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摘要
1、 印尼政府於1982年起開始執行環境相關法規，但就有毒及有害廢棄物污染場址管制始於2009年設有專法，相關配套措施仍需時建置，需仰賴具整治經驗團隊予以協助。
2、 印尼近年來經濟起飛，偏重經濟發展而忽略環境品質之案例時有所聞，為解決前開問題，印尼環境資源部辦理「印尼國際合作工作小組及現地整治交流計畫」，盼能借鏡美國及我國土壤及地下水污染整治經驗，提供建議。
3、 鑒於印尼政府對於土壤及地下水污染整治政策及執行架構有待加強，於交流會議中簡介我國土壤及地下水污染整治政策及相關配套措施，並搭配實際案例解說，供印尼政府參考。
4、 出席本研討會主要心得摘錄如下：
（1） 印尼近年來經濟起飛，著重經濟發展，因此衍生許多環境問題，與我國早年面臨環境問題相當類似，我國處理環境事件之經驗對印尼十分具有參考價值；目前印尼環境意識亦逐漸抬頭，執政當局勢必面對累積已久的環境問題。
（2） 印尼公共衛生、勞工安全衛生與環境保護觀念較薄弱，河川受污染情形嚴重，資源回收與垃圾分類亦不普遍，對健康危害之認知明顯不足。若欲進一步與印尼環境部交流，應可輸出我國過去推動環境保護事務之觀念及作法，以供其學習。
（3） 印尼針對土壤及地下水污染事件，目前雖已針對有害及有毒廢棄物造成之污染立法進行管制，尚有許多待補強之處；此次參訪之場址皆以個案方式呈現，未見通案處理模式，顯示其法令規章及執行體系仍有待建置。就此，可輸出我國土壤及地下水污染整治架構及相關經驗，以供其參考。
（4） [bookmark: _GoBack]本次參訪行程印尼全國及地方報紙皆有報導，顯示該國已逐漸注重環境保護，可視為與印尼深化合作之契機，並藉由簽訂合作備忘錄建立交流管道，分享臺灣經驗，輸出污染整治技術，促進國際合作。
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[bookmark: _Toc407323652]壹、目的
印尼政府環境相關法規於1982年起開始執行，並於1997年進行修法，直到2009年對於有害及有毒事業廢棄物場址之整治始有專法管制，但除前開規定所列之場址之外，尚有其他許多類型污染場址仍束手無策；為解決前開問題，印尼環境部（Ministry of Environment Republic of Indonesia，簡稱MOE RI），研擬「2014年有害及有毒廢棄物污染場址整治交流專案計畫（Workplan for Hazardous and Toxic (HAZTOX) Waste Contaminated Site Remediation Cooperation Program 2014）」，邀請美國環保署及我國環保署進行三方交流，其中包含交流會議、現地訪查及後續三方遠距視訊追蹤會議等。
本次交流專案印尼官方主動邀請美國及我國環保署，並由印尼能源及礦業部、工業部、農業部、健康部、中央及地方相關主管機關陪同出席交流，印尼方面欲借助我國土壤及地下水污染整治經驗，顯見我國在東南亞土壤及地下水污染整治已立於領導者的地位，且有助於提升我國國際形象及能見度。
其中關於交流會議及現地訪查部分，已規劃「印尼國際合作工作小組及現地整治交流計畫（International Cooperation Workshop and On Site Decontamination in Indonesia）」其行程共計9日，實地訪查印尼兩處場址，瞭解其環境實際問題，並辦理「污染場址整治技術最佳實務研討會」，交流與會各國處理污染整治經驗。
本次交流可達到下列效益：
（1） 分享我國在土壤及地下水污染整治政策推動經驗，宣傳我國執行土壤及地下水污染整治成果。
（2） 參考美國及印尼整治經驗，進行交流互動，加強我國與印尼等東南亞國家土壤及地下水污染整治合作。
（3） 更新與會各國土壤及地下水污染政策發展現況，蒐集與會各國對土壤及地下水污染整治進行合作之意見與建議，期許我國可由環保技術輸入國轉型為環保技術輸出國，並使我國成為土壤及地下水污染整治之領導者。
[bookmark: _Toc407323653]貳、交流計畫過程
[bookmark: _Toc407323654]一、交流計畫行程表
	日　　期
	地　　點
	說　　　　明

	月
	日
	起
	訖
	

	9
	21
	台北
	印尼
	1. 啟程，出發至雅加達。
2. 傍晚與印尼環境部、美國環保署人員共同會面瞭解此行概要。

	9
	22
	印尼
Tarakan
	1. 自雅加達機場搭乘國內線班機於Balikpapan 轉機至 Tarakan。
2. 晚餐時由Tarakan市環境部人員簡要說明油污染場址概況，並分發個人安全防護設備。

	9
	23
	印尼
Tarakan
	1. 上午現勘油污染場址：Don Bosco 中學、高爾夫球場、旅社舊址、護理學校及醫院、醫生住宅。
2. 下午與Tarakan市市長會面說明現勘評估結果，及建議應辦理相關應變作業事項。

	9
	24
	印尼
Tegal
	自Tarakan機場搭乘國內線班機於Balikpapan 轉機返回雅加達後，至Gambir車站搭乘火車至Tegal。

	9
	25
	印尼
Tegal
	1. 至Tegal市市長辦公室聽取當地環保單位及學校單位對當地重金屬污染場址所辦理之調查作業成果後，現勘原家庭金屬熔煉作業聚落、及新設於之金屬熔煉作業工廠。
2. 傍晚搭乘至火車返回雅加達。

	9
	26
	印尼
雅加達
	1. 上午參加參加「污染場址整治最佳實務國際技術交流研討會(International Knowledge Sharing on Best Practices in Contaminated Site Remediation Workshop)」（第一天），於會中介紹我國土壤及地下水污染整治政策及整治基金運作方式。
2. 下午拜會印尼環境部部長秘書，提議雙方可簽定合作備忘錄(MOU)深化交流。

	9
	27-28
	印尼
雅加達
	整理參訪資料，並就參訪污染場址之後續管制措施與美方代表進行意見交流。

	9
	29
	印尼
雅加達
	參加「污染場址整治最佳實務國際技術交流研討會(International Knowledge Sharing on Best Practices in Contaminated Site Remediation Workshop)」（第二天），於會中介紹我國重金屬及油品類污染場址處理經驗，並就場址監督驗證及後續管制流程進行說明。

	9
	30
	印尼
	台北
	回程



[bookmark: _Toc407323655]二、交流計畫出席人員
本次交流計畫出席人員單位如表1所示，含括目前整治實務經驗人員，針對印尼現有污染問題提出建議，並充分於出席期間與各國專家交流。
表1、本次交流計畫我國出席人員單位
	姓名
	服務單位
	職稱

	洪豪駿
	環保署土污基管會
	特約高級環境技術師

	陳育廷
	環保署土污基管會
	特約助理管理師

	賴允傑
	瑞昶科技股份有限公司
	經理

	顏丞凱
	業興環境科技股份有限公司
	經理



[bookmark: _Toc407323656]三、交流計畫執行情形
本次公務出國參訪行程地點主要為雅加達、打拉根（Tarakan）、及直葛（Tegal）三處，前往打拉根需搭乘印尼國內線班機並於巴里巴伴（Balikpapan）轉機，其相對地理位置示意如圖1。

雅加達
Tegal
Tarakan
Balikpapan

底圖來源：Google map 地圖。圖 1 本次公務出國參訪行程地點位置示意圖


（1） [bookmark: _Toc407323657]Tarakan油污染場址現勘
[bookmark: _Toc407323658]1、場址情境及現勘過程
Tarakan市位於印尼婆羅洲（Borneo）北加里曼丹省（North Kalimandan）東方的一個小島，面積約為657平方公里，總人口數約為230萬人，地理位置如圖2所示。此地蘊含豐富之石油及天然氣，1896年荷蘭BPM（Bataavishe Maatchapij Petroleum）石油公司首次鑽挖270公尺之油井成功之後，荷蘭人於1905年至1942年占領期間即於此地開鑿了千餘口油井開採石油，距今已有近百年之歷史。1942至1945年二次世界大戰期間，Tarakan市為日本人於印尼第一個佔領之島嶼，即著眼於此地盛產之石油，日本人於佔領期間，若評估認為已無產油功能之油井均予以填埋，僅留下可產油之油井。二次大戰之後，印尼國有Pertamina公司持續開採原油，其後尚有二十多家世界各國石油公司於此地鑽井開採原油，1997年之後因相關環境法令之限制，目前僅餘印尼國有Pertamina EP公司與私營Medco公司於Tarakan市開採原油。然原有荷蘭人所開鑿之千餘口油井，目前僅餘七十餘口持續運作，其餘之油井位置不詳，可能已遭當地居民於建築道路房舍時填埋。由於部分區域地下油位距地表相當近，最淺者於地下25公尺即可採集到原油，也因此部分區域可能在大雨時因地下水位上升，油位亦上升因而自地表漫出，造成一些環境上的問題，如地基掏空房屋傾斜、室內地面滲油、屋外排水系統、池塘及地下水槽中浮油分布，然因部分區域遭居民違法占有使用，政府難以掌握實質受污染情形。
目前Tarakan市受油品污染場址位置包含一些廢棄廠址，及運作中之學校與高爾夫球場等公共設施、民宅等區域，總污染面積初步估算約為12公頃，場址內民眾長期暴露於污染環境中，對生活與健康造成極大風險之虞。有關當局正積極想找出污染源及污染擴散分布範圍，並嘗試相關應變與圍堵措施，阻絕公眾場所中學童與人員之暴露途徑，避免直接或間接接觸油品污染物質，影響大眾與居民健康。現階段Tarakan市油品污染整治工作仍在污染調查與資訊建立之初步階段，印尼環保部當局認為針對油品污染物傳輸與暴露途徑之評估，需要更全面之考量與研擬綜合性整治與控制措施，至於短期內針對污染區域緊急應變措施主要以關閉與限制場址相關活動與人為使用為主。本市最早發現場址油品污染為2013年中由Tarakan市環保局對印尼環保部陳情信中提出，然而因為該場址民眾認為Tarakan島數百年前即為原油探採生產及石油化學煉製工業所在地，因此居民認為場址及地面溝渠冒出油品為正常現象，並將居住與活動於污染場址中視為日常生活之一部分，故因居民危機與環保意識不足，導致長期暴露於高污染環境中，殊不知油品污染對居民健康及環境造成威脅甚鉅。因此，有關當局首要任務應為依據法令釐清相關污染責任與義務，並儘速要求相關單位與污染行人採取調查、應變與整治措施。有關本場址污染相關事件與調查活動時間序列整理如表2所示。由以上場址調查與相關討論會議等活動達成之共識與成果如下：
[image: ]底圖來源：Google map 地圖。
圖2 Tarakan污染場址地理位置圖



