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II. RISK ASSESSMENT 
 
1. Introduction 
  

 Hazard (유해성): a probability of adverse effects in a particular situation 

 Risk (위해도): a measure of the probability 

 Hazardous vs. Risk (e.g., 총은 유해성이 높다. 닫힌 상자 속의 총은 위해도가 

거의 없다. A gun is very dangerous. However, a gun that is contained within 

a safe or one that does not hold bullets holds almost no threat)  

  

 Risk assessment (Quantitative risk assessment) 

 Risk management: The use of the results of a risk assessment to make policy 

decisions 

 
 
2. Risk Perception 
 - People respond to the hazards they perceive. If their perceptions are faulty, 

risk management efforts may be misdirected. 

 - 자동차 사고에 대한 risk 는 아주 잘 계량화되고 있으나, 담배나 음주에 대

한 risk 의 계량화는 어려운 문제이다. Some risks are well quantified. For 

example, the frequency and severity of automobile accidents are well 

documented. In contrast, the risks resulting from use of alcohol and tobacco 

are more difficult to document. 

 - Following Table illustrate different perceptions of risk, i.e., “present risk of 

death”. 

  40 members of LOWV (League of Women Voters): 

  30 College of Students 

  25 business and professional members of the “Active Club” 

  15 Experts 
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In the case of ‘nuclear power’, ‘Experts’ showed relatively low risk perception. 

However, after the Fukushima Accident in 2011? 
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 리스크의 크기 = 유해성의 강도 x 노출확률 

 Magnitude of Risk = Strength of Hazard x Probability of Exposure 

 계산된 리스크의 크기가 같은 값을 가질지라도, 개인이 느끼는 리스크의 크기

는 다를 수 있다. 원자력 발전소 사고로 죽을 리스크는 스키를 타다 죽을 리

스크보다 훨씬 적지만 일반인이 느끼는 리스크는 원자력 발전소 사고의 경우

가 훨씬 크다. 또, 베트남 전쟁에서 군인이 사망할 확률이 오토바이 사고로 

사망할 확률과 비슷하나, 역시 체감 리스크는 전자가 훨씬 크다. 

 Although the estimated magnitude of risk may be the same, the magnitude of risk 

that one feels may be different. Although the estimated risk of dying from an 

accident by a nuclear power plant is much lower than that of the death rates from 

skiing, most people feel as if the risk with a nuclear power plant is much greater. 

In another example, the possibility of a soldier dying in a war at Vietnam is quite 

similar to the probability of dying in a motorcycle accident, yet we feel much 

greater amount of risk with the former. 

 

 (예) 1989년 미국 CBS의 시사 프로그램 “Sixty minutes”는 “알라”라는 식물성

장억제제에 관한 고발 프로그램을 방영한다. “알라”는 유니로열이라는 제조회

사가 붙인 상품명으로 원 학술명칭은 다미노자이드이며, 사과의 숙성을 늦춰 

출하 시기를 조절할 수 있게 하며 수확전 낙과를 방지하는 효과가 있다.  

 (Example) In 1989, American TV program “Sixty minutes” on CBS discusses the 

problem of the plant growth inhibitor “Allah”. Allah is a product by Uniroyal 

Holdings Inc., with the scientific name being Daminozide, B-9. It slows the apple 

ripening process and therefore allows the control of its time of harvest, and 

prevents pre-harvest fruit-drop.  

