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Environmental Toxins and 
Health in Taiwan 

 Arsenic 

 Black-Foot Disease (BFD) 

 Radiation 

 Radiation-Contaminated Buildings 
(RCB) 

 Organic Solvents 
 Radio Corporation of American (RCA) 
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Black-Foot Disease (BFD) 

Arsenic 
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Black-Foot Disease (BFD) 

 An endemic peripheral 
vascular disease, first 
reported in 1920  

 Reported as 
“spontaneous gangrene” 
in J Formosan Med in 
1954 
 高聰明、高上榮〈考察特發
性脫症的原因〉,《臺灣醫學
會雜誌》, 53 : 2 (台北, 
1954 ) ,頁 272 。  



Epidemiological Investigation 
(1962) 



Early BFD Studies 

 Tseng, W.P., Chen, W.Y., Sung, J.L., Chen, J.S. A clinical 
study of blackfoot disease in Taiwan, an endemic peripheral 
vascular disease. Mem. College Med. Natl. Taiwan Univ., 
1961;7:1-18. 

 Wu HY, Chen KP, Tseng WP, Hsu CL. Epidemiologic studies 
on blackfoot disease: I. Prevalence and incidence of the 
disease by age, sex, year, occupation and geographical 
distribution. Mem College Med. Natl. Taiwan Univ., 
1961:7,:33-50. 

 Chen KP, Wu HY, Wu TC. Epidemiologic studies on black-
foot disease in Taiwan. 3. Physicochemical characteristics of 
drinking water in endemic blackfoot disease areas. Mem 
Coll Med Nat Taiwan Univ.1962;8(1–2):115–129. 

 Chen KP, Wu HY. Epidemiologic studies on blackfoot disease: 
2. A study of source of drinking water in relation to the 
disease. J Formosan Med Assoc. 1962;61(7):611–618.  
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Shallow Well or Deep Well? 

嘉南沿海一帶居民飲用的深水井(地河井) 

淺井水(鼓井) 

深水井(地河井)
的斷面圖 



Source of Drinking Water and 
BFD Prevalence 

資料來源：陳建仁：環境與健康。高中高職環境教育課外讀物叢書11 。教育部環境保
護小組編纂，1992。 



Improved Drinking Water 

 In 1964, Funded by 
the Joint Commission 
on Rural 
Reconstruction (JCRR) 
and United Nations 
International 
Children‘s Emergency 
Fund (UNICEF) 

 In 1974, Taiwanese 
government fund 

《臺灣地區公共衛生發展史照片選集》，衛生署1995年出版 



Distribution of BFD Cases in the 
1960s by Township (Ch’i and Blackwell, 1968) 

 

10 Ch’i IC, Blackwell RQ. A controlled retrospective study of blackfoot disease, an endemic 
peripheral gangrene disease in Taiwan. Am J Epidemiol. 1968;88(1):7–24. 



BFD & Skin Cancer 

Tseng WP, Chu HM, How SW, Fong JM, Lin CS, Yeh S. Prevalence of skin cancer in an endemic area of chronic arsenicism in Taiwan. J 
Natl Cancer Inst. 1968;40(3):453–462. 

圖片資料來源：陳建仁：環境與健康。高中高職環境教育課外讀物叢書11 。教育部環境保護小組編纂，1992 。 



Chen, CJ （陳建仁） 

 Arsenic and Cancer Epidemoiology 



SMRs of Internal Cancers in 
BFD Endemic Area 

資料來源：陳建仁：環境與健康。高中高職環境教育課外讀物叢書11 。教育部環境保
護小組編纂，1992 。 



Dose Response:  
Drinking Water and Cancers 

資料來源：陳建仁：環境與健康。高中高職環境教育課外讀物叢書11 。教育部環境保護
小組編纂，1992 。 



ARSENIC AND ARSENIC 
COMPOUNDS 

IARC (1987),  

Group 1 Carcinogen 



Regulate Arsenic in Drinking 
Water 

 WHO & USEPA 
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Radiation-Contaminated 
Buildings (RCB) 

Radiation 
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New X-Ray Machine in a Dental Clinic 
in Taipei (1985) 
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http://www.aec.gov.tw/www/


 Reported in 1992 

 

Radiation-Contaminated Buildings 
(RCB) 
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RCB Environmental Movement (1992) 
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RCB Exposure Assessment 
and Epidemiological Study 

Granted by DOH in 1993 
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Chang WP（張武修） 



Chronic Low-dose Radiation 
Exposure 

 Chang WP, Kau J. Taiwan: exposure 
to high doses of radiation. Lancet. 
1993;341: 750. 