表2 Tarakan油品污染場址相關事件時間序列表
	項次
	時間
	事件
	備註

	1
	2014.02.13
	主管機關首度至場址進行污染場地勘查
	

	2
	2014.03.11
	舉辦場址初次討論會議，決定可行之工作計畫與調查方法
	會同專家學者、土地關係人、市政主管部門單位共同與會

	3
	2014.03.12~
2014.03.13
	第二次場址勘查並進行詳細調查工作
	印尼有害物質及廢棄物管理部門副部長參訪

	4
	2014.05.13~
2014.05.15
	場址第一次土壤及地下水採樣工作
	

	5
	2014.06.15
	場址第一次污染調查檢測數據提送
	

	6
	2014.06.23
	專家學者與當地政府討論採樣結果
	於雅加達辦理

	7
	2014.07.14
2014.07.18
	重新進行第二次場址土壤地下水採樣工作
	加採鄰近原油及天然氣探採井內油品比對分析

	8
	2014.08.26
	內部會議討論原油探採井非法占用問題
	

	9
	2014.09.23
	美國環保署及台灣環保署、印尼環保部至本場址參訪，提供相關建議
	



(1) 油品污染場址分布區域包含醫院、中小學、護士學校、醫生住宅、政府機關辦公大樓、高爾夫球場、教堂以及加油站。
(2) 廢棄之護士學校於建築結構物上發現許多裂痕，且整體建築物已發生傾斜之現象，現已撤離學校相關人員並限制建築物使用與活動。
(3) 場址污染深度為地表下0~12公尺，並流布於排水溝、池塘及地面裂縫
(4) 污染物主要以原油及懸性油泥為主
(5) Patamina國有石油公司聲稱該公司在污染場址周圍並無原油探採井或相關探採活動，但根據過去資料指出該區域在荷蘭占據時期即為廢棄油泥貯存處理場所。



[image: ]
底圖來源：Google map 地圖。
圖3 Tarakan主要污染場址站點地理位置示意圖
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	Don Bosco 小學外觀
	學校內排水溝區浮油滲出
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	教室與學童緊鄰污染排水溝渠
	教室後方排水溝渠浮油分布
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	高爾夫球場溝渠浮油分布
	高爾夫球場池塘表面浮油分布


照片拍攝日期：103年9月23日。
圖4  Tarakan場址現勘及參訪照片(1/3)
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	現勘過程討論與建議
	廢棄旅館室內地面滲出油品污染物
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	護士學校主建築物龜裂傾斜
	護士學校校區後方地面及排水溝污染

	[image: ]
	[image: ]

	當地醫生自宅後院廢油泥分布
	場址參訪前與石油公司討論會議


照片拍攝日期：103年9月23日。
圖4  Tarakan場址現勘及參訪照片(2/3)
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	至市長辦公室參加簡報與討論會議
	台灣參訪團於Tarakan市長辦公室合影

	[image: ]
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	至市長辦公室參加場址簡報與討論會議
	與Tarakan市長合影與交換禮物
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	當地石油探採井告示牌
	當地石油與天然氣探採井


照片拍攝日期：103年9月23日。
圖4  Tarakan場址現勘及參訪照片(3/3)

本場址各站點相關位置如圖3所示，場址現勘及會議討論相關照片如圖4所示，本場址主要參訪地點包含當地小學(Don Bosco School)、高爾夫球場、廢棄旅館(Hotel Elmi Indah)、廢棄護士學校、以及醫院(WWP Tarakan Hospital)、當地醫生住宅等，依據地理分布位置由南向北依序勘查，場址參訪過程主要由印尼環保部及當地兩間石油公司(Pertamina、Medco)協助場址參訪，茲將各場址站點現勘相關成果說明如下。
(1) 首站為當地一所小學(Don Bosco Junior High School)，該學校主建物為一兩層樓建築物，排水溝渠主要分布於校園西側及北側鄰近校園邊界圍牆區域，校園西側區域地面並無鋪面，可觀察到大量油污殘留吸附於土壤表面。
(2) 由校區現場勘查結果發現學校內排水溝滿布油品污染，且觀察部分油污持續自排水溝結構裂縫孔隙中滲出，惟現場並無明顯刺鼻之油氣味，推測污染物應為高碳數原油類化合物。而學校教室及學童活動區域皆緊鄰遭受油污染排水溝，直接暴露於污染之環境中，對學生健康風險影響甚劇。
(3) 本場址第二站為一高爾夫球場，位於小學之北側區域，可觀察到球場內排水溝渠表面皆滿布大量浮油，同時草地上存在明顯油泥，且球場內池塘亦觀察到池水表面浮油分布之狀況。
(4) 本場址第三站為一廢棄旅館(Hotel Elmi Indah)，旅館周圍溝渠及房間內地面可觀察到大量油品污染分布之狀況，推測為油品污染自地下湧出並沿地面裂縫滲出造成。由現地訪查得知部分居民仍會非法居住與使用該廢棄建築物，並可能使用該區域地下水，直接暴露於污染風險中；且前述各場址勘查步行沿途亦零星發現油污滲漏點，顯示本區域污染情形相當普遍。
(5) 本場址第四站為一廢棄護士訓練學校，由建築物外觀發現結構明顯龜裂與傾斜現象，且建築物後方地面存在大面積油品污染分布，因考量該結構物安全性，有關當局已全面撤離學校人員並封鎖該區域做為管制區域，禁止人員活動。
(6) 本場址第五站為一當地醫生自宅，觀察住宅後院發現地面大量油品污染分布，池塘及溝渠內亦發現油品污染物，惟現階段該住戶並未撤離該住所區域，仍持續居住使用。
(7) 於場址參訪完成後，代表團一行驅車至市長辦公室進行討論，並由當地石油公司進行場址現況與背景資料初步簡報，再由本署代表團及美國環保署專家給予技術指導與建議，並同與會相關人員進行意見交流與討論。
本場址於2014年5月13日至15日針對場址內明顯油污染區域進行第一次土壤及地下水採樣調查，採樣位置包含護士學校溝渠、學校建築物前後方污染土地、高爾夫球場土壤及溝渠，以及當地小學之土壤與校區溝渠。表3及表4為本場址第一次採樣分析數據彙整表，由採樣結果顯示本場址總石油碳氫化合物濃度極低，並無明顯測值，推測該調查結果與現場污染分布實際狀況明顯不符，可能為取樣過程代表性不足，或是採樣單位、檢測單位技術與執行力仍須進一步評估與確認。
有鑒於此，有關單位於2014年7月14日至18日再次至本場址進行第二階段土壤與水體採樣工作，相關檢測數據請參考表5及表6所示，其中可發現護士學校建築物後方排水溝中水體TPH濃度最高達7,620 mg/L，而足球場後方排水渠道中水體TPH濃度亦達1,320 mg/L，而醫院飲用水源則測到0.44mg/L之輕微TPH濃度；在土壤的部分，由檢測結果發現污染場址周圍土壤及廢油泥中皆含有極高之TPH濃度分布，學校及高爾夫球場土壤中TPH濃度皆超過100,000 mg/kg，部分污染區域地面油泥與浮油濃度甚至超過500,000 mg/kg，污染程度十分嚴重。後續須儘速釐清污染洩漏來源、劃定污染範圍與管制區域，同時建置相關阻絕措施，避免本場址污染情形持續擴大。

表3 本場址第一次地下水採樣結果(2014.05)
	NO
	ITEM
	UNIT
	WATER NURSERY ACADEMY 
	WATER NURSERY ACADEMY DITCH 
	FEED WATER FOR TARAKAN HOSPITAL 
	GOLF COURSE DITCH WATER 
	DON BOSCO SCHOOL DITCH WATER 
	NATIONAL STANDARD FOR CLASS3 WATER 

	1. 
	TPH 
	mg/L 
	<0.3 
	<0.3 
	<0.3 
	<0.3 
	<0.3 
	-

	2. 
	As 
	mg/L 
	<0.0007 
	<0.0007 
	<0.0007 
	<0.0007 
	<0.0007 
	1 

	3. 
	Cd 
	mg/L 
	<0.0008 
	<0.0008 
	<0.0008 
	<0.0008 
	0.0013 
	0.01 

	4. 
	Cr 
	mg/L 
	0.005 
	<0.002 
	0.101 
	0.003 
	0.077 
	0.05 

	5. 
	Co 
	mg/L 
	<0.002 
	<0.002 
	<0.002 
	<0.002 
	0.004 
	0.2 

	6. 
	Hg 
	mg/L 
	<0.0005 
	0.0016 
	<0.0005 
	<0.0005 
	0.003 
	0.002 

	7. 
	Ni 
	mg/L 
	<0.002 
	<0.002 
	0.562 
	0.005 
	0.053 
	- 

	8. 
	Sn 
	mg/L 
	<0.001 
	<0.001 
	<0.001 
	<0.001 
	- 
	- 

	9. 
	Pb 
	mg/L 
	<0.005 
	<0.005 
	<0.005 
	<0.005 
	0.232 
	0.03 

	10. 
	Ag 
	mg/L 
	<0.002 
	<0.002 
	<0.002 
	<0.002 
	<0.002 
	-

	11. 
	Zn 
	mg/L 
	0.1304 
	0.0713 
	0.0866 
	0.0829 
	4.4614 
	0.005 



表4 本場址第一次土壤採樣結果(2014.05)
	NO. 
	PARAMETER 
	UNIT 
	SLUDGE NURSERY ACADEMY 
	SOIL FOOTBALL FIELD BEHIND NURSERY ACADEMY 
	SOIL NEAR THE TARAKAN HOSPITAL WWTP 
	SOIL BEHIND THE DOCTOR HOUSE 
	GOLF COURSE SOIL/SLUDGE 
	SOIL/SLUDGE DON BOSCO 