 이 프로그램에서는 알라가 발암물질이며, 알라가 뿌려진 사과나 그 사과를 원

료로 만든 사과주스를 먹은 걸로 인해 7 세 이하 아동 가운데 5, 300 명이 암

에 걸리게 될 것으로 보도한다. 그런데, 미국 전체 어린이는 약 2,200 만명이

며 통계에 의하면 이 중이 30%인 약 700 만명은 언젠가는 암에 걸려 죽게 된

다. 즉, 알라의 의해 추가되는 발암사망 확률은 0.024%에 불가하다. 
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 The program claims that “Allah” is carcinogenic, and that any apple or products 

incorporating apples that have been touched by “Allah” will affect consumers, 

giving cancer to approximately 5,300 kids under the age of 7. However, there are 

approximately 22,000,000 (22 million) children in the United States, and 

according to statistics, approximately 30% (~7,000,000 children) will die of 

cancer eventually. That is, the increased chance of death caused by “Allah” 

being the carcinogen is only 0.024%. 

 

 체감 리스크 = 유해성의 강도 x 증폭계수 

 Risk felt by subject = Strength of Hazard x Degree of Amplification 

 증폭계수: 사회적 분노반응, 공포반응 등과 같은 주관적 요소로 특히, 공포반

응은 유해성의 강도가 클수록 선택의 여지가 적을수록 불확실하고 겪어 본 일

이 없을수록 커진다. 예, 담배는 발암 원인의 약 1/3, 한국 사람은 4 명 중에 

한명이 암으로 죽는다. 따라서, 흡연은 최소한 목숨의 1/12 이 달린 문제임. 

흡연보다 인간광우병은 훨씬 적은 리스크이나 느끼는 리스크는 훨씬 클 수 있

다. 

 Degree of Amplification (Society Response): Subjective factors such as societal 

anger and fear, and especially fear may increase depending on increased levels 

of hazard, decreased controllability over the situation, and inexperience. For 

instance, cigarettes are the cause approximately 1/3 of all carcinogenic cancers, 

and 1 in 4 Korean people die of cancer. Furthermore, smoking is a problem that 

entails at least 1/12 of people’s lives. Cigarette smoking may affect at minimum 

1/12 of someone’s life, but Mad Cow Disease, which has a much smaller risk, 

may cause much larger feelings of risk. 

 

  



457.210 환경공학 
___________________________________________________________________________________________________ 

5 
________________________________________________________________________________________ 

서울대학교 공과대학 건설환경공학부 

폐기물실험실 http://waste.snu.ac.kr/  

 An example of risk assessment, 

 (given) In the United States, 3.9 million deaths per year 

  541,532 were cancer-related 

 (solution) the risk of dying from caner in U.S. is 

   6

541,532 0.14
3.9 10

=
×

 

  the annual risk (assuming a 70-year life expectancy and ignoring age 
factors) 

  0.14 0.002
70

=  

   Then, the life-time risk of death from all causes is?  1.0 (100%) 

 

 U.S. EPA selects a lifetime incremental risk of cancer in a range of 10-7 to 10-4 as 

acceptable. (작업환경기준치는 일반환경기준치에 비하여 높게 설정됨) 
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3. Risk Assessment (위해성 평가) 

 어떤 물질이 위해성을 발현하려면 (1) 그 물질의 농도가 노출허용수준을 초과

해야 하며, (2) 그 물질이 수용체로 전달될 수 있는 노출경로가 있고, (3) 전달

된 물질과 접촉하는 수용체가 존재해야 한다. 

 In order for a compound to be considered hazardous, it must 1) exceed the 

recommended amount of safety, 2) has a way of spreading 3) have pathways to 

expose receptors to the compound. 

 

 
* NRC(National Research Council)/NAS(National Academy of Science) 
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  Data collection and Evaluation (기초조사) 

  Toxicity Assessment (유해성/독성 평가) 

  Exposure Assessment (노출 평가) 

  Risk Characterization (위해도 결정) 

- Risk assessment is site-specific. 

 

3.1 Data Collection and Evaluation 
 - gathering and analyzing site-specific data relevant to human health concerns 

for the purpose of identifying substances. 