 Chang WP, Hwang BF, Wang D, Wang 
JD. Cytogenetic effect of chronic low-
dose, low-dose-rate gamma-radiation 
in residents of irradiated buildings. 
Lancet. 1997;350(9074):330-3.  
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http://www.ncbi.nlm.nih.gov/entrez/utils/fref.fcgi?PrId=3048&itool=AbstractPlus-def&uid=9251638&db=pubmed&url=http://linkinghub.elsevier.com/retrieve/pii/S0140-6736(97)11056-X


Cytogenetic effect  

 Background radioactivity: 0.5-132mSV  

 Subject 

 Exposed group (n=73) 
 Lived in MSV at least 1 year before study 

 Aged 2-46 years; had lived in building for 13-122 
months 

 Control group (n=77) 
 Close relatives (39) 

 Residents from a non-contaminated building next door 
(38) 

 Cumulative dose 

 Dose reconstruction program 

 Micronucleus assay 
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RCB National Compensation 

 RCB residents won the first trial in 
1997, and the second trial in 2002 

 AEC apologized and paid for the 
compensation in 2002 
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Epidemiologic Causation Theory 

 疫學因果關係理論 

 Minamata Disease Lawsuit in Japan 
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When Radiation Isn’t the Real 
Risk? 

 

26 http://www.nytimes.com/2015/09/22/science/when-radiation-isnt-the-real-risk.html?_r=1 
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“New Approach Needed in 
Radiation Protection” 

 

27 http://dos.sagepub.com/content/5/1/dose-response.06-105.Chen.short 
 

The medical evidence from this exposure clearly 
suggests that current radiation protection policies 
and standards are inappropriate. We therefore 
recommend that the radiation protection authorities 
change them to accurately reflect the actual 
benefits and hazards of exposures to radiation.  

http://dos.sagepub.com/content/5/1/dose-response.06-105.Chen.short
http://dos.sagepub.com/content/5/1/dose-response.06-105.Chen.short
http://dos.sagepub.com/content/5/1/dose-response.06-105.Chen.short
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Radio Corporation of 
American (RCA) 

Organic Solvents 
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We Won!（2015/4/17） 
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2010 

Former Workers vs. RCA, GE & 
Technicolor (Thomson) 
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1967-86 

1986-88 

1988-92 

RCAT (Taiwan), 1967-92 



GE/Thomson (1989-90) 

 Dames & Moore (D&M) 

 General Electric Company 

 Arthur D Little (ADL) 

 Thomson, SA 

 Bechtel 

 Arthur D Little 
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GE & Thomson Consensus 
Report (1989/2) 

 Hidden from the Workers 

 Rediscovered in the 
Taiwan EPA Storage Room 
in 2013 
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TCE 
TCA 
PCE 
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RCAT Production Wells (Bechtel, 1990. unit: ppb)     

Taiwan EPA Standards 

TCE-5  

TCA-200  

PCE-40  
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RCAT Monitoring Wells (Bechtel, 1990. unit: ppb)  

Taiwan EPA Standards 
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PCE-40  
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Hidden Evidence (Taiwan EPA, 1996) 

 Deserted Well #1, Cement-Filled Well #3, and Missing 
Well #5 

 Asphalt-covered Monitoring Wells 

Asphalt-covered Monitoring Wells 
TM-101 & TM-201 

Cement-Filled Well #3 35 



Toxic Water Pollution (1994-06-03) 
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Environmental Clean-up of 
Trichloroethylene and Tetrachloroethylene 

Paid by GE & 
Thomson 
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Health Risk Assessment 

 Otto Wong, 1995 

 “The health effects 
of TCE and PCE 
contaminated 
ground water to the 
local residents and 
former workers were 
neglectible” 
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1998-02-24 