	1. 
	TPH 
	mg/kg 
	<4 
	<4 
	<4 
	<4 
	<4 
	<4 

	2. 
	As 
	mg/kg 
	<0.07 
	0.23 
	0.59 
	0.07 
	0.4 
	0.24 

	3. 
	Cd 
	mg/kg 
	0.27 
	<0.08 
	0.19 
	<0.08 
	<0.08 
	<0.08 

	4. 
	Cr 
	mg/kg 
	17.2 
	6.9 
	15.5 
	1.7 
	5.3 
	6.8 

	5. 
	Co 
	mg/kg 
	0.3 
	1.0 
	0.3 
	<0.2 
	0.9 
	0.3 

	6. 
	Hg 
	mg/kg 
	<0.05 
	<0.05 
	2.75 
	0.15 
	0.58 
	5.63 

	7. 
	Ni 
	mg/kg 
	3.8 
	4.9 
	8.0 
	1.5 
	6.6 
	2.8 

	8. 
	Sn 
	mg/kg 
	12.8 
	3.0 
	10.0 
	<0.1 
	25.8 
	7.4 

	9. 
	Pb 
	mg/kg 
	5.8 
	9.8 
	12.1 
	0.9 
	295.0 
	29.2 

	10. 
	Ag 
	mg/kg 
	0.5 
	0.4 
	1.2 
	0.2 
	0.4 
	0.3 

	11. 
	Zn 
	mg/kg 
	41.5 
	37.5 
	175.1 
	7.5 
	131.3 
	44.9 




表5 本場址第二次地下水採樣結果(2014.07)
	樣本編號
	採樣位置
	TPH檢測值(mg/L)

	A1
	護士學校建築物後方排水溝
	7,620

	A2
	學校足球場後方排水渠道
	1,320

	A3
	高爾夫球場內排水溝渠
	2

	A4
	醫院飲用水源
	0.44

	A5
	Don Bosco小學校舍後方圍牆排水溝
	234

	A6
	Don Bosco小學校舍前方排水溝
	120

	A7
	鄰近Pertamina公司石油探採井水體
	ND



表6 本場址第二次土壤採樣結果(2014.07)
	樣本編號
	採樣位置
	TPH檢測值(mg/kg)

	SL1
	學校足球場旁地面油泥
	176,000

	SL2
	醫院廢水處理廠地表土壤
	300,000

	SL3
	當地醫生自宅後院地表土壤
	356,000

	SL4
	高爾夫球場地表土壤
	238,000

	SL5
	Don Bosco小學籃球場地表土壤
	382,000

	M1
	護士學校後方化糞池人孔上油泥
	680,000

	M2
	當地醫生自宅前方排水溝中浮油
	805,000

	M3
	廢棄旅館Hotel Elmi地表浮油
	458,000

	M4
	Don Bosco小學校舍後方排水溝浮油
	774,000

	M5
	Pertamina公司鄰近石油探採井內油品
	533,000




印尼環保部計畫於2014年底前根據場址第二次取樣結果及地質調查資料，擬定完整工作計畫，並確認相關經費來源，同時規劃於2015年辦理下列事項：
(1) 透過細密及完整調查，確認Tarakan市油品污染場址熱區範圍與確切污染分布區域地圖，並精確估算受污染場址面積與污染土壤體積。
(2) 依據污染範圍分布地圖建立風險區域分級，做為場址管理之依據。
(3) 確認污染物質物化特性及污染傳輸等特性
(4) 追蹤與確認土壤及地下水污染來源，以及利用相關專業鑑定技術確認污染歷史及相關來源
(5) 推估污染分布流向，做為相關阻絕圍堵與控制措施參考依據
[bookmark: _Toc407323659]2、現勘結論
(1) 目前該場址相關工作仍在初步階段，首要重點工作應為限制部分區域之使用，儘速清理已知之污染物質，並避免居民直接暴露於高風險污染中。
(2) 該場址部分區域仍屬公共使用區域，如學校、球場及醫院等單位，場址之使用及管理缺乏全面性風險考量及規劃。
(3) 污染洩漏來源、範圍及應負責之單位等相關議題仍有待釐清，場址存在許多不確定性因素。
[bookmark: _Toc407323660]3、建議採行作為
(1) 由於當地民眾對污染場址環境及污染危害之環保意識明顯不足，建議應針對場址活動人員辦理相關知識宣導與教育訓練說明會，告知污染可能產生對人體與環境之相關危害。
(2) 建立與實施場址管制必要措施，減少暴露途徑避免直接接觸污染物質，例如吸入或使用地下水造成健康風險危害。
(3) 針對廢棄未使用之場址應關閉，建立封鎖與警界措施，並豎立告示牌避免民眾誤入而接觸污染環境；如廢棄護理學校等區域因建築物有結構安全之疑慮，應考慮辦理安全性評估後儘速拆除建物避免崩塌產生危險。
(4) 使用中之公眾場所，如學校、高爾夫球場或其他地方，應儘速移除與清理地面與溝渠中油品污染，並建立相關防線與隔離措施，儘量避免場所人員接觸污染物質。
(5) 當地雖有許多場址為廢棄場址，惟許多當地人非法占有土地建物並阻礙相關調查與管制工作進行，建議由當地政府執行公權力驅離非法佔領行為，俾利後續相關調查與管制措施進行。
(6) 廢棄旅館仍有居民非法占用內部污染房舍，應樹立告示牌並確實管制該區域人員出入，提供居民如飲用水等必要之援助，並清理建築物周圍與內部房舍地面蓄積之油品污染物質，同時嚴禁煙火避免產生爆炸等危險，明確限制該區域地下水之使用。
(7) 由於本場址相關調查資料與代表性仍明顯不足，建議於本場址進行地球物理探測及水文地質等細部補充調查，明確建立本場址工業管線及貯槽位置分布、油品污染分布熱區範圍、浮油分布範圍，以及油品污染化合物成分等相關資訊，完整建立場址概念模型與污染分布地圖，進而估算污染面積與污染土方數量，同時明確找出洩漏污染源，做為於後續相關管制與整治工作辦理參考。
(8) 若以短中長期規劃檢視本場址相關管理措施，則短期應先針對場址進行調查並研擬控制與整治策略，進行相關可行性試驗，中期則積極採取整治行動，並長期監測場址污染變化與移除情形，做好場址控制與管理工作。
(9) 因現階段場址居民存在立即性暴露風險，故建議應立即移除與減少相關暴露途徑，例如學校區域應將緊鄰污染排水溝之教室門窗緊閉並加裝空調設備，同時清洗與修補排水系統，或是建置浮油收集井或截流溝等設施，避免油品持續滲漏與逸散。若學校教室空間足夠亦可考慮將學童移至遠離污染溝渠之校舍，避免直接接觸污染物質。
(10) 可針對場址周圍如學校教室內外空氣進行採樣分析，確認空氣中有害或揮發性氣體濃度是否達標。
(11) 建議可根據場址水文地質調查結果，於下游地區建立水力控制、浮油回收系統或反應牆等污染阻絕帶與攔截系統，避免污染由熱區持續向外擴散。


（2） [bookmark: _Toc407323661]Tegal重金屬污染場址現勘
[bookmark: _Toc407323662]1、場址情境及現勘過程
直葛（Tegal）位於雅加達東南方約三百公里處，隸屬中爪哇省，北側緊鄰爪哇海（如圖5）。
現勘共有三個主要行程，首先至直葛市政府聽取當地環保單位對該市重金屬污染場址的相關背景資料以及政府現行處置作為，之後訪查原家庭金屬熔煉作業聚落，最後再前往鄰近之新設金屬熔煉作業工廠。

直葛（Tegal）
雅加達















底圖來源：Google map 地圖。
圖5 直葛（Tegal）地理位置示意圖

本日所參訪現勘之兩處污染場址位於直葛火車站南方約六公里處（如圖6），兩者相距約一公里（如圖7），依據印尼環保部及直葛市政府所提供之資料，原位於東側之家庭熔煉作業聚落區域原聚集有約300戶家庭，長期收受外來金屬廢棄物如廢鉛蓄電池、電子產品、鐵鋁罐、廢鑄件等，以人力分撿篩分後，將同類金屬集中後熔煉，以最傳統的碳火爐熔煉，環保單位稱其於住家「廚房」直接加熱，實際作業歷史已難以考證。

直葛火車站
原家庭熔煉作業聚落
新設金屬熔煉作業工廠



























底圖來源：Google map 地圖。
圖6 直葛（Tegal）鉛污染場址地理位置示意圖
由於金屬熔煉作業產生大量之粉塵及廢棄物，據統計已造成超過400名居民有呼吸道之疾病、1名因肺病死亡、5名智力受損。當地居民於2007年指出地下水受到污染，2008-2009年直葛市政府進行相關污染調查作業，調查發現水中銅、鋅受到污染。直葛市政府於2011年並調查發現有59名居民血鉛中濃度明顯偏高，其中46名血鉛濃度超過10 µg/dL，此濃度已遠高於美國衛生及疾病管制局CDC於2012年調降之血鉛濃度危害參考標準5 µg/dL。另363位居民有急性呼吸道疾病、97名有消化功能降低、74名有出現皮膚過敏（皮膚炎）之症狀。
直葛市政府評估認為污染嚴重，因此於2010年提供鄰近一處約2公頃之區域新建集中式之熔煉作業工廠，並將此作業聚落之熔煉作業於2012年遷移至新工廠區作業，但原家庭聚落區域仍有三戶約31名居民不願遷移至新址而於原處持續作業。
2012年直葛市政府委託當地Padjadjaran大學針對當地棄置之重金屬廢棄物及地下水污染情形進行更詳盡之調查，估算當地居民於早期填埋沼澤低地所棄置掩埋之重金屬廢棄物約為0.5～2.5公尺，面積約為13,459平方公尺，廢棄物總量約為16,200立方公尺。


