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Occupational and Environmental Medicine

Maternal, Reproductive, and Child Health

Clinical Research



Epidemiology
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Epidemiology
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Sir Patrick Manson
(1844-1922)



Manson started a long career in tropical medicine at 
Takao, Formosa (Kaohsiung, Taiwan) in the mid-19th Century.

7Wikipedia; China Review 1873
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Silent Spring to Silent Sperm?

EDCs
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Endocrine Disrupting Chemicals

• Pesticides (insecticides such as o,p'-DDT, endosulfan, dieldrin, methoxychlor, 
kepone, dicofol, toxaphene, chlordane; herbicides such as alachlor, atrazine and 
nitrofen; fungicides such as benomyl, mancozeb and tributyl tin; nematocides
such as aldicarb and dibromochloropropane)

• Industrial chemicals (polychlorinated biphenyls (PCBs), dioxin and benzo(a)pyrene)

• Brominated flame retardants (polybrominated diphenyl ethers, PBDEs)

• Perfluoroalkyl substances (PFASs)

• Products associated with plastics (bisphenol A, phthalates)

• Ordinary household products (breakdowns products of detergents and associated 
surfactants, including nonylphenol and octylphenol); 

• Pharmaceuticals (drug estrogens - birth control pills, diethylstilbestrol (DES), 
cimetidine)

• Heavy metals (lead, mercury, arsenic, and cadmium)

EDCs
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Perfluoroalkyl
Substances:
What is the 
Evidence 
Telling Us?

Environ Health Perspect 2007

EDCs
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What are PFASs?

• Fully fluorinated hydrophobic 
linear carbon chain attacked to 
various hydrophilic heads

• Chemical and thermal stability, 
ideal  surfactants (water and oil 
resistant)

• Over 200 industrial and 
consumer applications since 
1950s
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Optoelectronics
plant

Semiconductor
fabrication plant

Chemosphere 2010; 80:1167-74
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Studies in Children’s Environmental 
Health

Birth Cohort

Prospective 
Pregnancy Cohort in 
Taipei (PPCT), 1984-
87

Birth Cohorts

Taiwan Birth Cohort 
Study (TBCS), 2005

Taiwan Birth Panel 
Study (TBPS1), 2004-
05

Taiwan Birth Panel 
Study (TBPS2), 2011-
12

Network Studies

Young Taiwanese 
Cardiovascular Cohort 
Study (YTCC), 2006-08

Genetic and 
Biomarkers Study for 
Childhood Asthma 
(GBCA), 2009-10

Birth Cohort 
Consortium of Asia 
(BiCCA), 2012-

General Population

Biomonitoring and 
Epidemiology 
Pilot Study in Taiwan, 
2019-20
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Taiwan Birth Panel Study

GENETICS

(predisposition/modification?)

CHILDREN’S HEALTH

Fetal and child growth

Neurobehavioral 
development

Language development

Allergic diseases

(initiation and/or 
progression?)

THE ENVIRONMENT

Heavy metals

Non-persistent pesticides

Perfluoroalkyl substances

Environmental tobacco 
smoke

Psychosocial stress

(low-level, prenatal 
and/or postnatal, multiple 

exposures?)
Ep

ige
n

etics

EDCs

15



Taiwan Birth Panel Study

• Study design
• 486 children born during 2004-2005

• Main questionnaire
• Mothers, infants, families, and 

environmental exposures
• Face-to-face interview

• Biological specimen
• Maternal blood and urine
• Umbilical cord blood and placenta

• Outcomes
• Birth outcomes from hospital medical 

records
• Growth and development, allergic 

diseases

EDCs
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Birth

Questionnaire,
Hospital medical 
record,
Neonatal 
neurobehavioral 
examination

1 years

Questionnaire,
Child growth & 
development,
Temperament

2 years

Questionnaire,
Child growth & 
development,
Temperament,
Child behavior 
checklist,
Allergic diseases,
Neurobehavioral 
development,
HOME learning 
environment,
Pediatric Daily 
Occupation 
Inventory,
International 
Classification of 
Functioning, 
Disability and 
Health,
Parenting stress 
index

