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Safety and Health at Work (SH@W) 초록 국문판인 「세계인

의 안전보건」은 지난 한 해(2022년 3분기호 - 2023년 2분기호) 

출판되었던 논문 중 중요하거나 시의적절성 있는 연구를 모

아 국문으로 번역하여 소개합니다. 세계 각지의 노동자들을 

위협하는 가장 시급한 문제에 대한 연구자들의 통찰과 발견

을 통해 산업안전보건 관련 국제동향을 파악하는 귀중한 자

료로 활용되기를 희망합니다. 

SH@W는 연구자와 산업안전보건 전문가들이 직장에서의 

웰빙을 촉진하기 위한 연구 플랫폼으로써, 본 초록국문판을 

통해 국내 독자 여러분이 더 포괄적인 시각으로 산업안전보

건 연구동향을 파악할 수 있도록 논문의 공통된 주제와 관심 

분야를 기반으로 범주화했습니다. 

1. 직종별 정신건강과 직무스트레스

코로나19 이후 세계적인 안전보건의 화두는 점차 정신건강

으로 옮겨가고 있습니다. 특히, 한국 소방공무원의 트라우마 

노출과 자살 생각 관련 연구, 호주 광산업 남성 노동자의 자살

률 평가 연구는 직무상 과잉 스트레스 노출에 따른 특정 직업

군의 정신건강 위험에 경종을 울렸습니다. 프랑스에서는 소

방관의 갈등관리 유형과 직무소진 사이의 관계에 대한 연구

가 수행되었습니다. 미국 고형 폐기물처리 노동자의 정신건

강 악화에 대한 연구도 있었습니다. 대만에서는 신규 채용 간

호조무사의 이직 행동을 분석했는데 다양한 이직 영향 요인 

중 정신적 부담, 직장 폭력 등의 요소 또한 짚어보았습니다.

2. 팬데믹 이후 의료 종사자에 대한 관심

포르투갈에서는 팬데믹에 따른 의료 종사자의 정신건강에 

대해 분석한 연구를 통해 심리적 웰빙을 증진하기 위한 방안 

마련을 촉구했습니다. 이란에서는 간호사의 비생산적 업무 

행동 원인을 분석한 연구가 수행되었고, 의료 종사자가 사용

하는 마스크에 관해 평가한 연구도 있었습니다. 튀르키예에

서는 팬데믹 상황이 의사들의 경력 포기에 미친 영향을 확인

해 보았습니다. 

3. 산업재해 취약계층 보호

국제산업보건학회는 이주노동자들이 업무상 질병과 부상

에서 ‘위험’ 수준으로 노출되어 있으나 이들의 건강요구가 심

각하게 간과되고 있음에 대해 문제를 제기하며 이주노동자의 

안전보건을 보호하기 위한 선언을 발표했습니다. 한국에서는 

장시간 노동 및 교대근무, 야간 작업자의 대사증후군 유병률

을 준실험 연구로 분석하였습니다. 또 다른 한국의 연구는 업

무상 재해에서 사업주에 의한 병원 선택과 장애 관계를 분석

한 연구에서는 수도권에 거주하지 않는 여성 및 젊은 노동자

에서 사업주에 의해 병원 선택이 이루어질 경우 장애 및 중증 

장애 위험이 증가가 높았다고 분석했습니다. 중국에서는 제

조업 여성 이주노동자의 직무와 심리적 적응 과정에서의 스

트레스를 분석하는 구조방정식 모델링을 수행했습니다. 

4. 여전한 코로나19의 영향력

코로나19는 전 세계인의 생활과 작업을 크게 뒤흔들었습

니다. 팬데믹으로 인한 재택근무가 만연해지면서 인도네시아

에서는 재택근무 중 근골격계 질환에 대해 분석했습니다. 한

국 대구 및 경북 지역 중소기업을 대상으로 팬데믹 초기유행 

단계 중 감염 전파 예방조치에 관한 연구가 수행되었습니다. 

