than others.
«  Amounts of radiation released into the environment are measured in units called curies. However,
the dose of radliation that a person receives is measured in units called rem.

For more information on radiation measurement, see the CDC fact sheet “Radiation Measurement” at
www.bt.cdc.gov/radiation/measurement.asp.

For more information about radiation check the following Web sites:
o U.S. Environmental Protection Agency: “Radiation” (wwy.epa.gov/radiation)
« Radiation Emergency Assistance Center/Training Site of Oak Ridge Associated Universities:

“Radiation Accident Management” (www.orau.qov/reacts/injury.htm)

How Can Exposure Occur?
« People are exposed to small amounts of radiation every day, both from naturally occurring sources
(such as elements in the soil or cosmic rays from the sun), and man-made sources. Man-made
sources include some electronic equipment (such as microwave ovens and television sets), medical

sources (such as x-rays, certain diagnostic tests, and treatments), and from nuclear weapons
testing.

«  The amount of radiation from natural or man-made sources to which people are exposed Is usually
small; a radiation emergency (such as a nuclear power plant accident or a terrorist event) could
expose people to small or large doses of radiation, depending on the situation.

« Scientists estimate that the average person in the United States receives a dose of about one-third
of a rem per year. About 80% of human exposure comes from natural sources and the remaining
20% comes from man-made radiation sources - mainly medical x-rays.

«  Contamination refers to particles of radioactive material that are deposited anywhere that they are
not supposed to be, such as on an object or on a person’s skin.

« Internal contamination refers to radioactive material that is taken into the body through breathing,
eating, or drinking.

«  Exposure occurs when radiation energy penetrates the body. For example, when a person has an
x-ray, he or she is exposed to radiation.

For more information on contamination and exposure, see the CDC fact sheet “"Radioactive Contamination
and Radiation Exposure” at linati

What Happens When People Are Exposed to Radiation?
« Radiation can affect the body in a number of ways, and the adverse health effects of exposure may
not be apparent for many years.
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« These adverse health effects can range from mild effects, such as skin reddening, to serious effects
such as cancer and death, depending on the amount of radiation absorbed by the body (the dose),
the type of radiation, the route of exposure, and the length of time a person was exposed.

«  Exposure to very large doses of radiation may cause death within a few days or months.

« Exposure to lower doses of radiation may lead to an increased risk of developing cancer or other
adverse health effects later in life.

For more information about health effects from radiation exposure, check the following Web sites:
o U.S. Environmental Protection Agency: “Radiation” (www.epa.qov/radiation)
« Radiation Emergency Assistance Center/Training Site of Oak Ridge Associated Universities

“Radiation Accident Management” (www.orau.qov/reacts/injury.htm)

What Types of Terrorist Events Might Involve Radiation?

* Possible terrorist events could involve introducing radioactive material into the food or water
supply, using explosives (like dynamite) to scatter radioactive materials (called a “dirty bomb” [see
www.bt.cde.qov/radiation/dirtybombs.asp]), bombing or destroying a nuclear facility, or exploding
a small nuclear device.

« Although introducing radioactive material into the food or water supply most likely would cause
great concern or fear, it probably would not cause much contamination or increase the danger of
adverse health effects

« Although a dirty bomb could cause serious injuries from the explosion, it most likely would not
have enough radioactive material in a form that would cause serious radiation sickness among
large numbers of peaple. However, people who were exposed to radiation scattered by the bomb
could have a greater risk of developing cancer later in life, depending on their dose.

« A meltdown or explosion at a nuclear facility could cause a large amount of radioactive material to
be released. People at the facility would probably be contaminated with radioactive material and
possibly be injured if there was an explosion. Those people who received a large dose might
develop acute radiation syndrome (see www.bt.cdc.dov/radiation/ars.asp). People in the
surrounding area could be exposed or contaminated.

« Clearly, an exploded nuclear device could result in a lot of property damage. People would be killed
or injured from the blast and might be contaminated by radioactive material. Many people could
have symptoms of acute radiation syndrome. After a nuclear explosion, radioactive fallout would
extend over a large region far from the point of impact, potentially increasing people’s risk of
developing cancer over time

For more information about radiation terrorist events, see the CDC Radiation Emergencies website at
www.bt.cdc.qov/radiation or check with the following organizations
« Oak Ridge Radiation Emergency Assistance/Training Site (www.orau.qov/reacts)
« U.S. National Response Team (www.nrt.orq)
o U.S. Department of Energy (www.eneray.dov)
«  Nuclear Regulatory Commission (www.nrc.qov)
« U.S. Environmental Protection Agency (wwuw.epa.qov)
What Preparations Can I Make for a Radiation Emergency?
« Your community should have a plan in place in case of a radiation emergency. Check with
community leaders to learn more about the plan and possible evacuation routes.
o Check with your child’s school, the nursing home of a family member, and your employer to see
what their plans are for dealing with a radiation emergency.
«  Develop your own family emergency plan so that every family member knows what to do.
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«  Athome, put together an emergency kit that would be appropriate for any emergency. The kit
should include the following items:
o Aflashlight with extra batteries
o A portable radio with extra batteries
o Bottled water
o Canned and packaged food
o A hand-operated can opener
o Afirst-aid kit and essential prescription medications
o Personal items such as paper towels, garbage bags, and toilet paper