原家庭熔煉作業聚落
新設金屬熔煉作業工廠















底圖來源：Google earth 地圖。
圖7 直葛（Tegal）鉛污染場址地理位置示意圖

於原家庭聚落區域現勘可觀察發現，當地婦女拆解破碎不同之金屬廢棄物，長期接觸各類金屬污染物，粉塵逸散情形嚴重，居民並直接在工作區域旁煮食。熔煉作業人員在無安全維護之情形下作業，可能會吸入具揮發性之金屬污染物。廢棄物堆置區露天棄置大量污染物，可能隨雨水逸散擴散，且據瞭解非法棄置期間甚久，已污染地下水。值得關注的是孕婦及孩童均於場址自由出入，孩童於作業區各處赤腳追逐嬉戲，所揚起之粉塵量極高，孩童手腳均沾黏相當多的粉塵，可能會有時入及吸入重金屬污染物之情形。場址周邊並有小區域農地果園栽種香蕉，另於墓園中亦可發現隨意傾倒之廢棄物。場址各區域之配置如圖8，現場勘查照片如圖9。
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底圖來源：Google earth 地圖。
註：①為廣場停車場，②為婦女拆解熔煉作業區域，③為熔煉作業區，④為周邊農地栽種香蕉，⑤為廢棄物棄置掩埋區，⑥為墓園。
圖8 直葛（Tegal）原家庭金屬熔煉作業聚落污染場址示意圖
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	居民回收分選之資源回收物（瓶罐、電子零件）
	婦女破碎篩分回收物作業環境
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	婦女破碎篩分回收物作業
	婦女破碎篩分回收物作業環境
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	婦女破碎篩分回收物皮膚附著粉塵
	破碎篩分回收區旁之廚房


照片拍攝日期：103年9月25日。
圖9  直葛原家庭熔煉作業聚落現況照片（1/3）
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	熔煉作業區域
	熔煉爐
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	熔煉作業環境
	鋁鑄件成品
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	含高濃度重金屬廢棄物棄置區
	含高濃度重金屬廢棄物棄置區


照片拍攝日期：103年9月25日。
圖9  直葛原家庭熔煉作業聚落現況照片（2/3）
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	當地幼童赤腳於廢棄物區嬉戲
	當地幼童嬉戲揚起粉塵
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	美國環保署人員持XRF於作業區入口篩測
	美國環保署人員持XRF於拆解作業區篩測
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	當地圍觀民眾（婦女為孕婦）
	場址周邊居民


照片拍攝日期：103年9月25日。
圖9  直葛原家庭熔煉作業聚落現況照片（3/3）
會同現勘之美國環保署人員透過美國大使館之協助攜帶攜帶式X-射線螢光光譜儀（Field portable X - ray fluorescence）至現勘篩測確認地表之重金屬濃度，共篩測24組地表樣品，以鉛濃度而言僅有1組樣品鉛濃度值低於400 mg/kg，世界衛生組織與美國環保署均建議若鉛污染濃度大於400 mg/kg，應立即移除污染物。另地表樣品砷、鉛、鋅均有多筆樣品濃度值超過1%，汞最高濃度達430 mg/kg，並檢出極高濃度之放射性元素釷（如表7及表8）。顯示此區域重金屬污染情形嚴重，應立即採取必要之應變作為。
表7 以XRF篩測直葛重金屬污染場址地表重金屬濃度統計結果
	元素
	砷
	汞
	鉛
	鋅
	鐵
	釷

	最高值(mg/kg)
	35,000
	430
	143,000
	315,000
	98,000
	358

	平均值(mg/kg)
	2,213
	63
	7,700
	69,867
	32,057
	61


表8 以XRF篩測直葛重金屬污染場址地表重金屬濃度部分結果
	篩測地點
	廣場入口
	廣場1
	廣場2
	廣場3
	作業區
門口

	砷(mg/kg)
	227
	ND
	ND
	ND
	198

	銅(mg/kg)
	3,521
	3,854
	5,325
	9,659
	74,000

	鎳(mg/kg)
	244
	367
	1,043
	645
	1,609

	鉛(mg/kg)
	4,727
	4,654
	17,900
	7,250
	6,604

	鋅(mg/kg)
	29,100
	48,900
	125,300
	116,400
	315,300

	鐵(mg/kg)
	30,300
	39,900
	36,200
	40,500
	69,300

	錳(mg/kg)
	3,842
	2,836
	1,708
	5,583
	4,026



	篩測地點
	回收物分選作業區1
	回收物分選作業區2
	熔煉作業區1
	熔煉作業區2
	廢棄物棄置區

	砷(mg/kg)
	206
	256
	ND
	ND
	144

	銅(mg/kg)
	29,500
	43,800
	40,500
	71,500
	5,007

	鎳(mg/kg)
	1,404
	957
	614
	531
	419

	鉛(mg/kg)
	7,325
	6,313
	9,769
	8,555
	7,274

	鋅(mg/kg)
	183,900
	136,800
	59,700
	55,100
	95,800

	鐵(mg/kg)
	
	28,100
	16,500
	17,000
	34,400

	錳(mg/kg)
	1,817
	1,742
	1,355
	1,424
	3,848






[bookmark: _Toc407323663]2、現勘結論
經與美國環保署人員討論後，針對本次現勘參訪之兩處場址，提出現勘結論以及建議當地環保單位應對於污染場址所應辦理之後續相關建議如下：
(1) 所現勘之兩處兩址均已具有對人體健康及環境影響危害之情形。
(2) 對居民之風險危害：
主要需關切受影響之個體包含：孩童、生育年齡婦女、孕婦、胎兒。
次要應關切受影響之個體包含：所有當地居民及作業人員。
(3) 持續暴露於鉛污染環境下對孩童可能造成之健康危害包含：
智力發育遲滯、注意力無法集中、心血管疾病、免疫疾病、內分泌失調
(4) 污染物暴露途徑：吸入、食入、皮膚接觸
(5) 既有公衛調查資料顯示當地居民血鉛濃度已有明顯偏高現象，居民並已有急性呼吸道疾病、消化功能降低、皮膚過敏（皮膚炎）之症狀，若不採取任何因應作為，受影響人數及程度將會不斷增加。
(6) 原家庭熔煉作業聚落地表重金屬濃度相當高，明顯有受鉛、銅、鋅、汞之污染。
(7) 原家庭熔煉作業聚落區域，居民日常生活環境均暴露於重金屬危害下，如以掃帚掃地即會揚起相當多粉塵至整個生活環境，廚房中餐具亦均有相當多粉塵，日常作業通道亦有相當多粉塵，孩童均於作業環境中嬉戲。
(8) 新設金屬熔煉作業工廠缺乏空氣污染防治設備。
當地政府雖於2012年將多數原家庭熔煉作業人員均遷移至新設之金屬熔煉作業工廠，然現勘發現此工廠雖集中多數熔煉作業，但熔煉、鑄件方式事實上與原作業方式並無相當大的差異，僅多了廠房設施，主要之污染問題仍然存在，但因並非位於住宅區，且設有保全管理，婦女及小孩並不會至此工廠活動，減少暴露危害。然而工廠內之工人仍暴露於各項酸氣、粉塵、高溫之不安全勞工作業環境，工廠內雖設有煙囪，但並未設置任何空氣污染防制設備，半數之工人雖戴有棉質口罩，但事實上熔煉及鑄造作業所產生之煙塵顆粒均相當細微，棉質口罩並無法改善勞工吸入粉塵之問題。另此工廠周邊均為農地，長此以往，工廠周邊農地應即會受到重金屬之污染。工廠現勘照片如圖10。
[bookmark: _Toc407323664]3、建議應採行之作為
(1) 應針對非法傾倒含重金屬廢棄物之區域進行管理：
減少暴露、減少污染物濃度、阻止污染物之擴散逸散
(2) 減少及移除場址外之點狀廢棄物棄置污染物（如墓園內局部遭傾倒之廢棄物）
(3) 新設之金屬熔煉作業工廠應設置空氣污染防治設備，以減少含重金屬粉塵逸散。
(4) 新設之金屬熔煉作業工廠應加強勞工作業安全衛生管理，如熔煉作業區應設置抽氣罩。
(5) 應尋求衛生單位協助：居民公共衛生教育、居民血鉛濃度監測、長期鉛污染危害流行病學研究。
(6) 資源回收物分揀篩分破碎作業建議應集中以減少污染物逸散。
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	新設工廠大門
	工廠作業區地表粉塵污染嚴重
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	工廠熔煉鑄造作業
	工廠熔煉作業區煙塵逸散
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	工廠熔煉鑄造作業
	工廠熔煉鑄造區外觀