9-10 years
Questionnaire,
Child growth & 
development,
Child behavior 
checklist,
Allergic diseases,
Neurobehavioral 
development,
Lung function,
Bone age,
Physical activity;
Dietary,
Disease history

7 years
Questionnaire,
Child behavior 
checklist,
Phthalates 
questionnaire,
SDQ,
SNAP-IV,
WISC-IV,
SPM+,
AGD 
Urine

5 years
Questionnaire,
Child growth & 
development,
Child behavior 
checklist,
Allergic diseases,
Electromagnetic 
wave 
questionnaire,
Motor 
development,
Attention deficit/ 
hyperactivity 
disorder,
Parenting stress 
index,
Child motivation;
SNAP-IV,
Movement ABC
Urine

3 years
Questionnaire,
Child growth & 
development,
Child behavior 
checklist,
Allergic diseases,
Parenting stress 
index

6 months
Questionnaire,
Fetal growth & 
development,
Allergic diseases,
Neurobehavioral 
development,
HOME learning 
environment

4 months
Questionnaire,
Fetal growth & 
development,
Temperament

Maternal blood & 
urine, cord blood 
& placenta

Blood, urine, saliva & hair

Blood &urine

Taiwan Birth Panel Study
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www.rhlab.org
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Serum Perfluoroalkyl Substances in 
Children
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Melamine and Nephrolithiasis in Children in 
Taiwan, 2009
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www.bicca.org

EDCs



NTU College of 
Medicine

Department of 
Environmental and 

Occupational 
Medicine, NTUH

Center for 
Occupational 

Disease and Injury 
Service*

Center for 
Occupational 

Disease and Injury 
Management and 

Service*

Workers’ Health 
Center*

Environmental 
Medicine 

Coordination 
Center

National Taiwan University Hospital

*Funded by Occupational Safety and Health Administration, Ministry of Labor

EDCs
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EMC2

Exposure 
Science

Human 
Biomonitoring

Illicit Drugs

Emerging 
Pollutants

Clinic Service

Environmental 
Disease

Environmental 
Exposure

Biomarkers

Risk 
Communication

Public 
Consultation

Exposure 
Databank

Health Risk 
Research

Environmental Medicine Collaboration Center 
(EMC2), 2014
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Outpatient Clinical Service
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Lead Water Pipes Removal, 2015
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◆簽署合作備忘錄 (2016/2/4)
台北市衛生局與臺大醫院簽署合作意向書
台北市衛生局與台大公衛學院簽署合作協議書

Blood Lead (g/dL) Lead Water Pipes Non-Lead Water Pipes

Median (IQR) 1.6 (1.0) 1.5 (0.9)

Mean (SD) 1.88 (1.08) 1.77 (1.17)

EDCs



Incense Burning Reduction, 2017-19 
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EDCs

PM2.5細懸浮微粒

PAHs多環芳香烴

VOCs揮發性有機氣體

Metals重金屬
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奇蹟背後
永不妥協

RCA

31

紀錄觀點【奇蹟背後】



• 臺灣美國無線電公司(RCA)污染事件，又稱RCA事件、RCA污染事件或者RCA污染案，是一件發生於台灣桃園縣桃園市的
土壤及地下水污染公害事件。

• RCA在1970年於桃園縣桃園市中山路、文中路與富裕街之間設置桃園廠為總廠，生產電子產品、電器產品、電視機之電
腦選擇器。

• 1994年6月3日當時的立法委員、前行政院環境保護署署長趙少康召開記者會，舉發RCA長期挖井傾倒有機溶劑等有毒廢
料，導致廠區之土壤及地下水遭受嚴重污染。

• 2007年由法律扶助基金會、台北律師公會、民間司法改革基金會、及台灣人權促進會等多位律師共同籌組了義務律師團，
除以RCA為被告外，並將奇異公司及湯普笙公司列為被告，透過法律訴訟爭取賠償。2009年11月11日，台北地方法院首
次傳喚受害人出庭作證，RCA案正式進入訴訟程序。