For more information about preparing for a radiation emergency event, check the following Web sites:
o Federal Emergency Management Agency (www.fema.qov)
«  American Red Cross: “Terrorism ~ Preparing for the Unexpected”
(www.redcross.ora/services/disaster/0,1082,0 589 00.html)
«  U.S. Environmental Protection Agency’s Office of Emergency Management

(www.epa.qov/swercepp)

How Can I Protect Myself During a Radiation Emergency?

« After a release of radioactive materials, local authorities will monitor the levels of radiation and
determine what protective actions to take.

o The most appropriate action will depend on the situation. Tune to the local emergency response
network or news station for information and instructions during any emergency.

« If a radiation emergency involves the release of large amounts of radioactive materials, you may
be advised to “shelter in place,” which means to stay in your home or office; or you may be
advised to move to another location.

« Ifyou are advised to shelter in place, you should do the following:

5 Close and lock all doors and windows.
5 Turn off fans, air conditioners, and forced-air heating units that bring in fresh air from the
outside. Only use units to recirculate air that is already in the building.
Close fireplace dampers.
If possible, bring pets inside.
Move to an inner room or basement.
Keep your radio tuned to the emergency response network or local news to find out what
else you need to do.
« If you are advised to evacuate, follow the directions that your local officials provide. Leave the area
as quickly and orderly as possible. In addition ~
o Take a flashlight, portable radio, batteries, first-aid kit, supply of sealed food and water,
hand-operated can opener, essential medicines, and cash and credit cards.
5 Take pets only if you are using your own vehicle and going to a place you know will accept
animals. Emergency vehicles and shelters usually will not accept animals

°
o
°
°

For more information about evacuation, see the CDC fact sheet “Facts About Evacuation During a
Radiation Emergency” at www.bt.cdc.qov/radiation/evacuation.asp.

For more information about sheltering, see the CDC fact sheet “Sheltering in Place During a Radiation
Emergency” at www.bt.cdc,gov/radiation/shelter.asp or the American Red Cross fact sheet "Shelter-in-
Place” at www.redcross.ora/services/disaster/beprepared/shelterinplace.pdf.

For more information about emergency response, check the following Web sites:
o Federal Emergency Management Agency (www.fema.qov)
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«  American Red Cross”: “Disaster Services”
(www.redcross.ora/services/disaster/0,1082,0 500 ,00.html)
o U.S. Environmental Protection Agency’s Office of Emergency Management

(www.epa.gov/swercepp)

Should I Take Potassium Iodide During a Radiation Emergency?

o Potassium iodide (KI) should only be taken in a radiation emergency that involves the release of
radioactive iodine, such as an accident at a nuclear power plant or the explosion of a nuclear bomb.
Adirty bomb” most likely will not contain radioactive iodine.

« A person who is internally contaminated with radioactive iodine may experience thyroid disease
later in life. The thyroid gland will absorb radioactive iodine and may develop cancer or abnormal
growths later on. KI will saturate the thyroid gland with iodine, decreasing the amount of harmful
radioactive iodine that can be absorbed.

« KT only protects the thyroid gland and does not provide protection from any other radiation
exposure.

«  Some people are allergic to iodine and should not take KI. Check with your doctor about any
concerns you have about potassium iodide.

For more information about K, see the CDC fact sheet “Potassium Iodide (KI)" at
www.bt.cde.qov/radiation/ki.asp or check the following Web sites:
« U.S. Food and Drug Administration: “Frequently Asked Questions on Potassium Lodide (KI)”
(www.fda.qov/cder/drugprepare/KI Q&A.htm)
« U.S. Food and Drug Administration: “Potassium lodide as a Thyroid Blocking Agent in Radiation
Emergencies” (www.fda.dov/cder/quidance/4825fnl.htm)

For more information, visit www.bt.cdc.qov/radiation,
or call CDC at 800-CDC-INFO (English and Spanish) or 888-232-6348 (TTY).
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Dirty Bombs

People have expressed concern about dirty bombs and what they should do to protect themselves if a
dirty bomb incident occurs. Because your health and safety are our highest priorities, the health experts at
the Centers for Disease Control and Prevention (CDC) have prepared the following list of frequently asked
questions and answers about dirty bombs.