 - gathering background and site information, the preliminary identification of 

potential human and ecosystem exposure through sampling, and the 

development of a sample collection strategy 

 - Background information 

  (1) possible contaminants 

  (2) concentrations of the contaminants in key sources and media of interest, 

characteristics of sources, and information related to the chemical’s release 

potential 

  (3) characteristics of the environmental setting that could affect the fate, 

transport, and persistence of the contaminants 

 - A conceptual model of pathways and exposure points can be formed from the 

background data and site information. 

 

3.2 Toxicity Assessment 
 - The process of determining the relationship between the exposure to a 

contaminant and the increased likelihood of the occurrence or severity of 

“adverse effects”, Hazardous identification + Dose-response evaluation 

 - Hazardous identification: determines (1) whether exposure to a contaminant 

causes increased adverse effects for humans and (2) to what level of severity 

 - Dose-response evaluation: relate the dose of information to the incidence (발

생율) of adverse reactions in an exposed population 



457.210 환경공학 
___________________________________________________________________________________________________ 

8 
________________________________________________________________________________________ 

서울대학교 공과대학 건설환경공학부 

폐기물실험실 http://waste.snu.ac.kr/  

 - Types of tests: vivo test vs. vitro test 

  Vivo test (using laboratory animals such as rats, swine, etc.): (a) expensive 

and time consuming, (b) unsuitable for a rapid evaluation of site-specific risks, 

(c) ethical issues, (d) difficulty to confidently extrapolate the results from in vivo 

test to humans. 

  Vitro test (simulate parameters such as pH and chemistry, representative of 

the human digestive tract include stomach and small intestine): 

“bioaccessibility (생물접근성, e.g., solubilized)” ≥ “bioavailability (생물이용성, 

e.g, absorbed in biological membrane)” 

  

 - Dose: the mass of chemical received by an animal or exposed individual  

  The unit of dose is not constant. e.g., mg/kg = parts per million, or where the 

dose is administered over time, e.g., mg/kg,day 

 

 - Dose-Response Curve (용량-반응 평가): (Figure 5-2, Gaussian cumulative-

frequency curve) 

 
  LD50 (반수치사량): lethal dose for 50% of the animals 

  NOAEL (no observed adverse effect level, 최대무작용량) 

  RfD (Reference dose, 참고섭취량) or ADI (Acceptable daily intake, 일평균섭

취량) for noncarcinogens: without appreciable risk, obtained by 

(NOAEL)/(Safety factor) 
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  일반적인 safety factor = 100 (동물과 사람의 차이 10 x 개인 차이 10), 독성

평가 과정에서 정보가 불충분하거나 측정이 곤란한 경우에는 추가로 x2, x5, 

x10을 하기도 함 

 The normal safety factor of 100 (the difference between humans and animals 

x10 individual differences x10), and if the available information to determine 

the toxicity of the substance is insufficient, addition x2, x5, x10 may apply 
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  At low dosage, the slope of the dose-response curve can be represented by a 

“slope factor (SF, kg,day/mg)”. For example, for a dose-response curve 

(Mortality vs. Dose (mg/kg,day)). Values are updated by IRIS (Integrated Risk 

Information System, EPS) etc. “No threshold(임계치)” ? In the case of 

carcinogens, marginal value is not considered. 

  발암물질의 경우에는 임계치를 인정하지 않는다. 

   

  Toxicity is a very relative term depending on the individual and species. 

  동물실험을 통해 얻은 독성정보의 한계: (1) 동물은 일반적으로 체중이 커지

면 독성물질의 체중 당 대사능력도 커지는 경향. 예, 모르모트의 다이옥신 

LD50 는 0.6~2.1μg/kg 이나 햄스터의 다이옥신 LD50 는 1,000~5,000μg/kg. 