照片拍攝日期：103年9月25日。
圖10  直葛新設金屬熔煉作業工廠現況照片
[bookmark: _Toc407323665]參、心得及建議
印尼過去長期由軍政府領政，前總統蘇哈托於1997年下台後，自1999年展開民主政治後迅速實施地方分權，自2001年元旦開始全國29個省和約300個地區擁有了當地財政預算和行政的自主權。此舉主要是為了緩和過去中央集權時代，自然資源豐富地區多數稅收均上繳至中央政府所引起之不滿，如亞齊和伊里安查亞省分離主義活動造成的緊張局勢。根據地方分權計劃，地方政府控制採礦、森林和漁業收入的80%，以及石油和天然氣行業收入的15%，另對當地的醫療保健、教育、土地所有權和投資等事務的自治權也得到擴大。
然而地方分權自治也造成了中央政府對地方政府鬆散的控制能力，印尼環保部與美國大使館人員於此行中均提及中央政府在地方上很難推行政策，即使是我們此行參訪發現Tarakan與Tegal的污染危害情形顯而易見，各界也均知道其對健康之危害性，在臺灣已可依據相關法令執行相關應變必要措施，但地方政府可能因財政因素或相關知識技術的缺乏或不足而未及處理，往往因污染危害程度不斷擴大或事態嚴重，才希望中央環保部前往提供相關協助。
另代表處人員與印尼環保部人員均提及，印尼環保部相對在印尼政府組織中是較為弱勢的部會，環境法令規範尚屬健全但執行力不佳，人力資源亦相當有限，如負責處理全國土壤及地下水污染事務之人員僅三人且兼辦其他業務。而由此行參訪亦可發現，印尼國民普遍並無公共衛生、勞工安全衛生與環境保護之觀念，生活環境普遍髒亂，河流中堆滿垃圾、河川受污染情形嚴重，資源回收與垃圾分類亦不普遍，對健康危害之認知明顯不足。若欲進一步與印尼環保部交流，應可輸出我國過去推展環境保護事務之觀念及作法供其學習。
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International Cooperation Workshop And Site Visit On Site Decontamination in Indonesia,
21-29 SEPTEMBER 2014
MOE RI-US EPA-EPA TAIWAN
I. RATIONALE
One of the key principles in the environmental protection and management is the “polluter’s pays principle”. This was designed to provide a firm basis on law enforcement to parties that have conducted environmental contamination/pollution or detriment. A fixed consequence based on this principle is the obligation of parties to conduct site remediation for contaminated or detriment site. 
In Indonesia, this obligation was already took place since the first environmental law was stipulated on 1982, and refined by the second law on 1997. However, the detailed arrangements and mechanism of contaminated site remediation were still very minimal and were not formalized in regulation forms. On 1999, the government regulation regarding haztox waste was stipulated and still become the sole foundation of haztox waste management in Indonesia. A key element of this government regulation is the inclusion of generic arrangements site contaminated remediation, but only on haztox waste sources of contamination.
A breakthrough was made on 2009 by the stipulation of Ministerial Decree No. 33 Year 2009, which provide a more technical and practical guideline for site remediation in Indonesia, specifically from haztox waste sources of contamination.  Haztox waste contaminated site remediation is the main focus of site remediation in Indonesia, so other sources was not managed thoroughly yet. Another issue is that there are various types of contaminated sites, such as small areas and abandoned sites, and these types are not yet manage in the MD 33/2009.
II. GOALS AND OBJECTIVES
The goal of the site visit of the contaminated site remediation location in Tegal and Tarakan, as well as the workshop International Knowledge Sharing on Best Practices in Contaminated Site Remediation” is to expand the insight and enhance the capacity of related stakeholder in the field of contaminated site remediation in Indonesia, emphasizing in aspects as follows:
a. The development of the most suitable system and regulation on contaminated site remediation in Indonesia; and
b. Information and knowledge updating on the technical aspects of contaminated site remediation (novel technology available and uses, effective methods of identification and surveys, novel delineation methods (boundary set up), national thresholds on soil quality after the remediation (trigger and target threshold values)
The objectives of these site visit and workshop activities are:
a. Sharing the knowledge and providing international inputs/insights on various methods of solving the contaminated site remediation, especially on small sites, abandoned sites and small scale responsible parties’ sites.
b. Discussing the good and best practices as well as success stories from international experience on contaminated site remediation, as a mean to provide inputs to the enhancement of the system of contaminated site remediation in Indonesia.
The ouputs expected from these activities are:
a. Formulation of inputs and insight in technical aspects from international experts in relation with the efforts of solving several cases of contaminated site remediation in Indonesia, especially in sites that are small in areas, abandoned sites and small scale responsible parties’ sites (case study Tarakan and Tegal); and
b. Formulation of inputs to enhance a build a more suitable system of contaminated site remediation in Indonesia

III. GENERAL DESCRIPTION OF ACTIVITIES
The site visit and workshop are planned to be held in a week time span, with three groups of activities which are:
a. Site visit to the crude oil and oil sludge suspected contaminated site location in Tarakan City, North Kalimantan;
b. Site visit to the heavy metal contaminated site (from small scale smelting activities)  remediation works in Tegal Regency, Central Java Province; and
c. Workshop with the theme: “International Knowledge Sharing on Best Practices in Contaminated Site Remediation”
These three activities will be held by an organizing committee under the coordination of MOE RI, with the assistance from several local stakeholders, such as provincial government, regency/city government, business owner related to the matter, and local experts. 
These activities will also be an international event, by inviting several experts from the US EPA and Taiwan EPA who will be involved as a technical experts in the site visit as well as resource persons in the workshop
IV. TIME AND PLACE
These three activities will be conducted in a sequential order from 21 to 29 September 2014 (the effective time span would be 7 office days due to the Saturday and Sunday holidays). The location of the activities are: 
a. Site visit to the crude oil and oil sludge suspected contaminated site location in Tarakan City, will be held in the Tarakan City, North Kalimantan Province, Republik Indonesia from 22-24 September 2014 
b. Site visit to the heavy metal contaminated site (from small scale smelting activities)  remediation works in Tegal Regency, Central Java Province, will be held in Pasarean Village and Lemah Duwur Village, Adiwerna District, Tegal Regency, Central Java Province, Republik Indonesia; from 24-25 September 2014 and
c. Workshop with the theme of: “International Knowledge Sharing on Best Practices in Contaminated Site Remediation”, will be held in Jakarta on 26 September 2014 and 29 September 2014 (two days workshop)

V. ORGANIZING COMMITTEE AND PARTICIPANTS
The acitivites participants are:
	NO.
	ACITIVITY
	PARTICIPANTS

	1. 
	Site visit to the crude oil and oil sludge suspected contaminated site location in Tarakan City
	US EPA Experts, EPAT experts, KLH, PPE Kalimantan, Pemprov Kaltara, Pemkot Tarakan, Pertamina EP Asset 5 Tarakan, Medco EP Tarakan, KEMSDM, SKK Migas, Kemkes, dan SKPD lokal yang relevan

	2. 
	Site visit to the heavy metal contaminated site (from small scale smelting activities)  remediation works in Tegal Regency, Central Java Province
	US EPA Experts, EPAT Experts, KLH, PPE Jawa, Pemprov Jateng, Pemkab Tegal, UNPAD, Kemenperind, KemUKM, Kemkes dan SKPD lokal yang relevan

	3. 
	Workshop with the theme of: “International Knowledge Sharing on Best Practices in Contaminated Site Remediation”,
	US EPA Experts, EPAT Experts, KLH, PPE, beberapa pemprov dan pemkot/pemkab terkait, KEMESDM, SKK Migas, Kemkes, Kemenperind, KemUKM, beberapa penanggung jawab usaha dan/atau kegiatan yang terkait 




VI. AGENDA
TENTATIVE AGENDA- REVISION 6 
(after meeting with local stakeholder 9 September 2014 + update hotel from US Embassy Jakarta)-
International Cooperation Workshop And Site Visit On Site Decontamination in Indonesia,
21-29 SEPTEMBER 2014

	NO
	TIME SCHEDULE
	EVENT
	REMARKS

	DAY 1/ 21 SEPT 2014

	1. 
	08.00 – 12.00

	Arrival and Pick Up of USEPA and EPAT Delegates 
	

	2. 
	13.00 – 14.00
(duration: 60 min)
	Briefing KLH and US EPA + EPAT at Hotel Lobby
	· The hotel will be Mandarin Oriental (where the US EPA delegates staying) Address: Jalan M.H. Thamrin, Indonesia Phone:+62 21 29938888
· MOE RI does not provide accommodation to the US EPA and EPAT delegates

	3. 
	15.00 
	Rest
	

	DAY 2/ 22 SEPT 2014 (Travel to Tarakan-The Crude Oil Contaminated Site)

	1. 
	11.40 – 14.55 (duration: 2 hours)
	Flight from Jakarta to Balikpapan
	AIRLINE: GARUDA INDONESIA


	2. 
	16.35 – 17.35
(duration: 1 hour)
	Flight from Balikpapan to Tarakan
	AIRLINE: GARUDA INDONESIA
· TOTAL RETURN TICKET FEE JKT-TARAKAN-JKT: UP TO USD 700 per person 
· MOE RI does not provide airfare ticket, but booking of the flight is possible

	4. 
	17.35 – 17.45
(duration: 10 min)
	Travel to Hotel
	Recommended hotel: 
· Swissbell Hotel Tarakan (Hotel Address :
Jl. Mulawarman No. 15, Tarakan 77111
Tarakan , Indonesia Tel +(62-551) 21133
Fax   : +(62-551) 36633 (up to 150 USD per night) ; or
·  Tarakan Plaza Hotel (Jalan Yos Sudarso No. 12A, Tarakan, Kalimantan Timur, Indonesia  Telp. +62-551-21870 (up to 100 USD per night)

	5. 
	17.45 – 18.00
(duration: 15 min)
	Check in and Rest 
	

	6. 
	18.00 – 21.00
(duration: 3 hours) 
	Briefing for Site Visit (Meeting with Local Government) and Dinner 
	· MOE RI will give a short introduction on the case (10 min)
· Tarakan City Environmental Agency (TCEA), Pertamina and Medco will give a short briefings on the site we are about to visit (TCEA 10 min, Pertamina 10 min, Medco 10 min)
· Distribution of personel protective equipment (masks, gloves, etc)

	7. 
	21.00 
	Rest
	

	DAY 3/ 23 SEPT 2014 

	1. 
	08.00 – 08.30
(duration: 30 min)
	Departure from hotel to the 1st site 
	· 1st site: Don Bosco Junior High School
· MOE RI will give opening remark before departure (5 min)
· Site visit guide: Pertamina and Medco
· Preliminary Team must have to meet the school authority to brief them a week before  the visit

	2. 
	08.30 – 09.30
(duration: 60 min)
	Site visit at the Don Bosco School vicinity
	· Visit to crude oil seepage suspected areas
· Visit to oil sludge storage suspected areas