What is a dirty bomb?
A dirty bomb is a mix of explosives, such as dynamite, with radioactive powder or pellets. When the
dynamite or other explosives are set off, the blast carries radioactive material into the surrounding area.

A dirty bomb is not the same as an atomic bomb
An atomic bomb, like those bombs dropped on Hiroshima and Nagasaki, involves the splitting of atoms
and a huge release of energy that produces the atomic mushroom cloud.

A dirty bomb works completely differently and cannot create an atomic blast. Instead, a dirty bomb
uses dynamite or other explosives to scatter radioactive dust, smoke, or other material in order to
cause radioactive contamination.

What are the main dangers of a dirty bomb?

The main danger from a dirty bomb is from the explosion, which can cause serious injuries and property
damage. The radioactive materials used in a dirty bomb would probably not create enough radiation
exposure to cause immediate serious illness, except to those people who are very close to the blast site.
However, the radioactive dust and smoke spread farther away could be dangerous to health if it is inhaled.
Because people cannot see, smell, feel, or taste radiation, you should take immediate steps to protect
yourself and your loved ones.

What immediate actions should I take to protect myself?

These simple steps—recommended by doctors and radiation experts—will help protect you and your loved
ones. The steps you should take depend on where you are located when the incident occurs: outside,
inside, or in a vehicle.

If you are outside and close to the incident

« Cover your nose and mouth with a cloth to reduce the risk of breathing in radioactive dust or
smoke.

« Don't touch objects thrown off by an explosion—they might be radioactive.

« Quickly go into a building where the walls and windows have not been broken. This area will
shield you from radiation that might be outside.

« Once you are inside, take off your outer layer of clothing and seal it in a plastic bag if
available. Put the cloth you used to cover your mouth in the bag, too. Removing outer clothes
may get rid of up to 90% of radioactive dust.

« Put the plastic bag where others will not touch it and keep it until authorities tell you what to
do with it.
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« Shower or wash with soap and water. Be sure to wash your hair. Washing will remove any
remaining dust.
* Tune to the local radio or television news for more instructions.

If you are inside and close to the incident
« If the walls and windows of the building are not broken, stay in the building and do not leave.
« To keep radioactive dust or powder from getting inside, shut all windows, outside doors, and
fireplace dampers. Turn off fans and heating and air-conditioning systems that bring in air
from the outside. It is not necessary to put duct tape or plastic around doors or windows

« If the walls and windows of the building are broken, go to an interior room and do not leave.
If the building has been heavily damaged, quickly go into a building where the walls and
windows have not been broken. If you must go outside, be sure to cover your nose and
mouth with a cloth. Once you are inside, take off your outer layer of clothing and seal it in
plastic bag if available. Store the bag where others will not touch it.

« Shower or wash with soap and water, removing any remaining dust. Be sure to wash your
hair.

* Tune to local radio or television news for more instructions.

« Ifyouarein a car when the incident happens

« Close the windows and turn off the air conditioner, heater, and vents

« Cover your nose and mouth with a cloth to avoid breathing radioactive dust or smoke.

« If you are close to your home, office, or a public building, go there immediately and go inside
quickly.

« If you cannot get to your home or another building safely, pull over to the side of the road
and stop in the safest place possible. If it is a hot or sunny day, try to stop under a bridge or
in a shady spot.

« Turn off the engine and listen to the radio for instructions.

« Stay in the car until you are told it is safe to get back on the road.

What should I do about my children and family?
« If your children or family are with you, stay together. Take the same actions to protect your whole
family.
« If your children or family are in another home or building, they should stay there until you are told it
is safe to travel.
« Schools have emergency plans and shelters. If your children are at school, they should stay there
until it is safe to travel. Do not go to the school until public officials say it is safe to travel.

How do I protect my pets?
« If you have pets outside, bring them inside if it can be done safely.
« Wash your pets with soap and water to remove any radioactive dust

Should I take potassium iodide?
« Potassium iodide, also called KI, only protects a person's thyroid gland from exposure to radioactive
fodine. KI will not protect a person from other radioactive materials or protect other parts of the
body from exposure to radiation.
« Since there is no way to know at the time of the explosion whether radioactive iodine was used in
the explosive device, taking KI would probably not be beneficial. Also, KI can be dangerous to some
people.
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Will food and water supplies be safe?

« Food and water supplies most likely will remain safe. However, any unpackaged food or water that
was out in the open and close to the incident may have radioactive dust on it. Therefore, do not
consume water or food that was out in the open.

« The food inside of cans and other sealed containers will be safe to eat. Wash the outside of the
container before opening it.

« Authorities will monitor food and water quality for safety and keep the public informed.

How do I know if I've been exposed to radiation or contaminated by radioactive materials?

