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Environmental Toxins and 
Health in Taiwan  

ÄArsenic  

Â Black -Foot Disease (BFD)  

ÄRadiation  

Â Radiation -Contaminated Buildings 
(RCB)  

ÄOrganic Solvents  
Â Radio Corporation of American (RCA)  
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Black -Foot Disease (BFD)  

Arsenic  
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Black -Foot Disease (BFD )  

Ä An endemic peripheral 
vascular disease, first 
reported in 1920   

Ä Reported as 
ñspontaneous gangreneò 
in J Formosan Med in 
1954  
Â Ὑȳ ϱ ɢᴕ
ἤ ᾼ ֪ɣ,ɞ

ɟ, 53 : 2 ( үҖ, 
1954 ) ,  272 ȴ  



Epidemiological Investigation 
(1962 )  



Early BFD Studies  

Ä 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 . 

Ä 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.  

Ä 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 ï2):115 ï129.  

Ä 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 ï618 .  
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Shallow Well or Deep Well?  

⁮ᾘ Ϛ ỰӖ ӣᾼ ѬУ(֮ᾈУ)  
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Source of Drinking Water and 
BFD Prevalence  

ẃ ȸ ∂Чȸ ȴ М Ṏ ҵ ᾬ 11 ȴ Ṏ ’
Њ Ȳ1992ȴ 



Improved Drinking Water  

Ä In 1964 , Funded by 
the Joint Commission 
on Rural 
Reconstruction ( JCRR) 
and United Nations 
International 
Childrenós Emergency 
Fund  (UNICEF)  

Ä In 1974, Taiwanese 
government fund  

Џ ẙ ᵦṸ Ṇ ḑ ᶢ Аϣ Ṇ 1995 ẹ᷀  



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

 

10  Chôi IC, Blackwell RQ. A controlled retrospective study of blackfoot  disease, an endemic 
peripheral gangrene disease in Taiwan.  Am J Epidemiol . 1968;88(1):7 ï24.  



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 ï462 . 

ѱ ẃ ȸ ∂Чȸ ȴ М Ṏ ҵ ᾬ 11 ȴ Ṏ ’ Њ Ȳ1992 ȴ 



Chen, CJ Ɏ ∂Чɏ 

Ä Arsenic and Cancer Epidemoiology  



SMRs of Internal Cancers in 
BFD Endemic Area  

ẃ ȸ ∂Чȸ ȴ М Ṏ ҵ ᾬ 11 ȴ Ṏ ’
Њ Ȳ1992 ȴ 



Dose Response:  
Drinking Water and Cancers  

ẃ ȸ ∂Чȸ ȴ М Ṏ ҵ ᾬ 11 ȴ Ṏ ’
Њ Ȳ1992 ȴ 



ARSENIC AND ARSENIC 
COMPOUNDS 

IARC (1987),  

Group 1 Carcinogen  



Regulate Arsenic in Drinking 
Water  

ÄWHO & 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/


Ä 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  

21  

Chang WPϿ + Ѐ 



Chronic Low -dose Radiation 
Exposure  

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

Ä 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  

Ä Background radioactivity: 0.5 -132mSV  

Ä Subject  

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

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

Â Control group (n=77)  
Ä Close relatives (39)  

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

Ä Cumulative dose  

Â Dose reconstruction program  

Ä Micronucleus assay  
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RCB National Compensation  

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

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

Äꜟ ֪Ὠ …  

üMinamata  Disease Lawsuit in Japan  
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When Radiation Isnôt 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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ñNew Approach Needed in 
Radiation Protectionò 

 

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
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Radio Corporation of 
American (RCA )  

Organic Solvents  
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We Won! Ɏ2015/4/17 ɏ 
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2010  

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

30  

1967 -86  

1986 -88  

1988 -92  

RCAT (Taiwan), 1967 -92  



GE/Thomson (1989 -90)  

Ä Dames & Moore (D&M)  

Â General Electric Company  

Ä Arthur D Little (ADL)  

Â Thomson, SA  

Ä Bechtel  

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

Ä Hidden from the Workers  

Â Rediscovered in the 
Taiwan EPA Storage Room 
in 2013  
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TCE 
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PCE 
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Hidden Evidence  (Taiwan EPA, 1996)  

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

Ä 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  

ÄOtto Wong, 1995  

Â ñThe health effects 
of TCE and PCE 
contaminated 
ground water to the 
local residents and 
former workers were 
neglectible ò 
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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 Employeesô Mutual 
Aid Association (MAA)  

Ä Taiwan Association of Victims of 
Occupational Injuries (TAVOI)  
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Deserted RCA Site (1998)  
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http://www.wretch.cc/album/show.php?i=fightrca&b=1&f=1114459930&p=12


RCA Environmental  Health Studies  

Ä 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.  

Ä 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.  

Ä 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  

Ä 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.  

Ä 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.  

Ä 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  

Ä 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.  

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

Ä 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 - )  

ü Compensation for Mental Distress  
Ä Former RCA Employeesô Mutual Aid Association  
Â 529  members  
Ä Group A: Family member of the death (47)   
Ä Group B: Cancers and other disease (249)  
Ä Group C: Currently healthy (141)   

Ä 8 Witness and 6 Experts appeared at court  
Â Environmental engineers, epidemiologists, 

toxicologist, industrial hygienists, occupational 
physicians  

Ä 4 Groups of Judges  
Â 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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