	3. 
	09.30 – 09.45
(duration: 15 min)
	Departure from the school to the 2nd site 
	

	4. 
	09.45 – 10.30 (duration: 75 min)
	2nd site visit 
	· 2nd site: Golf course
· Visit the crude oil suspected area at the golf course

	5. 
	10.30 – 10.45
(duration: 15 min)
	Departure from the golf course to the 3rd site 
	

	6. 
	10.45 – 11.30
(duration: 45 min)
	3rd site visit 
	· 3rd site: ex Hotel Elmi
· Visit the crude oil suspected area at the ex Hotel Elmi

	7. 
	11.30 – 11.45
(duration: 15 min)
	Departure from the ex Hotel Elmi to lunch place
	

	8. 
	11.45 – 12.45
(duration: 60 min)
	Departure to lunch place and prayer break
	We will be having lunch at the Padang Restaurant across the golf course (per person up to 10 USD)

	9. 
	12.45 – 13.00
(duration: 15 min)
	Departure to the 4th site 
	4th site: ex Nursery Academy and the Hospital WWTP

	10. 
	13.00 – 14.00
(duration: 60 min)
	4th site visit 
	· US EPA and EPAT experts will have a short orientation on the site

	11. 
	14.00 – 14.30
(duration: 30 min) 
	Preparation on the ceremony of closing the ex nursery academy site
	· The ex nursery academy will be closed officially (by setting up a permanent boundary) by the Deputy Minister for Domestic, Haztox Substance and Waste Management along with the Mayor of Tarakan (or his representative)
· There will be tents and chair for invitee to sit

	12. 
	14.30 – 14.40
(duration: 10 min)
	Remarks from the Deputy Minister for Domestic, Haztox Substance and Waste Management
	

	13. 
	14.40 – 14.50 (duration: 10 min)
	Remarks from the Governor of North Kalimantan (or his representative) 
	*tentative




	14. 
	14.50 – 15.00 (duration: 10 min)
	Remarks from the Tarakan Mayor (or his representative) and Official Statement of closing the ex nursery area
	

	15. 
	15.00 – 15.30
(duration 30 min)
	Official closing the ex nursery area
	· The Deputy and Tarakan Mayor will press the button to open the sign of “restricted area, under supervision of MOE RI and Government of Tarakan City and Government of Northern Kalimantan for Site Remediation”

	16. 
	15.30 – 16.00
(duration 30 min)
	Departure from the 4th site back to the mayor office
	

	17. 
	17.0 – 17.30
(duration 90 min)
	Closing meeting at the mayor office
	· The closing meeting will be attended by stakeholder involved
· There will be 15 minutes of preliminary  analysis, conclusion and suggestion:
a. US EPA experts (15 min presentation); and 
b. EPAT experts (15 min presentation)
· This meeting would provide a venue of knowledge sharing especially from US EPA and EPAT to give a preliminary analysis and suggestion on the next action plan needed to conduct site remediation in Tarakan

	18. 
	17.30 – 18.00
(duration 30 min)
	Departure to the hotel 
	

	19. 
	19.0 
	Rest
	

	DAY 4/ 24 SEPT 2014

	1. 
	06.30 – 06.45
(duration: 15 min)
	Check out from the hotel and departure to Tarakan airport
	

	2. 
	06.45 – 08.10
 
	Check in to the airline and wait at the airport
	

	3. 
	08.10 – 09.15
(duration 60 min)
	Flight from Tarakan to Balikpapan
	AIRLINE: GARUDA INDONESIA

	4. 
	09.15 – 10.55

	Transit procedure and wait at Balikpapan airport
	

	5. 
	10.55 – 12.00
(duration 2 hours)
	Flight from Balikpapan to Jakarta 
	AIRLINE: GARUDA INDONESIA

	6. 
	12.00 – 13.00
(duration 1 hour)
	Travel from Jakarta Airport to lunch venue near the Gambir train station
	

	7. 
	13.00 – 15.00
(duration 2 hours)
	Lunch and Prayer break 
	

	8. 
	15.00 – 15.30
(duration 30 min)
	Travel to the Gambir Train Station
	

	9. 
	15.30 – 17.00
	Check in and wait at the station
	

	10. 
	17.00 – 20.39 
(duration 3 hours 30 min)
	Departure by train (Argo Sindoro) to Tegal
	TRAIN: ARGO SINDORO EXECUTIVE CLASS
FEE: up to USD 25 per person

	11. 
	20.39 – 21.00
(duration 21 min)
	Arrive at Tegal Station and travel to the Hotel 
	Recommended hotel: Bahari Inn – Tegal
Jl. Dr. Wahidin Sudirohusodo no.01
TEGAL 52116, CENTRAL JAVA Phone :(62) (0283) 343399 ( hunting ) Fax : (62) (0283) 358909
Home page : http://www.bahariinn.com
 (UP TO 130 USD per night)

	12. 
	21.00 
	Rest
	

	DAY 5/ 25 SEPT 2014

	1. 
	07.30 – 08.30
	Briefing for Site Visit (Meeting with Local Government) 
	· Venue: Tegal Regency Environmental Agency Office or Tegal Regent Office, to be determined
· The briefing will by lead by MOE and Tegal Regency Environmental Agency/TREA (there will be a presentation from TREA on the progress of site remediation in Tegal and expected plans and results)
· Venue: Tegal Regent Office


	2. 
	08.30 – 09.30
(duration 60 min)
	Travel to the site of ex artisanal battery and metal smelter, Pasarean Village and Lemah Duwur Village, Adiwerna District, Tegal Regency, Central Java Province  
	· There is another location (Kebasen) that also needed to be visited 


	3. 
	09.30 – 10.00
(duration 30 min)
	Local Opening Meeting with the local community leader (Camat and Kades)
	· MOE RI will give a short overview on the site visit purposes and agenda.
· Preliminary Team must have to meet the local community leader to brief them a week before  the visit

	4. 
	10.00 – 12.00
(duration 2 hours)
	Site visit of of ex artisanal battery and metal smelter
	· Field orientation by the experts from US EPA and EPAT
· There will be representative from UNPAD (Padjadjaran University) who will give a brief guide on the research conducted on 2012

	5. 
	12.0 – 12.30 
(duration 30 min)
	Local closing meeting with the local community leader (Camat and Kades)
	

	6. 
	12.30 – 13.00
(duration 30 min)
	Travel back to Tegal city 
	

	7. 
	13.00 – 14.00 
(duration 60 min)
	Lunch and prayer break



	



	8. 
	14.00 – 16.00
(duration 2 hours)
	Final closing meeting with the Local Government and related stakeholder
	Venue to be determined, proposed hotel Bahari Inn


	9. 
	16.00 – 16.30 (duration 30 min)
	Travel to Tegal Train Station
	

	10. 
	16.30 – 18.00
	Check in and wait at Tegal Train Station
	

	11. 
	18.00 – 21.44
(duration + 4 hours)
	Train from Tegal to Jakarta
	TRAIN: ARGO MURIA EXECUTIVE CLASS
FEE: UP TO USD 25 per person

	12. 
	21.44 – 22.00
	Arrive at Gambir Station Jakarta
	

	13. 
	22.00 – 22.30
(duration 30 min)
	Travel to Hotel 
	

	14. 
	22.30
	Rest

	


Workshop: 
“International Knowledge Sharing on Best Practices in Contaminated Site Remediation”
	DAY 6/ 26 SEPT 2014 (WORKSHOP day 1-Friday)

	1. 
	08.30 – 09.00
	Registration
	VENUE: HOTEL BOROBUDUR JAKARTA

	2. 
	09.00 – 09.20
(duration 20 min)
	Opening report and remarks from the Deputy Minister for Domestic, Haztox Substance and Waste Management
	· The Deputy will present an opening presentation on Site Remediation Policy and Practices in Indonesia (it also will cover some generic aspects on the abandoned sites cases)

	3. 
	09.20 – 09.30
(duration 10 min)
	Opening Remarks/Speech from the Minister of Environment *
	*To be announced (tentative)

	4. 
	09.30 – 09.40
(duration 10 min)
	Opening remarks from the HE US Ambassador to Indonesia
	*To be announced (tentative)

	5. 
	09.40 – 09.45
(duration 5 min)
	Opening ceremony of the workshop (gong sound)
	

	6. 
	09.45 – 11.45
(duration 2 hours)
	SESSION I:
INTERNATIONAL FRAMEWORKS/REGULATION FOR SITE REMEDIATION:
a. 30 mins EPAT, 
b. 30 mins USEPA, 
c. 1 hr discussion
	Moderator: Head of Division for Manufacture Sector

	7. 
	11.45 – 11.50
(duration 5 min)
	Closing and conclusion of Session I
	By moderator

	8. 
	11.50 – 12.00
	Closing of workshop day 1
	

	9. 
	12.00 – 13.30 
	Jumat Prayer and Lunch Break
	

	DAY 7/ 29 SEPT 2014 (WORKSHOP Day 2-Monday)

	1. 
	08.30 – 09.00
	Registration
	

	2. 
	09.00 – 09.30
(duration 30 min)
	Opening remarks Day 2 from the Assistant Deputy for Haztox Waste Management and Site Remediation (5 min)
 + 
Presentation:
a. Indonesia Experience and Practices on Hazardous and Toxic Waste Contaminated Site Remediation (15min)
b. Lesson Learned from Business Owner Point of View on Site Remediation (10 min)
	Presenter: 
a. Assistant Deputy for Haztox Waste Management and Site Remediation (20 min)
b. Pertamina RU VI Balongan (10 min)



	3. 
	09.30 – 11.30
(duration 2 hours)
	SESSION II:
HEAVY METAL/BATTERY SMELTER REMEDIATION:
a. 30 mins EPAT, 
b. 30 mins USEPA, 
c. 1 hr discussion
	Moderator: Head of Division for Haztox Waste Management Services Sector

	4. 
	11.15 – 11.30
(duration 15 min)
	Closing and conclusion of Session II
	By moderator

