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Humidifier

가습기 살균제 건강피해 사건 백서 (2014)

• Humidifier

• ↑Use of humidifier in Korea, Especially more in pregnant women

• Proper humidity → bronchitis, cough….

Trends of humidifier per house in Korea
Monthly percentage of humidifier use in Korea



Disinfectant

U.S. Centers for Disease Control and Prevention. April 2016

• Definition of disinfectant 

• “A chemical substance or compound used to inactivate or destroy microorganism on 

inert surfaces”

• Distinguished from other antimicrobial agents such as antibiotics or antiseptics.

• Working by destroying the cell wall of microbes or interfering with their metabolism

• Household grade disinfectant: suitable for “general” purpose 



Humidifier Disinfectant (HD)

U.S. Centers for Disease Control and Prevention. April 2016

가습기 살균제 건강피해 사건 백서 (2014)

• Humidifier disinfectant (HD) 

• “Bacteria-breeding humidifier” “Humidifier sickness symptoms”

→ Need of disinfectant for cleaning or sanitizing the humidifier (necessary)

→ First commercial products in Korea (1994)

→ Over 8 million persons for 18 years (estimated)



HD associated tragedy in 2011, Korea

가습기 살균제 건강피해 사건 백서 (2014)

• Several severe, respiratory distressed, and pregnant pneumonia patients → ICU care 

• Reported to KCDC for concern about outbreak of viral disease

• What`s in common among patients?

• CC: Dyspnea

• Age: 20~30, perinatal, Onset: Feb ~ March

• Clinical course: slow progressive but abrupt aggravation

• CT: R/O Viral disease R/O Interstitial disease

• Microbes: no common pathogen, weak evidence of infection

• Treatment response: no response to antibiotics, anti-viral, and anti-fungal agents, mild 

response to systemic corticosteroid 



HD associated tragedy in 2011, Korea

가습기 살균제 건강피해 사건 백서 (2014)
CK Cheon et al. Korean J Pediatr 2008;51:383-390

• Turning point

• Lettering among Pulmonology specialists

• Similar adult patients in other referral hospitals, including “male” patient

• Similar patients in “child” also

• Repeatedly experience similar patients for years

• Especially in winter and spring season



Humidifier Disinfectant (HD) Tragedy in Korea

Epidemic acute interstitial pneumonia in children occurred during the early 2006s. Korean J Pediatr. 2008 Apr;51(4):383-390.

• Turning point

• In multidisciplinary meeting

• Pathology

: acute or subacute damage around small airway

• Most patients are child and perinatal women 

→ Usually, live indoors

• Seasonal: Late winter ~ early spring

→ possibility of inhaled materials

→ indoor use materials

→ possibility of humidifier related 



Humidifier Disinfectant (HD) Tragedy in Korea

• Characteristics of Unknown disease with home humidifier use

• Acute progressive, refractory hypoxemia

• Chest image: Bilateral diffuse infiltration and GGO → lobular micronodules

• Pathology: Necrotizing bronchiolitis

• No definite pathogen, No exposure to toxic agent

• No response to corticosteroid or immunosuppressant



Case-Series Reports: HD-associated lung injury

Hong S-B, et al. Thorax 2014;69:694–702.
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Case-Control Study: HD-associated lung injury

Kim HJ et al.  Thorax  2014;69:703–708

• Case definition

• Bilateral, centrilobular or diffuse GGOs observed on HRCT

• Symptoms or signs not consistent with other clinical Dx

• Young adults (20~54 years)



Case-Control Study: HD-associated lung injury



Case-Control Study: HD-associated lung injury

Kim HJ et al.  Thorax  2014;69:703–708

Unknown disease → related with Humidifier and Humidifier Disinfectant



After prohibiting the use of HD 

Kim et al. Am J Respir Crit Care Med Vol 189, Iss 1, pp 48–56, Jan 1, 2014

• Prohibiting the sale of HD products (2011.11)

• Monitoring of prospective nationwide monitoring system (Adult & Children)



1994

가습기살균제 최초 시판

2006

원인 미상 호흡부전 동시 소아 중환자실 입원

2008

급성간질성폐렴 소아환자 전국 현황 보고 (유행 환자 15례)

2011.04

원인 미상 폐질환 산모 7명 질병관리본부 신고 및 역학조사

흡입독성 의심, 소아과 유사환자 → 겨울철 실내환경

→ 환자-대조군 연구 → 가습기 살균제 연관성 첫 언급

2011.11

가습기살균제 강제수거명령

2012

원인미상 중증폐질환 발생규모 및
질병 특성 파악을 위한 연구

Timeline of revealing the HD disaster in Korea

2014 AJRCCM

판매 금지 이후
새롭게 발생한 폐질환 없음을 확인한 연구

2013

‘가습기살균제 폐손상 의심 접수사례 조사＇시행



Chemical Materials of HD



PHMG, PGH, and CMIT/MIT

Lee et al. Refined Exposure Assessment for Three Active Ingredients of Humidifier Disinfectants Environ. Eng. Res. 2013 December,18(4) : 253-257

PHMG Toxicology Results

per oral (harmful), percutaneous (low), skin 
irritation (none), ocular irritation (severe), skin 
sensitization (limited evidence)

PGH Toxicology Results

per oral (low), skin irritation (none), ocular 
irritation (none), skin sensitization (none)

CMIT/MIT Toxicology Results

skin irritation (severe), ocular irritation (+), 3m 
inhalation (AR, 1.15 minimal)

Lack of inhalation toxicity results

Rare evaluation data about inhalation toxicity



Reproduce analysis of HD exposure

Lee et al. Refined Exposure Assessment for Three Active Ingredients of Humidifier Disinfectants Environ. Eng. Res. 2013 December,18(4) : 253-257