Clean-up FAILED 

39 



1998-07-06 

Cancer cases reported 
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http://library.taiwanschoolnet.org/cyberfair2002/C0227330054/images/news07_jpg.jpg


Former RCA Employees’ Mutual 
Aid Association (MAA) 

 Taiwan Association of Victims of 
Occupational Injuries (TAVOI) 
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Deserted RCA Site (1998) 

 

42 

http://www.wretch.cc/album/show.php?i=fightrca&b=1&f=1114459930&p=12


RCA Environmental Health Studies 

 Wang FI, Kuo ML, Shun CT, et al. Chronic toxicity of a 
mixture of chlorinated alkanes and alkenes in ICR 
mice. J Toxicol Environ Health A 2002;65:279-91.  

 Lee LJ, Chan CC, Chung CW, et al. Health risk 
assessment on residents exposed to chlorinated 
hydrocarbons contaminated in groundwater of a 
hazardous waste site. J Toxicol Environ Health A 
2002;65:219-35.  

 Lee LJ, Chung CW, Ma YC, et al. Increased mortality 
odds ratio of male liver cancer in a community 
contaminated by chlorinated hydrocarbons in 
groundwater. Occup Environ Med 2003;60:364-9.  
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RCA Occupational Health Studies 

 Chang YM, Tai CF, Lin RS, et al. A proportionate 
cancer morbidity ratio study of workers exposed to 
chlorinated organic solvents in Taiwan. Ind Health 
2003;41:77-87.  

 Chang YM, Tai CF, Yang SC, et al. A cohort mortality 
study of workers exposed to chlorinated organic 
solvents in Taiwan. Ann Epidemiol 2003;13:652-60. 

 Chang YM, Tai CF, Yang SC, et al. Cancer incidence 
among workers potentially exposed to chlorinated 
solvents in an electronics factory. 
J Occup Health. 2005;47:171-80. 
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Further Occupational 
Epidemiological Studies 

 Sung TI, Chen PC, Lee LJH, Lin YP, Hsieh GY, 
Wang JD. Increased standardized incidence ratio of 
breast cancer in female electronics workers. BMC 
Public Health 2007;7:102. 

 Sung TI, Wang JD, Chen PC. Increased risk of 
cancer in the offspring of female electronics 
workers. Reprod Toxicol 2008;25(1):115-9. 

 Sung TI, Wang JD, Chen PC. Increased risks of 
infant mortality and of deaths due to congenital 
malformation in the offspring of male electronics 
workers. Birth Defects Res A Clin Mol Teratol 
2008.  



RCA Class Action Lawsuit (2004-) 

 Compensation for Mental Distress 
 Former RCA Employees’ Mutual Aid Association 

 529 members 
 Group A: Family member of the death (47)  
 Group B: Cancers and other disease (249) 
 Group C: Currently healthy (141)  

 8 Witness and 6 Experts appeared at court 
 Environmental engineers, epidemiologists, 

toxicologist, industrial hygienists, occupational 
physicians 

 4 Groups of Judges 
 58 court hearings 
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First Witness at Court (2009/11/11) 
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RCA Consultants 

Plaintiff, Activists, Lawyers, Scholars 
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RCA Student Volunteers 
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Burnt RCA Company Files 
(1970-92) 
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Flooded Government Files 
(-1985) 

 Labor Insurance, Mortality, Morbidity 
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Well Water or Tap Water? 

52 



RCA Water Bills（1986/2-1990/10） 
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RCA Water Bills (1986-90) 
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Records of Ventilation 
Violations at RCAT (1970-92) 
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Environmental Monitoring at RCA 
(Geng-Hui Chang, 1988)   

 Master’s Thesis at NTU 
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“Recirculation” 

High concentration of organic solvents 
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Expert Witness for the Plaintiff 

 Environmental Engineering 
 Chang GH（張艮輝） 

 Epidemiology 
 Chen PC（陳保中） 

 Toxicology 
 Ueng TH（翁祖輝） 

 Environmental Engineering 
 Ding LL（丁力行） 

 Industrial Hygiene 
 Chen CC（陳志傑） 

 Occupational Medicine 
 Wang JD（王榮德） 
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Expert Witness for the Defendant 