• 2015年4月17日，臺北地方法院一審宣判自救會勝訴，RCA、湯姆笙公司須賠償新臺幣5億6445萬元。

• 2017年10月27日，台灣高等法院經兩年審理，宣判RCA等四家公司須連帶賠償486人，賠償金額增加到新台幣7億1840
萬元。

• 2018年8月16日，最高法院判RCA、奇異等4家業者須連帶賠償其中262位員工或家屬共5億餘元確定，另246求償案發回
更審，全案部分確定。

• 2019年12月27日，臺北地方法院一審作出第二波求償判決，RCA、奇異等4家業者再次敗訴，合計應賠償1,120人23億餘
元。

• 資料來源：Wikipedia

臺灣美國無線電公司(RCA)污染事件
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RCA桃園廠附近民井地下水

• 1994年工研院就RCA桃園廠附近民井地下水分析結果，共含有十
二種含氯有機溶劑，其濃度超過飲用水水質標準數千倍

• 四氯乙烯：4,800 ppb，比飲用水標準5 ppb，超過將近一千倍

• 三氯乙烯：930 ppb，比飲用水標準5 ppb，超過將近二百倍

• 二氯乙烯：1,417.5 ppb，比飲用水標準7 ppb，超過二百多倍

RCA
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第二波勝訴2019
4 未罹病但健康權受損
5 總額裁判

RCA



RCA
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鑑定證人

• 2013/7/4主詰問

• 2013/7/11主詰問

• 2013/8/1反詰問

• 2013/8/8反詰問

• 2013/12/13反詰問

• 2014/1/3反詰問

• 2014/1/10反詰問、覆主詰問、覆反詰問

• 總共出庭7天14次，筆錄記載高達50小時

RCA
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居民(環保署)

死因勝算比(MOR)

男性總癌症及肝癌

健康風險評估

增加肝癌的風險

生殖危害

子代有較高的早產風
險

動物實驗

污染混合物會增加雄
鼠肝腫瘤及雌鼠乳腺
瘤、卵巢囊腫及子宮

內膜增生

員工(勞委會)

癌症比例死因比
(PCMR)

女性乳癌較其他電子
廠與紡織廠高

癌症標準化死亡比
(SMR)

未達統計上顯著水準

癌症標準化發生比
(SIR)

未達統計上顯著水準

乳癌病例對照研究

未達統計上顯著水準

員工(衛生署)

癌症標準化發生比
(SIR)

女性乳癌顯著較高

女性生殖危害

子代有較高的癌症風
險，特別是白血病

男性生殖危害

子代有較高的嬰兒死
亡風險，特別是先天

性心臟病

RCA
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Hill's Criteria for Causation

• Strength

• Consistency

• Specificity

• Temporality

• Biological gradient

• Plausibility

• Coherence

• Experiment

• Analogy

40

Sir Austin Bradford Hill (1897–1991) in 1965

RCA



期許

RCA
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Slimming Regimen, Belgium, 1990-92

AAN

43



Aristolochic Acid Nephropathy

Guang-Fangchi (廣防己)

Qing-Mu-Xiang (青木香)

Guan-Mu-Tong (關木通)

Ma-Dou-Ling (馬兜鈴)

Tian-Xian-Teng (天仙藤)

AAN
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2002    
IARC  
Group 1: 
Plants 
Containing 
Aristolochic
Acid 

Studies on 
Aristolochic
Acids

2003 
Taiwan

1994
Belgium
Germany
United Kingdom
Canada 
Australia

2000
United 
States Guang-Fangchi (廣防己)

Guan-Mu-Tong (關木通) 
Ma-Dou-Ling (馬兜鈴)
Qing-Mu-Xiang (青木香)
Tian-Xian-Teng (天仙藤)

Slimming Regimen, Belgium, 1990-92

SMR study in 
herbalists, 1998-2000

Case-control study in 
herbalists, 2000-03

NHIRD study in general 
population, 2003-10

SIR study in herbalists, 
2005-10

AAs, statins & aspirin study in 
general population, 2005-14

AAs & HCC in general
population, 2014-18

Ban
2012     
IARC  
Group 1: 
Aristolochic
Acid 

AAs, lead & mercury in herbalists 
after the ban, 2007-11
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Aristolactam (AL)-DNA adducts and TP53 mutations in 
urothelial carcinoma of the upper urinary tract (UUC) cases 
from Taiwan

Cases All Males Females

Cases with AL-DNA adducts 89/148 (60%) 45/82 (55%) 44/66 (67%)