Reproduce analysis of HD exposure

Lee et al. Refined Exposure Assessment for Three Active Ingredients of Humidifier Disinfectants Environ. Eng. Res. 2013 December,18(4) : 253-257



Reproduce analysis of HD exposure

환경부 보고서 - 가습기살균제 원료물질 노출재현실험 2019

2019 CMIT/MIT 노출재현실험

PHMG, PGH, CMIT/MIT → confirm of HD exposure by humidifier



Entry to human body of HD particles

환경부 보고서 가습기살균제 원료물질 노출재현실험 2019

Humidifier

Aerosolized HD particles

< 100nm



Evidence from Animal and Human study



Animal Study – PHMG: Acute Exposure

국립환경과학원 보고서 – 기존화학물질관리를 위한 안정성연구 2013

SD Rat by nose inhalation exposure for 4hr, Low (20mg/m3), Moderate (80 mg/m3), High (300 mg/m3)

Control Low dose Moderate dose High dose



Animal Study – PHMG: repeated exposure
•Low (0.15mg/m3), Moderate (0.50 mg/m3), High (1.60 mg/m3)

Control Low dose Moderate



Animal Study – PHMG: repeated exposure

Total protein

IL-1β IFN-γ

IL-6Total cells



Animal Study – PGH: subacute inhalation

SD Rat, 0, 0.10, 0.50, and 2.00 mg/m3 for 4 weeks, by nose

After recovery

Control Low Moderate

High



Animal Study – PGH: subacute inhalation



Animal Study – CMIT/MIT: chronic inhalation



American  Journal  of  Respiratory  and  Critical  Care  Medicine  Volume  190  Number  6 | September  15  2014

Human Histopathology: HD case



Evidence of possible mechanism



What is the process of HD diseases?

disease control

Gene expression hierarchical clustering



• TGFβ signaling → lung fibrosis

• Oxidative phosphorylation 

→Oxidative stress

→Asthma, COPD, cancer? 

• RAS and MAPK pathway 

→ cell growth, differentiation, survival

What is the process of HD diseases?

KEGG pathway



Leem et al. Environmental Health and Toxicology 2017;32:e2017017

Possible toxic mechanism of HD associated disease



• PHMG

• ↓E-cadherin, ↑α-SMA 

• EMT modulator change

• Toxicity to cell membrane

HD associated health problem: Lung fibrosis



• Gene expression: MMP2 and ECM 

related gene 

• Methylation: CpG

• Genotypic variation

• Animal study

: Fetal weight loss, delay of ossification, 

Decreased birth weights

한국환경산업기술원 살균제 유해성분에 의한 폐질환 발생 메커니즘 규명 및 폐이외 질환 건강영향평가

HD associated health problem: Fetal effects



한국환경산업기술원 살균제 유해성분에 의한 폐질환 발생 메커니즘 규명 및 폐이외 질환 건강영향평가

HD associated health problem: Asthma



J.Y et al. Exposure  to  Humidifier  Disinfectants  Increases  the Risk  for  Asthma  in  Children AJRCCM

HD associated health problem: Asthma



• Rhinitis?

• Dermatitis?

• Bronchitis?

• Pneumonia? 

• Hepatitis or Hepatopathy?

• Ocular?

→ not definite data

한국환경산업기술원 살균제 유해성분에 의한 폐질환 발생 메커니즘 규명 및 폐이외 질환 건강영향평가

HD associated health problem: Non-pulmonary



Epidemiologic approach of HD associated disease

국립환경과학원 보고서
- Establishing disease identification and standards criteria to expand the range of health hazards caused by the humidifier sterilizer 2017

Need of precise toxicologic data according to the suspicious disease



HD related disease: Big data analyses

국립환경과학원 - 국민건강보험공단빅데이터를이용한 가습기살균제건강피해규명연구

• Mixed effect model (age, period, cohort effect)

• Before and after

• Difference in difference 



HD related disease: Big data analyses



가습기살균제 피해구제 제도



Comprehensive decision of HD exposure correlation

Judgement of environmental exposure 

Judgement of clinical possibility

Object evidence of purchase, Degree of exposure

Histopathology, Radiology, Clinical relationship

Comprehensive decision



Currently,



피해구제제도 소개

• 건강피해

• 독성 화학물질을 함유한 가습기살균제에 노출됨으로써 발생하거나 악화된 생명 또는 건강상의 피해(후유증

포함)

• 가습기살균제피해자

• 독성 화학물질을 함유한 가습기살균제에 의하여 사망하거나 건강피해를 입은 사람으로서 제10조제2항에 따

라 환경부장관에게 구제급여 지급결정을 받은 사람

• 가습기살균제노출확인자

• 가습기살균제 사용 환경, 사용 기간 및 사용 제품 등을 조사하는 환경노출조사를 거쳐 환경부령으로 정하는

바에 따라 가습기살균제에 노출된 사실이 확인된 사람

• 구제급여

• 가습기살균제 피해자 또는 유족에게 요양급여, 요양생활수당, 장의비, 간병비, 장해급여, 특별유족조위금, 특

별장의비, 구제급여조정금 등을 지원

한국환경산업기술원 - 가습기살균제피해지원종합포털



피해구제제도 소개 – 가습기살균제 피해인정 및 급여지급 흐름도

한국환경산업기술원 - 가습기살균제피해지원종합포털

https://www.healthrelief.or.kr/home/main.do



Future direction of academic study

• Long-term monitoring analysis of victims by Humidifier Disinfectant (HD)

• Activation of Health damage monitoring 

• Development of evidence of HD associated disease 

• Systemic approach, Psychological approach

• Pulmonary rehabilitation 

• Return to normal life of HD victims

• Biomarker development for monitoring or assessing HD related disease



Thank you