	5. 
	11.30 – 12.30
(duration 1 hour)
	Lunch and Prayer Break
	

	6. 
	12.30 – 14.30
(duration 2 hours)
	SESSION III:
PETROLEUM/OIL SLUDGE REMEDIATION:
a. 30 mins EPAT, 
b. 30 mins USEPA, 
c. 1 hr discussion
	Moderator: Head of Division for Mining, Energy and Oil and Gas Sector

	7. 
	14.30 – 14.45
(duration 15 min)
	Closing and conclusion of Session III
	By moderator

	8. 
	14.45 – 16.45
(duration 2 hours)
	SESSION IV:
POST REMEDIATION MONITORING ISSUES AND PRACTICES:
a. 30 mins EPAT, 
b. 30 mins USEPA, 
c. 1 hr discussion
	Moderator: Head of Division for Agroindustry Sector

	9. 
	16.45 – 17.00
(duration 15 min)
	Closing and conclusion of Session IV
	By moderator

	10. 
	17.00 – 17.30
(duration 30 min)
	Closing remarks by Deputy Minister for Domestic, Haztox Substance and Waste Management and Closing ceremony
	

	11. 
	17.30
	Workshop ends
	


MISCELLANOUS INFORMATION:
a. 1 USD = 12,000 Rupiah
b. Rupiahs fraction: 100,000; 50,000; 20,000; 10,000; 5,000; 2,000; 1,000
c. 1 Big Mac = 35,000 Rupiah
d. Temperature rate:
· Jakarta: 32o – 34o C (daytime) 23o – 26o C (nighttime)
· Tarakan: 29o – 31o C (daytime) 23o – 24o C (nighttime)
· Tegal: 30o – 34o C (daytime) 24o – 25o C (nighttime)
e. Weather:
· Jakarta: sunny at daytime, cloudy at nightime 
· Tarakan: cloudy and small showers at daytime, cloudy and rainy at nightime
· Tegal: sunny at daytime, clear at nighttime
f. Dress code panitia workshop: Batik
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Appendix
Procedure of pollution potential area establishment and origin evaluation of groundwater arsenic

1. Establishment of potential areas for groundwater arsenic (As) pollution
1.1	According to the results of worldwide previous investigations on As-polluted groundwater, the geochemical characteristics of As-polluted groundwater and sedimentary can be summarized as follow:
1.1.1	Most of Long-term groundwater As concentrations exceeds Groundwater Pollution Monitoring Standards: Due to the slow velocity of groundwater flow, the variation of groundwater As concentration is slight within the undisturbed groundwater As potential area. Groundwater As concentrations over the years mostly exceeded Groundwater Pollution Monitoring Standards.
1.1.2	Relatively higher As contents are found in geological sediments: due to great As contents deposited in geological sediments, and is the main source of As-polluted groundwater, thus the monitoring wells with higher As concentration groundwater, their screens’ interval sediments also have higher As concentration. Generally, background As concentrations of non-polluted sediments are mostly lower than 20 mg/L.
1.1.3	Geological sediment is mostly composed of silty clay with fine-sand: The fine sediment with silty clay facilitates for reduction reaction and As enrichment in subsurface environment. The sediment profile of geological drilling by setting the monitoring wells can be adopted for evaluating the potential of groundwater As pollution.
1.2	According to the results of periodical groundwater quality monitoring, the catchments with aforementioned hydrogeological characteristics in Taiwan are Choushui river alluvial fan, Chianan plain, Pingtung Plain, Lanyang Plain. The groundwater As pollution potential areas of these 4 catchments are shown in Appendix Table 1.
1.3	If the groundwater As concentration is detected and exceeds the Groundwater Pollution Monitoring Standards in aforesaid potential areas, the emergency measure is not necessary. The origin of groundwater As then can be referred to hydrogeological conditions and environmental background.
1.4	The aforesaid groundwater As pollution potential areas should be adjusted based on the results of periodical groundwater quality monitoring.
1. Evaluating the origin of groundwater As
2.1	Origin of groundwater As should be investigated under the following situations (Appendix Figure 1):
2.1.1	Groundwater As contaminated sites are not located in aforesaid potential areas.
2.1.2	Groundwater As contaminated sites are located in aforesaid potential areas and maybe affected by external As pollution.
2.2	Under the aforementioned situations, the procedure of evaluating the origin of groundwater As should be considered (Appendix Figure 2) to discriminate the causes of forming groundwater As. The procedure includes at least following steps:
2.2.1	The hydrogeological characteristics and human activities of the contaminated site should be collected. The investigation coverage of groundwater As pollution should be established.
2.2.2	The groundwater levels variation, groundwater quality data, geological characteristics of the existed wells around the contaminated site should be collected to preliminary evaluate the possibility of reaching for reasons not attributable to external pollution.
2.2.3	The field investigation and residents interview should be conducted to evaluate the possibility of the source of surrounding anthropogenic pollution.
2.2.4	According to the aforementioned groundwater As pollution potential areas, if the contaminated site is located in potential areas and is reached for reasons not attributable to external pollution, then the follow-up emergency investigations and verifications are not necessary.
2.2.5	If the contaminated site is not located in potential areas, it needs to collect the groundwater and sediment samples from the screens of monitoring wells to conduct the analysis of total As-content; in addition, if the depth of As concentration peak of groundwater is consistent with that of sediment, and is reached for reasons not attributable to external pollution, then the follow-up emergency investigations and verifications are not necessary.
2.2.6	If the depth of As concentration peak of groundwater is not consistent with that of sediment, the segmental sequential extraction and X-ray diffraction analysis are necessary to confirm the As-contained mineral phases, and Fe/Mn minerals; in addition, if it relates to crystalline Fe/Mn oxihydroxides, and are reached for reasons not attributable to external pollution, then the follow-up emergency investigations and verifications are not necessary.
2.2.7	Emergency investigations and verifications of soil and groundwater are necessary if the As-contained mineral phases of sediment are not related to crystalline Fe/Mn oxihydroxides to verify the source of groundwater As contamination.
2.3	According to 1.4, 2.2.5~7 in this appendix, the groundwater As pollution potential areas should be revised based on the results of periodical groundwater quality monitoring or investigations of groundwater As sources.
1. Management and utilization of As-contained groundwater
The utilization of As-contained groundwater in the groundwater As pollution potential areas (Appendix Table 1) should be conformed with different purposes. The appropriate treatment of water quality purification and depths and amounts of groundwater pumping should be proposed by competent authorities at all levels according to related water quality standards and groundwater demands.
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Appendix Figure 1 Procedure of pollution potential area establishment and origin evaluation of groundwater arsenic
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Appendix Figure 2 Procedure of evaluating the origin of groundwater As

Appendix Table 1 Groundwater As pollution potential areas of Taiwan
	Catchment
	County/City
	Township/ District
	Village

	Choushui river alluvial fan
	Changhua County
	Dacun 
	Dacun, Daqiao, Jiaxi, Pinghe, Tianyang, Cunshang, Nanshi, Meigang, Jiadong, Gongqi, Huangcuo, Xinxing, Guogou, Fuxing, Baitang

	
	Changhua County
	Yongjing 
	Wubian, Yongxing, Dongning, Lunzi

	
	Changhua County
	Xiushui 
	Andong, Anxi, Xiushui, Jinxing, Xiaxi, Maxing, Zhuangya, Zengcuo, Yixing, Fu'an, Heming

	
	Changhua County
	Shetou 
	Xiehe, Nandi, Nanya, Xincuo, Qiaotou

	
	Changhua County
	Fenyuan 
	Dapu, Zhulin, hekou, Fenyuan, Jinfen, Fengkeng, Jiushe

	
	Changhua County
	Huatan 
	Sanchun, Zhongkou, Zhongzhuang, Wende, Beikou, Yongchun, Baisha, Yanzhu, Huatan, Jindun, Changsha, Changchun, Nankou, Lunya, Liucuo, Qiaotou, Wandong, Wanya

	
	Changhua County
	Yuanlin 
	Sanduo, Sanhe, Sanxin, Santiau, San'ai, Sanyi, Sanqiao, Daming, Dapu, Darau, Zhongshan, Zhongyang, Zhongzheng, Renmei, Chushui, Minsheng, Guangming, Xidong, Heping, Dongbei, Donghe, Lincuo, Nanping, Nanxing, Lunya, Huilai, Xinsheng, Xinxing, Yuantan, Gouzao, Wannian, Liming

	
	Changhua County
	Puxin 
	Taiping, Wazhong, Wabei, Wanan, Dongmen, Youche, Jingkou, Yimin

	
	Changhua County
	Lukang 
	Dongqi, Yangcuo, Pulun, Haipu, Caozhong, Dingcuo, Zhao'an, Liaucuo

	
	Changhua County
	Changhua City
	Pinghe, Yanhe, Dongfang, Nan'an, Nanmei, Nanxing, Citong

	
	Changhua County
	Fuxing 
	Dalun, Fanpo

	
	Choushui river alluvial fan 
Yunlin County
	Kouhu 
	Xialun, Shuijing, Chenglong, Houcuo, Pubei, Lunzhong, Lundong, Wubei, Wunan, Keliau, Gangxi, Gangdong, Hukou, Hudong, Guogang, Taizi, Xiecuo

	
	Yunlin County
	Dapi 
	Dade, Beizhen, Xizhen, Yiran, Xing'an

	
	Yunlin County
	Yuanchang 
	Lunan, Xinji

	
	Yunlin County
	Shuilin 
	Tucuo, Dashan, Dagou, Shanjiau, Shuibei, Shuinan, Jianshan, Xijing, Chegang, Songzhong, Songbei, Songxi, Houliau, Chunpu, Haipu, Shunxing, Wendi, Xiqian, Wanxing, Fanshu, Qiongpu, Suqin, Wanxi, Wandong

	
	Yunlin County
	Beigang 
	Shuipu, Haushou, Fuchau, Shujiau

	
	Yunlin County
	Sihu 
	Sanxing, Neihu, Sihu, Yangdiau, Lindong, Lincuo, Shihu, Feisha, Feidong, Lunbei, Lunnan, Luchang, Huxi, Huliau, Xinzhuang, Xiwei, Xidi, Guanggou, Caicuo