Cases with TP53 mutations 84/151 (56%) 34/82 (41%) 50/69 (72%)

Cases with TP53 A→T transversions 47/151 (31%) 17/82 (21%) 30/69 (43%)

Cases with AL-DNA adducts and TP53 
A→T transversions

38/148 (26%) 14/82 (17%) 24/66 (36%)

AL-DNA adduct-positive cases with 
TP53 A→T transversions

38/89 (43%) 14/45 (31%) 24/44 (55%)

TP53 A→T transversion cases with AL-
DNA adducts

38/45 (84%) 14/17 (82%) 24/28 (86%)

PNAS 2012;109:8241-6

AAN
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Reduction in the Incidence of Urological Cancers after the Ban 
on Chinese Herbal Products Containing Aristolochic Acid

AAN

47Scientific Reports 2019

Bladder cancer

Renal cell cancer

Upper tract 
urothelial carcinoma



Sequence of Establishing Causality

• Clinical observation

• Many case reports

• Epidemiological studies
• Cohorts of consumption of single material in Belgium
• Occupational exposure in Chinese herbalists of Taiwan
• Consumptions of mixtures of multiple Chinese herbs in general population of Taiwan
• High incidence of end-stage renal disease in Taiwan
• Environmental contamination among farming material and epidemic among residents consuming 

contaminated bread in Balkan countries

• Biological plausibility from human and animal studies
• TP53 gene mutation and AL-DNA adducts
• Molecular mechanisms of renal damage or tumor formation

• Preventive actions after causal inference
• Total ban of aristolochic acid associated herbs
• Early recognition and/or diagnosis of AA-associated nephropathy and cancer
• Establishment of pharmacovigilance system for herbs

BioMed Res Int 2014;2014:569325

AAN
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Aristolochic Acid Nephropathy
A Worldwide Problem

In the Balkan regions, 

the exposure to AA 

found in flour obtained 

from wheat 

contaminated with 

seeds of Aristolochia

clematitis could be 

responsible for the so-

called Balkan-

endemic nephropathy.Kidney Int 2008;74:158-69

49臺灣的自然資源與生態資料庫II：綠色大地

AAN



Herbal medicine 
containing 
aristolochic acid and 
the risk of 
hepatocellular 
carcinoma in patients 
with hepatitis B virus 
infection

50

AAN

IJC 2018; 143(7): 1578-87
Cancer Epidemiol Biomarkers Prev
201; 28(11): 1876-83



Global distribution of mutagenesis associated 
with aristolochic acid and derivatives in HCCs

51

Sci Transl Med 2017; 9: eaan6446

AAN
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The HMG-CoA reductase
pathway, which is blocked by 
statins via inhibiting the rate 
limiting enzyme HMG-CoA 
reductase.
http://www.cdc.gov; Nature Reviews Drug Discovery
2003; 2: 517-526

Statins
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Statins
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Gastroenterology and Hepatology 2012;8:320-1



Statins
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Hepatobiliary Surgery and Nutrition 2013;2:1-3



Statins
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Pathogenesis of HCC And Targets for Chemopreventive Agents

Singh, S. et al. (2013) Chemopreventive strategies in hepatocellular carcinoma

Nat. Rev. Gastroenterol. Hepatol. doi:10.1038/nrgastro.2013.143

Statins
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Proposed algorithm for chemoprevention in patients at risk of hepatocellular 

carcinoma

Singh, S. et al. (2013) Chemopreventive strategies in hepatocellular carcinoma

Nat. Rev. Gastroenterol. Hepatol. doi:10.1038/nrgastro.2013.143

Statins
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Finding the Missing Link for Big 
Biomedical Data

JAMA. 
2014;311(24)
:2479-2480.
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Statins



結語

• Mastering the literature

• Being alert to new ideas and novelty

• Keeping the imagination roaming

• Considering practical and policy implications

• Having the courage to follow your heart and intuition

Think 
different

Make a 
difference
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Precision Environmental Medicine

67Nature Reviews Cancer 16, 525–537 (2016)



The Exposome Concept

68
Science 2020
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Either I will find a way,
or I will make one.

Philip Sidney, Poet

Pau-Chung Chen

pchen@ntu.edu.tw

www.rhlab.org
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