또한, 한국 대학생 성별에 따라 팬데믹에 대한 안전보건 위험 

인식을 분석하기도 했습니다. 
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5. 기후변화와 안전보건

기후변화는 노동자의 안전보건에도 큰 영향을 미치고 있습

니다. 캐나다에서는 극한의 추위 조건에서 보호복 소재의 보

온성 향상 연구를 비롯하여 실외 작업자의 피부암, 눈 손상 

및 열 스트레스 예방에 대한 연구가 발표되었습니다. 이탈리

아에서는 토스카나 지역의 해변 안전요원을 자외선으로부터 

보호하기 위한 조치를 연구했습니다. 

6. 위험요인 평가 및 관리

독소루비신을 사용한 고압복강항암화학요법 시술 시의 직

업적 노출 평가, 반도체 스크러버 제조 사업장에서 내화성 세

라믹 섬유의 직업적 노출평가, 용접재료 제조 사업장 내 열처

리 공정에서 발생하는 공기 중 유해인자 모니터링 및 평가, 

한국형 CAREX (K-CAREX) 개발: 발암물질 노출 강도 평가, 

항공기 내 부유세균 및 부유진균에 대한 노출평가 등 다양한 

위험요인을 평가하고 근로자를 보호할 수 있는 관리 방안 마

련을 촉구한 연구들이 발표되었습니다.

「세계인의 안전보건」은 국제적인 안전보건연구에 대하여 

국내 독자들에게 명확한 길잡이 역할을 하여 가치 있는 통찰

과 정보를 제공할 것입니다.

<주요 연구의 지리적 구분>

대륙 국가 제목
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[1] 이주노동자의 안전보건을 보호하기 위한 국제산업보건학회(ICOH)의 선언

ICOH Statement on Protecting the Occupational Safety and Health of Migrant Workers

미주

미국

[2] 화재 경보 시 건물 밖 대피에 대한 대학 직원의 믿음: 이론에 기반한 믿음 유도

Beliefs of University Employees Leaving During a Fire Alarm: A Theory-based Belief Elicitation

[3] COVID-19 팬데믹 기간 동안 미국 정규직 고형 폐기물처리 노동자 표본의 정신건강 악화와 업무 관련 노력, 보상 및 과도몰입 사이의 연관성

Associations between Poorer Mental Health with Work-Related Effort, Reward, and Overcommitment among a Sample of Formal US Solid Waste 

Workers during the COVID-19 Pandemic

[4] 미국 유제품 제조 업계에서 주요 안전 지표의 이행과 인지된 효과 사이의 불일치

Discrepancies Between Implementation and Perceived Effectiveness of Leading Safety Indicators in the US Dairy Product Manufacturing Industry

[5] 미국 소방관의 음주량에 관한 관습
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2020년 전 세계적으로 출신국 밖에서 생활하는 인구가 2억 8,100만 명에 달한 것으로 추

산된다. 국외 이주자들이 자발적으로 이주하는 주된 동기는 소득을 늘리고 고국에 남겨진 

가족을 부양하기 위함이다. 현재의 우크라이나 전쟁과 얼마 전 시리아와 베네수엘라 전쟁

에서 볼 수 있듯이 국외 이주자들은 위험한 과정을 통해 생계를 유지할 수 있는 수입 수단을 

즉시 찾아 나선다. 안타깝게도 전 세계적으로 국외 이주노동자들은 주로 ‘4D 일자리’(더럽

고, 위험하고, 어렵고, 차별적인 일자리)에서 일하고 있는 것으로 알려져 있다. 4D의 네 번째 

D는 최근 이주노동자들이 불안정한 고용에 노출된 상태에서 인력수입국에서 겪는 차별적 

측면과 기타 사회적 결정 요인을 인식한 결과로써 추가된 것이다. 결과적으로 이주노동자들

은 업무 관련 질병과 부상의 위험에 상당 수준으로 노출되어 있지만, 연구와 정책에서 이들

의 건강 요구는 심각하게 간과되고 있다. “모든 사람은 일할 권리, 자유로운 직업 선택권, 공

정하고 유리한 근로 조건 및 실업으로부터 보호받을 권리를 가진다.”라는 유엔 세계인권선

언에 따라, 우리는 산업안전보건, 생계, 인력수입국에 대한 이주노동자의 기여도를 저평가

하는 구조적 차별을 통해 이주노동자를 포함한 모든 인간의 생명을 경시해서는 안 된다. 이

러한 현상은 카타르 월드컵 준비과정에서 이주노동자들이 사망에 이를 정도의 폭염 등 심각

한 유해위험요인에 복합적으로 노출된 데서 확인할 수 있다.