	
	Yunlin County
	Dongshi 
	Simei, Annan, Changnan, Dongbei, Dongnan, Fuxing, Chenghai, Jialong, Longtan

	
	Yunlin County
	Mailiao 
	Haifeng

	
	Yunlin County
	Taixi 
	Shanliau, Wugang, Wulang, Niucuo, Yongfeng, Guanghua, Hefeng, Quanzhou, Haikou, Haibei, Hainan, Wengang, Fuqi, Xiding, Taixi

	
	Chiayi County
	Dongshi 
	Xiayi, Haipu Vil, Fulai, Dingyi, Weitan, Gangkou, Xixia, Niausong, Longgang, Aogu

	
	Chiayi County
	Liujiao 
	Gongchang, Gulin, Yongxian, Zhuben, Bengshan, Yuliau, Suandong, Suantou, Wanbei, Wannan

	
	Choushui river alluvial fan 
Chiayi County
	Dalin 
	Sancun, Sanhe, Shanglin, Zhonglin, Neilin, Pinglin, Jilin, Xilin, Xijie, Minghe, Minghua, Donglin, Pailu, Yihe

	
	Chiayi County
	Xikou 
	Bencuo, Miaulun, Pingding, Linjiau, Liugou, Meibei, Meinan, Chailin, Youxi, Youdong ,Xibei, Xixi, Xidong, Diexi

	
	Chianan Plain 
Tainan City
	Central 
	All

	
	Tainan City
	North 
	All

	
	Tainan City
	West 
	All

	
	Tainan City
	North 
	All

	
	Tainan City
	South 
	All

	
	Tainan City
	Anping 
	Wenzhu, Shimen, Anzhong Vi Ximen, Miaushou, Jincheng, Xiaoqian, Haixing, Pusa

	
	Tainan City
	Annan 
	Sicao, Anxi, Xingfu, Qingcao, Chengxi, Chengnan, Haixi, Haidian, Hainan, Yuanzhong, Lixiang, Lu'er, Xidong, Xiqian, Xiangong, Yantian

	
	Tainan City
	Qigu 
	Qigu, Shifen, Sangu, Datan, Zhongliau, Yucheng, Xiliau, Chengnei, Hougang, Dingshan, Xinan, Dujia, Longshan, Yancheng

	
	Tainan City
	Xiaying 
	Dapi, Renli, Hejian

	
	Tainan City
	Rende 
	Taizi

	
	Tainan City
	Beimen 
	Jinhu、Shuangchun

	
	Tainan City
	Yongkang 
	Dawan, Wangxing, Beiwan, Yongkang, Xishi, Xiwan, Dongwan, Nanwan, Puyuan, Wuzhu, Kunshan, Xinshu, Niausong, Longtan

	
	Chianan Plain 
Tainan City
	Xigang 
	Xigang, Gangdong

	
	Tainan City
	Jiali 
	Sanxie, Zilong, Anxi, Jiahua, Haicheng, Dingkuo, Xizhou, Jiafu, Zhangzhou, Xinghua, Yingding, Lihua

	
	Tainan City
	Guantian 
	Balin, Dongzhuang, Dutou

	
	Tainan City
	Houbi 
	Shi'an, Zhuxin, Houkuo, Dingchang, Jingliau, Xinjia

	
	Tainan City
	Liuying 
	Danong、Guoyi

	
	Tainan City
	Jiangjun 
	Sanji, Renhe, Beipu, Yushan, Xihe, Xihua, Zhongxing, Changrong, Bauyuan, Jiangfu, Jianggui, Jiachang, Kunming, Kunshen

	
	Tainan City
	Madou 
	Xiaopi, Beishi, Youche, Pitou Zhuangli, Xinjian, Zhuanjing, Xingnong, Longquan

	
	Tainan City
	Shanhua 
	Xiaoxin, Liufen, Liude, Wenchang, Niuzhuang, Guangwen, Xiguan, Zuojia, Dongchang, Donglong, Nanguan, Hujia, Ximei, Jiabei

	
	Tainan City
	Xinhua 
	Shanjiau, Taiping, Beishi, Quanxing, Xiexing, Fengkou, Lunding, Fengrong

	
	Tainan City
	Xinshi
	Sanshe, Dazhou, Daying, Yongjiu, Shenei, Gangqian, Xinshi, Xinhe, Fenghua

	
	Tainan City
	Xuejia
	Hongjia, Dingzhou

	
	Tainan City
	Guiren
	Damiau, Xipu, Mamiau

	
	Tainan City
	Guanmiao
	Pitou

	
	Tainan City
	Yanshui
	Xiazhong, Dazhuang, Jingshui, Houzhai, Suncuo, Tongliau, Jiuying, Huanya

	
	Chiayi City
	West
	All Dist.

	
	Chiayi City
	East
	All Dist.

	
	Chianan Plain 
Chiayi County
	Taibao
	Taibau, Tianwei, Anren, Dongshi, Qiantan, Houzhuang, Houtan, Chunzhu, Pixiang, Lunding, Meipu, Maliau, Gangwei, Xinpi, Guogou, Jiupi

	
	Chiayi County
	Shuishang 
	Dalun, Zhonghe, Guoxing, Cuxi, Tugou

	
	Chiayi County
	Budai 
	Yong'an, Guangfu, Haumei, Jiangshan, Kaushi, Daijiang, Fuxing, Caipu, Xinmin, Xincen

	
	Chiayi County
	Minxiong 
	Dinglun, Fuquan, Liauding, Fongshou, Zhenbei

	
	Chiayi County
	Zhongpu 
	Hemu, Hexing, Fushou

	
	Chiayi County
	Puzi
	Meihua, Xinzhuang, Dejia

	
	Chiayi County
	Lucao 
	Sanjiau, Xiama, Xiatan, Guangtan, Zhushan, Xijing, Songzhu, Houjue, Houliau, Shijia, Chongliau, Ludong, Lucao, Bitan, Fongchou

	
	Chiayi County
	Yizhu 
	Zhongping, Beihua, Pingxi, Xiguo, Guanhe、Guanshun, Dongguo, Dongrong, Houzhen, Piqian, Xindian, Xinfu, Xizhou, Touzhu, Longjiau

	
	Kaohsiung City
	Yong’an
	Yong'an, Bauning, Xingang, Yantian

	
	Kaohsiung City
	Gangshan
	Dazhuang, Daliau, Ren'ai, Baimi, Shitan, Zhuwei, Xierong, Gangshan, Houxie, Weisui, Huagang, Jiafeng, Jiaxing, Shoutian, Fuxing, Taishang, Liucuo, Tandi

	
	Kaohsiung City
	Alian
	Yuku, Gangshan, Fu'an, Ganghou

	
	Kaohsiung City
	Qieding
	Dading, Baiyun, Guangding, Jiding, Hexie, Bauding, Qilou, Jia'an, Jiading, Jiatai, Jiafu, Jiale, Jiasi

	
	Kaohsiung City
	Ziguan
	Zhonglun, Zixin

	
	Chianan Plain 
Kaohsiung City
	Hunei
	Zhongxian, Zhongxing, Haishan, Yixian, Yecuo, Liujia

	
	Kaohsiung City
	Luzhu
	Sanye, Xiakeng, Zhuyuan, Shedong, Dingliau, Xinda, Yaliau

	
	Kaohsiung City
	Qiaotou
	Zhongqi, Shihe, Shilong, Shifeng, Jiabei, Jianan, Baishu, Xilin, Yuliau, Donglin, Dingyan, Bixiu, Xinzhuang, Desong, Qiaotou

	
	Kaohsiung City
	Yanchao
	Jiausu

	
	Pingtung Plain 
Pingtung County
	Jiadong 
	Liugen, Jiadong, Wenfeng, Yanwen, Laijia

	
	Pingtung County
	Donggang 
	Datan

	
	Pingtung County
	Fangliao 
	Dazhuang, Dili, Donghai, Xinlong

	
	Pingtung County
	Linbian 
	Renhe, Shuili, Yongle, Tiancuo, Guanglin, Chifen, Zhen'an

	
	Lanyang Plain 
Yilan County
	Wujie 
	Erjie, Sanxing, Shangsi, Daji, Zhongxing, Wujie, Sijie, Chengxing, Lize, Xiehe, Jixin, Fuxing

	
	Yilan County
	Dongshan 
	Sanqi, Daxing, Taihe, Dongshan, Anping, Dongcheng, Wuyuan, Nanxing, Zhenzhu, Xianghe, Bucheng

	
	Yilan County
	Zhuangwei 
	Meifu, Xinnan

	
	Yilan County
	Yilan City
	Dadau、Zhongshan、Zhongzheng、Wenhua、Beimen、Beijin、Minsheng、Minzu、Minquan、Ximen、Xiaolian、Hemu、Shengping、Dongmen、Nanmen、Jianjun、Siyuan、Fuguo、Shennong、Jiaubai、Meizhou、Fuxing、Jinshi、Ewang、Xinmin、Xinsheng、Qinghe

	
	Yilan County
	Yuanshan 
	Yonghe、Tongle、Shangde、Zhenshan、Yuanshan、Huihau、Toufen

	
	Lanyang Plain 
Yilan County
	Jiaoxi 
	Erjie, Yutian, Yuguang

	
	Yilan County
	Luodong 
	Daxin, Zhulin, Dong'an, Xinyi, Xinqun

	
	Yilan County
	Su’ao 
	Yongguang, Yongchun, Yongle, Cunren, Yueming, Chang'an, Gangbian, Xincheng, Shenghu, Aiding, Longde Vil, Subei, Suxi, Sudong, Sunan


The groundwater As pollution potential areas are evaluated by geostatistics method. The average groundwater As concentrations investigated by Water Resource Agency (2001-2011) and Environmental Protection Administration (2001-2011) are adopted for estimating the distribution of contaminated probability >75%, which the concentrations exceed the Groundwater Pollution Monitoring Standards Category 1 (0.025 mg/L).
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