 Radiation Oncology 
 Lee S（李百勛） 

 Former RCA Manager 
 Hu（胡忠仁） 

 Occupational Medicine/Epidemiology 
 Tao X（陶旭光） 

 Risk Assessment 
 Liu （劉碧芳） 

 Geology 
 Zeng CM（鄭春苗） 

 Epidemiology 
 Wong O（黃遠邦） 

 Industrial Hygiene 
 Frank Rover 
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Xuguang (Grant) Tao, MD 
Associate Professor and Research 
Director, Division of Occupational and 
Environmental Medicine, JHSOM 

Steve Lee M.D. 
UCLA radiation oncology 



Toxicological Review of TCE & 
PCE (USEPA, 2011/2012) 
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TCE: Carcinogenic to humans 
(Group 1) (IARC, 2012) 

 Target Organ: Kidney 
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Semper Fi: Always Faithful 

 Camp Lejeune, NC 

http://semperfialwaysfaithful.com/ 
62 

http://vimeo.com/32943583


TCE, PCE, Benzene, VC 

 

http://www.atsdr.cdc.gov/sites/lejeune/tce_pce.html 
63 



Janey Ensminger Act (2012/8/6) 

 

Filmmakers Tony Hardmon & Rachel Libert 
look on with Jerry Ensminger as President 
Obama signs The Janey Ensminger Act. 
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Health Effects? 

Cocktail of 31 organic 
solvents 
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TCE: IARC, USEPA, CDC & RCA (Cancer) 
名稱 IARC US EPA Camp Lejeune RCA 

三氯乙烯 

分類： 
•確定人類致癌物
(Group 1) 
(Monographs 106) 
•很可能人類致癌物
(Group 2A)—
(Monographs 63) 
人類致癌性： 
證據有限 
•肝癌 
•膽道癌 
•非何杰金氏淋巴癌 
證據不充足 
•子宮頸癌 
•膀胱癌 
動物致癌性： 
•肝癌、腎細胞瘤 、
間質細胞睪丸瘤(大
鼠) 
•淋巴瘤、肝癌、肺
癌(小鼠) 

分類： 
•人類致癌物 
相關癌症： 
•腎細胞癌(有信服力) 
•非何杰金氏淋巴癌
(強力但較少信服力) 
•肝癌(有限) 
•膀胱癌、前列腺癌、
食道癌、子宮頸癌、
乳腺癌與兒童白血病
(支持性) 

分類： 
•美國衛生和人類服務部(The 

U.S. Department of 
Health and Human 
Services, DHHS )目前正在
審查三氯乙烯的分類 

 
•美國NIEHS主導的國家毒物
計畫(National Toxicology 
Program, NTP) 已建議將其
列為合理預期的人類致癌物 

 
•國際癌症研究機構確定為很
可能人類致癌物質(2A) 

PCMR (-6%) 
女性癌症(vs電子廠對照
組) 未去除 
•胃癌 1.64 (1.04-2.44) 
•肝癌 1.74 (1.04-2.84) 
•肺癌 1.64 (1.04-2.44) 
•子宮癌 4.34 (2.74-
6.54)             
去除就業≤3個月 
•乳癌 2.24 (1.74-2.74) 
•結腸癌2.74(1.64-4.34) 
•消化器官 2.24 (1.24-
3.84) 
去除就業≤3個月及潛伏期
≤5年 
乳癌 1.84 (1.44-2.34) 
結腸癌 2.14 (1.24-3.44) 
消化器官 1.84 (1.04-
3.14) 
女性癌症(vs紡織廠對照
組)未去除 
•子宮癌 3.14 (1.94-
4.74) 
去除就業≤3個月 
其他 1.74(1.24-2.34) 
去除就業≤3個月及潛伏期
≤5年 
乳癌 1.44 (1.14-1.84) 
其他 1.44 (1.04-1.94) 
去除就業≤3個月及潛伏期
≤10年 
乳癌 1.54 (1.14-1.94) 
其他 2.04 (1.44-2.84) 
肺癌 2.94 (1.64-4.94) 



 
To Be Continued… 

 RCA case moves on to the High Court 

67 