1.  이주노동자의 안전보건을 보호하기 위한 국제산업보건학회
(ICOH)의 선언

http://crossmark.crossref.org/dialog/?doi=10.1016/j.shaw.2022.06.004&domain=pdf
https://doi.org/10.1016/j.shaw.2022.06.004
http://www.sciencedirect.com/science/journal/20937911
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배경

직장에 화재 대피에 관한 정책이 있음에도 불구하고 여전히 많은 직원이 화재 경보가 울렸

을 때 대피하지 않는다. 합리적 행동접근법은 사람들의 행동 결정의 근간이 되는 믿음을 밝

히고 행동을 촉진하는 데 도움이 되도록 설계된 것으로, 행동을 가능하게 하는 데 필요한 인

과 인자를 제시한다. 이 연구는 합리적 행동접근법의 두드러진 믿음 도출을 사용하여 대학 

직원들이 직장에서 화재 경보가 울렸을 때 즉시 건물을 떠나는 것에 대해 인식하는 장점/단

점, 찬성 요인/반대 요인, 촉진 요인/방해 요인을 파악하고자 한다.

방법

미국 중서부 지역의 한 대형 공립 대학교의 직원들에게 온라인 횡단면 설문조사를 실시하였

다. 인구통계학적 및 배경 변수에 대한 서술적 분석을 수행하였으며, 개방형 응답에 대한 6

단계 귀납적 내용 분석을 수행하여 화재 경보 시 건물 밖 대피에 대한 믿음을 파악하였다.

결과

조사 결과에 의하면 조사 대상자들은 직장에서 화재 경보가 울렸을 때 건물 밖 대피를 하는 

것이, 낮은 위험성 인식과 같은 장점보다 단점이 더 많다고 인식하였다. 대상자들에게 상사

와 동료는 즉시 대피하도록 하는 중요한 영향 요인이었다. 인지된 장점 중 어느 것도 대피 

의향에 유의하지 않았다. 대상자들은 즉각적인 대피 의향과 관련하여 접근성과 위험성 인식

을 중요한 상황으로 나열하였다.

결론

규범과 위험성 인식은 직장에서 화재 경보가 울리는 동안 직원들이 즉시 대피하는 데 영향

을 미칠 수 있는 주요 결정 요인이다. 규범 기반 및 태도 기반 중재는 직원의 화재 안전 관행

을 개선하는 데 효과적일 수 있다.

2. 화재 경보 시 건물 밖 대피에 대한 대학 직원의 믿음: 이론에 
   기반한 믿음 유도

http://crossmark.crossref.org/dialog/?doi=10.1016/j.shaw.2023.03.002&domain=pdf
http://www.sciencedirect.com/science/journal/20937911
https://doi.org/10.1016/j.shaw.2023.03.002
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배경

노력-보상 불균형(ERI)과 직장에서의 과도몰입은 정신건강 악화와 관련이 있다. 그러나 비

선형적이고 비부가적인 효과는 이전에 조사된 적이 없다.

방법

68명의 미국 정규직 폐기물처리 노동자(남성 87%)를 대상으로 노력, 보상, 과도몰입과 정

신건강 악화 확률 간의 연관성을 조사하였다. 전통적인 로지스틱 회귀 및 베이지안 커널 머

신 회귀(BKMR) 모델링이 수행되었다. 모델은 연령, 교육 수준, 인종, 성별, 노조 가입 여부, 

신체 건강 상태를 통제하였다. 

결과

기존의 로지스틱 회귀분석에서는 노력과 보상(또는 ERI만)을 통제하였을 때 과도몰입만

이 정신건강 악화와 유의한 연관성이 있는 것으로 나타났다(IQR 증가: OR = 6.7; 95% CI: 

1.7–25.5). BKMR 연구 결과에 따르면 높은 노력, 낮은 보상, 높은 과도몰입이 동시에 IQR만

큼 증가하면 정신건강이 나빠질 확률이 6.6배(95% CI: 1.7–33.4) 유의하게 높아지는 것으로 

나타났다. 노력과 보상을 통제하였을 때 과도몰입의 IQR 증가는 정신건강이 악화될 확률을 

5.6배(95% CI: 1.6–24.9) 유의하게 높이는 것과 관련이 있었다. 직장에서의 높은 노력과 낮

은 보상이 항상 정신건강 악화와 관련이 있는 것은 아니며, 오히려 정신건강과 역-U자형 관

계를 가질 수 있다. 노력, 보상 또는 과도몰입 간의 상호작용은 관찰되지 않았다.