반대로 비소는 사람이 동물보다 더 민감. “사람은 큰 쥐가 아니다” 

  Through in vivo experiments, we have gained one piece of information 

concerning toxicity. In general, the heavier an animal is, the higher metabolic 

capacity for toxic substances. For example, a guinea pig’s dioxin LD50 is 

0.6~2.1μg/kg or a hamster’s dioxin LD50 is 1,000~5,000μg/kg. On the 

contrary, humans are more sensitive or susceptible to arsenic. “Humans are 

not big rats” 
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 3.3 Exposure Assessment 
 - To estimate the magnitude of exposure to chemicals of potential concern. The 

magnitude of exposure is based on chemical intake and pathways of exposure.  

 

 
  

 Reasonable maximum exposure (RME) in the point estimate methods 

 - RME: the highest exposure that is reasonably expected to occur and is 

intended to be a conservative estimate within the range of possible exposures 

 - (1) estimate exposure concentrations by direct measurements or indirect 

prediction and (2) estimate CDI (chronic daily intake, mg/kg,day) or AD 

(adsorbed dose, mg/kg,day) using the residential exposure equations for 

various pathways (Table 5-8) 

  

 Leach tests for soil-contaminants partitioning 

- Synthetic Precipitation Leaching Procedure (SPLP) (USEPA): for groundwater 

infiltration 

- Field Leach Test (FLT) (USGS): for surface runoff 

- Leaching Procedures for Subsequent Chemical and Ecotoxicity Testing (LP-

SCET) (ISO): Ecotoxicity estimation 
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What kinds of pathways can be added in Korea? e.g., public bath 

 

 3.4 Risk Characterization 

 - to collaborate qualitative and quantitative conclusions about risk 

 - For the quantitative risk assessment for a single compound with low-dose 

cancer risk (< 0.01) by a single route, 

   Risk = (intake)(slope factor) 

- For the quantitative risk assessment for a single compound with high-dose 

cancer risk (> 0.01) by a single route, 

   Risk = 1 – exp[-(intake)(slope factor)] 

 - For noncarcinogenic toxicity, “Hazardous Index (HI, 위험성지수)” 

   IntakeHI = 
RfD

 

  The estimated ratio does not represent any probability. If HI > 1, there may be 

concern for potential effects. 
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 - For multiple substances (i) and pathways (j). 

   T ijRisk  = risk∑  

  여러 물질들이 인체내에서 일으킬 수 있는 상승효과 일명, “칵테일 효과”는 

일단 없는 것으로 전제 
  Synergistic effects offered by many substances within the body; for now, no 

“cocktail effect” 

 - Hazardous index for multiple substances (i) and pathways (j) 

  T ijHazardous Index = HI∑  

 - Uncertainty: Should the risk from a carcinogen that causes liver cancer be 

added to the risk from a compound that causes stomach cancer? Adding risks 

are a conservative approach. 
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CVM (contingent valuation method, 가상시장평가법): 설문을 통해 WTP (willing to 

pay, 지불의사액) 등을 조사하여 환경가치를 계량화하는 방법. 환경가치나 건강가

치를 과학의 문제가 아닌 정치의 문제로 풀려는 한계. 예를 들면, 원자력 발전소

에 대해 일반 시민이 느끼는 risk 는 전문가가 느끼는 risk 보다 훨씬 크므로 원자

력발전소 건설에 부정적인 여론을 유발한다. CVM은 정책 결정의 좋은 도구가 될 

수 있다. 

CVM (contingent valuation method): A method to measure the environmental value. 

WTP (willing to pay) is estimated through surveys. There are limits to derive a 

solution of a health and environmental issue through political means as opposed to 

scientific means. For example, the public’s sentiments of risk regarding nuclear 

power plants exceeds the risk felt by an expert in the area, and therefore the public 

sentiment is a negative factor in further developments of nuclear power plants. WTP 

may be a good tool for a decision making in the case. 
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4. Risk Management 
 - “Zero risk” cannot be established. (e.g., Even banning the production of PCBs 

does not remove those that already permeate our environment.) 

 - Risk management is performed to decide the magnitude of risk that is tolerable 

in specific circumstances. 