« People cannot see, smell, feel, or taste radiation; so you may not know whether you have been
exposed. Police or firefighters will quickly check for radiation by using special equipment to
determine how much radiation is present and whether it poses any danger in your area.

« Low levels of radiation exposure (like those expected from a dirty bomb situation) do not cause any
symptoms. Higher levels of radiation exposure may produce symptoms, such as nausea, vomiting,
diarrhea, and swelling and redness of the skin.

« If you develop any of these symptoms, you should contact your doctor, hospital, or other sites
recommended by authorities.

Where do I go for more information?
« For more information about dirty bombs, radiation, and health, contact:

o The Conference of Radiation Control Program Directors (CRCPD)
http://www.crepd.org (502) 227-4543

« The U.S. Environmental Protection Agency (EPA)
http://www.epa.qov/radiation/rert,

«  The Nuclear Regulatory Commission (NRC) http://www.nrc.qov/ (301) 415-8200

o The Federal Emergency Management Agency (FEMA) http://www.fema.qov/ (202) 646-4600

o The Radiation Emergency Assistance Center/Training Site (REAC/TS)
http://www.orau.qov/reacts/ (865) 576-3131

« The U.S. National Response Team (NRT) http://www.nrt.ora/

o The U.S. Department of Energy (DOE)
http://www.enerqy.dov/engine/content.do 1-800-dial-DOE

For more information, visit www.bt.cdc.dov/radiation, or call CDC at
800-CDC-INFO (English and Spanish) or 888-232-6348 (TTY).
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[image: image57.jpg]TABLE 1: ACUTE RADIATION SYNDROME
1 Gray (Gy) = 100 rads 1 cenciGray (cGy) = | rad

‘Whole body radiation from external radiation or internal absorption
§"'.‘,‘ of Feature Subelinical range Sublethal range Lethal range
- G- 100rad] 100200rad | 200-6007ad | 600-8001ad | 800300073 | >3000rad
orcGy | 126y 26Gy 68 Gy 830Gy >30Gy
Prodromal Nausea, none 5-50% 50 - 100% 75-100% 90-100% 100%
Phase vomiting
Time of onset 3-6hrs 2-4 hrs 1-2hrs <lhr Minutes
Duration i [ <2abes <48 brs <48 hrs WA
Lymphocyte ‘Unaffected| Minimally | < 1000 at 24 hr | < 500 at 24hr. Decreases within | Decreases
count decreased ‘hours within hours
NS function No No Cognitive Cogaitive Rapid incapacitation, often after
impairment| impairment | impairment | impairment for |  lucid period of up to
for 6-20 hrs >24 hrs several hours
Tatent Phase | Absence of S2wis | 15days | 07 days 02 days None
(subclinical) | Symptoms
Acute Signs and none ‘Moderate Severe leukopenia, purpura, Diarrhea Convulsions,
Radiation Symptoms leukopenia | hemorrhage Fever Ataxia,
Tliness or Pneumonia Electrolyte Tremor,
"Manifest Hair loss after 300 rad/3 G; disturbance Lethargy
illness" phase| Time of onset >2 wks 2 days - 2 wks 1.3 days
Critical period Done "3-6 wks - Most potential for 2-14 days T8 brs
effective medical intervention
Organ system | none Hematopoietic and respiratory Gl tract RS
(mucosal) systems Mucosal systems
Hospitali- | % 0 <% 0% 100% 100% T00%
zation Duration 45-60 days | 60-90 days 90+ days weeks to months | days to weeks
Mortality None Minimal | Low with High Very high, significant neurological
aggressive therapy symptoms indicate lethal dose.

TABLE 2: SyMPTOM CLUSTERS AS DELAYED

TABLE 3: PoTasstum IoDIDE DOSAGES:

The cassim showld be ioken once o O
ERFECTS AFTER RADITION EXPOSURES ik ofsglhcons et v et s e ey
Headache | Partial and full thickness
Fatigue skin damage Age group Dosage
Weakness | Hair loss Infants < 1 month 16 mg
Ulceration Children 1 months-3 yrs 32mg
Anorexia | Lymphopenia Children 3-18 yrs S me
Nausea | Neutropenia Adults 0
Vomiting | Thrombopenia mg
Diarthea | Purpura * For information regarding preparasion of poassiven idine solion.
Opportunistic infections e gcderrgprepareies






5、 參考資料及感謝

本篇報告所述各主題內容來源皆為第47屆美國醫學物理師學會會議中所發表之論文(包含壁報展示)，感謝相關作者提供之摘要、講稿及資料，其中R. Julian Preston、David J. Keys, PhD、Cari Borrás, D.Sc.、Ralph P. Lieto, MSE、Geoffrey S. Ibbott, Ph.D.、Thomas B. Shope等作者於會議結束返回工作單位後，仍熱心提供更多詳盡之補充資料，在此特別致謝。
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