결론

노력, 보상, 과도몰입의 관계를 고려할 때, 과도몰입은 정신건강 악화를 가장 잘 나타낼 수 

있다. 사업장은 직원들의 과도몰입에 대한 인식을 평가하여 정신건강 결과를 개선할 수 있

는 잠재적 영역을 목표로 삼아야 한다.

3.  COVID-19 팬데믹 기간 동안 미국 정규직 고형 폐기물처리 노동자 표본의 
정신건강 악화와 업무 관련 노력, 보상 및 과도몰입 사이의 연관성

http://crossmark.crossref.org/dialog/?doi=10.1016/j.shaw.2023.01.004&domain=pdf
http://www.sciencedirect.com/science/journal/20937911
https://doi.org/10.1016/j.shaw.2023.01.004
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배경

미국 내 유제품 제조산업은 모든 부문의 산업 평균에 비해 지속적으로 높은 사고성 재해 및 업

무상 질병 발생률을 보여왔다. 안전관리시스템 내에서 적절한 안전 성과지표를 선택하여 도

입하는 것은 위험요인을 줄이는 데 중요한 측면이다. 이 연구에서는 유제품-제조 부문(NAICS 

3115)에서 시행되는 주요 안전지표와 업무 관련 재해 감소에 대한 인식된 효과를 조사하였다. 

방법

유제품 제조 시설에서 안전관리자 개인의 인식을 조사하였다. 2013년부터 2018년까지의 

OSHA 재해율(OIR)과 휴직, 업무제한 및 전환(DART) 비율을 분석하였다.

결과

가장 효과적으로 인식되는 지표는 안전 관찰, 작업중지 권한, 아차사고 보고, 안전 감사, 예방 

유지보수, 안전 점검, 안전교육 참석, 작업위험 분석/안전 분석 순으로 나타났다. 6년간의 추세

를 분석한 결과, 상위 8개 지표를 모두 이행하는 사업장은 8개 지표를 모두 이행하지 않는 사

업장보다 안전사고 발생률이 약간 낮은 것으로 나타났다. 생산 중심의 사고방식, 부실한 교육, 

경영진의 의지 부족이 이 산업에서 부상의 주요 원인으로 인식되었다.

결론

선행지표를 시스템 개선을 위한 것으로 활용하지 않고, 규제 요건을 충족하고 관리시스템을 

문서화하기 위한 목적으로만 수집한다면 부정적인 안전결과를 효과적으로 감소시키지 못할 

가능성이 높다. 선행지표가 효과적이려면 이를 적절히 선정하고, 실행하고, 주기적으로 평가하

고, 필요한 경우 조치를 취해야 한다.

4.  미국 유제품 제조 업계에서 주요 안전 지표의 이행과 인지된 
    효과 사이의 불일치

http://crossmark.crossref.org/dialog/?doi=10.1016/j.shaw.2022.04.004&domain=pdf
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배경

음주 문제는 미국 소방업무에서 고질적인 문제이다. 중재 연구로써 음주 소비 관습을 다루

는 것의 중요성은 많은 연구에서 언급된 바 있다. 이 연구의 목적은 전국 소방관 코호트에서 

음주 관습을 조사하여 이 직업군에 대한 중재 개발에 정보를 제공하는 것에 있다.

방법

직업 및 자원봉사 소방관(674명)을 대상으로 한 전국 온라인 설문조사에서 데이터를 얻었

다. 설문 참가자는 전국 소방 서비스 리스트서버(listserv)와 연구목적으로 연락하는 데 동의

한 소방관 데이터베이스를 통해 모집되었다.