 - Policy decision weighs (1) the results of the risk assessment against (2) the 

costs of risk reduction techniques, and (3) benefits of risk reduction as well as 

(4) public acceptance. 

 - Risk manager’s options are to (1) change environment (remediation, treatment, 

etc.), (2) modify the exposure (limiting intakes or access, banning of chemicals, 

etc.), or (3) compensate for the effect. A final choice is a blend of the options. 

  

  Risk 와 Benefit 의 동시 고려: 1962 년 레이첼 카슨이 “Silent Spring”에서 

DDT 의 치명적인 생태 독성을 호소한지 10 년 뒤 미국은 DDT 를 금지하였

다. DDT 가 합성되기 전에는 비소, 수은, 납 등의 성분이 든 화학약품이 살

충제로 사용되었으나, 이런 농약들은 사람이나 동물에게 중독을 일으키거나 

급성 부작용을 일으켰다. 그러나, DDT 는 포유동물에는 거의 아무런 피해

가 없었다. 10 years after Rachel Carson described the life-threatening affects 

of DDT in her 1962 book “Silent Spring”, USA banned the usage of DDT. 

Before DDT was created, chemical pesticides composed of arsenic, mercury, 

and lead was used. However, these pesticides often caused sudden side 

effects in humans and animals. But DDT barely had any negative effects on 

mammals.  

  1996 년 DDT 의 사용을 금지한 남아프리카공화국에서는 말라리아 발생이 

연간 5,000 건에서 50,000 건으로 증가했고, 스리랑카의 말라리아 감염자 

수도 1960 년대 초 수십명에서 DDT 를 금지한 후 1968 년 100 만명, 1969

년 250 만명이 말라리아에 걸렸다. 결국, 세계보건기구는 2006 년 9 월 5 일 

DDT 를 실내에 소량 뿌리는 것은 권장한다는 권고를 발표했다. 말라리아 

모기의 방제를 위해서 취해진 조치이다. 이와 같이, risk 와  benefit 을 동시
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에 고려하여 종합적으로 판단해야 하는 쉽지 않은 일이다. 

  In South Africa, which banned the usage of DDT in 1996, saw a dramatic 

increase of Malaria cases from 5,000 to 50,000, and Sri Lanka, which banned 

DDT in 1968, saw an increase in Malaria cases from tens to 1 million, and in 

1969 saw 2.5 million cases. Eventually, the WHO (World Health Organization) 

announced on September 5th of 2006 that small amounts of DDT usage 

indoors is permitted. This was an action taken to prevent additional cases of 

Malaria. Thus, making an acceptable conclusion that considers both the risks 

and benefits is a very difficult process. 

   

  과제의 시급성과 우선순위에 따라 정책 선택은 달라진다: 시민들의 건강을 

위해 미세먼지를 줄이고자 한다면 경유차보다 휘발유차를 장려해야 하나, 

지구온난화를 억제하기 위해서는 연비가 좋은 경유차를 장려해야 한다. 국

토가 넓어 쓰레기 매립지를 만드는데 어려움이 없으나 수자원이 부족한 나

라에서는 천기저귀보다 종이기저귀가 바람직할 수도 있다. 사회나 국가의 

환경용량과 가용기술에 따라 해답이 되는 기술이나 정책은 다를 수 있으며, 

현재의 해답이 기술 발전의 속도와 방향에 따라 장래에는 바람직하지 않을 

수도 있다. 

  The political response changes depending on the urgency of problem 
and priority: For the health of the citizens, Gasoline cars that emit less fine 

particulate matters are encouraged more so than Diesel cars, but in 

consideration of global warming, Diesel cars that have better gas mileage 

should be used more. In some countries which have enough land area but less 

water resource, paper diapers may be a better alternative to cloth diapers. 

Depending on the environmental capacity and the available technology, the 

technique and policies may change, but the current solution to the problems 

may not be the optimal in future based on the growth rate and direction of 

technology. 

  