결과

‘허용 가능한’ 음주량에 대한 질문에 소방관은 평균적으로 공중 보건 지침을 초과하는 음주

량을 제시하였다. 또한, 직업 및 자원봉사 소방관의 약 절반은 적어도 일부 상황에서 술기운

이 돌 때까지 마시는 것이 정상이라고 생각하였다. 소방관의 마지막 음주 후 근무 복귀 신고

까지 얼마나 시간이 지나야 하는지에 대한 질문에 평균 11.2시간(표준편차 4.6)이 필요하다

고 응답하였다. 그러나 과음을 보고한 남성 자원봉사 소방관의 경우 평균은 6.68시간(표준

편차 4.77)이었다.

결론

소방업무에서 과음과 폭음의 유병률이 높다는 점을 고려할 때, 이 연구에서 발견된 음주 관

습이 음주 문화와 일치하는 것은 놀라운 일이 아니다. 참가자들이 동료의 음주에 대해 응답

한 자료는 실제 폭음에 따른 유병률과 일치하였다. 따라서 이 직종에 대한 교육 및 예방 노

력은 과음을 다른 건강 및 안전 문제와 연관시키는 등 음주에 대한 관습을 바꾸는 데 초점을 

맞춰야 한다.

5. 미국 소방관의 음주량에 관한 관습
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Short Communication
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법집행관(LEO)은 종종 급변하고 통제할 수 없는 상황에 직면하여 다양한 위험에 노출된다. 

한 법집행기관에서 수색 영장을 집행하고 용의자를 구금한 후 여러 명의 법집행관에게 질병 

이 발생하자 국립산업안전보건연구원(NIOSH)에 평가를 요청하였다. NIOSH 조사관은 법 

집행관을 면담하고 의무기록, 수집된 증거물에 대한 법의학 실험결과, 조사 시 채취한 시료 

의 환경조사결과 등을 검토하였다. 조사에 참여한 법집행관의 3분의 2(38명 중 25명)가  

1개 이상의 증상을 보고하였다. 11명의 법집행관의 증상이 유사 인플루엔자질환(ILI)에 대한 

사례 정의를 충족하였다. 한 단위 부서의 구성원은 다른 부서의 구성원보다 유사 인플루엔

자질환의 유병률이 높았다(유병률(PR), 4.1; 95% 신뢰구간(CI): 1.3–13.0; p = 0.01). 인플루

엔자 백신 접종은 유사 인플루엔자 유병률 감소와 관련이 있었다(PR, 0.2; 95% CI, 0.1–0.9; 

p = 0.02). 직원이 아픈 상태에서 근무하지 않도록 하고 매년 인플루엔자 백신을 접종하면 

유사한 사례를 예방할 수 있다.

6. 법집행 실행 후 건강 증상의 집단발병: 사례 연구
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배경

추운 환경에서 온열생리적 쾌적성은 주로 의류를 통해 보장된다. 그러나 섬유 직물의 열 성

능과 보호 능력은 극한의 환경 조건에 민감할 수 있다. 이 연구에서는 세 가지 기술 섬유보

호복의 단열 특성을 평가하고 환경 매개변수(온도, 습도 및 풍속)가 단열 능력에 미치는 영

향을 확인하였다.

방법

보호복의 단열 용량과 공기 투과성을 실험적으로 측정하였다. 국제표준기구(ISO) 11092 표

준에 따라 신체 표면에서 의류 소재를 통해 환경으로 열이 전달되는 것을 모의 시험하는, 흔

히 ‘피부 모델’이라고 불리는, 땀 보호 열판기구를 사용하여 열 저항을 측정하였다.

결과

풍속이 0에서 16 km/h로 증가함에 따라 보호복의 보온성이 약 85% 손실되는 것으로 나타

났다. 특정 조건에서는 1클로(clo)에 가까운 손실값이 측정되었다. 반면, 온도 변화(-40°C, 

30°C)와 습도 변화(5 g/kg, 20 g/kg)는 연구 대상 보호복의 단열에 미치는 영향이 제한적인 

것으로 나타났다.

결론

이 연구는 섬유 직물의 열 성능과 보호 능력에 영향을 미치는 가장 중요한 변수는 ISO 

11092에서 고려하지 않은 매개변수인 풍속이라는 것을 보여주었다.

7. 극한의 추위 조건에서 보호복 소재의 보온성 향상

http://crossmark.crossref.org/dialog/?doi=10.1016/j.shaw.2022.11.004&domain=pdf
http://www.sciencedirect.com/science/journal/20937911
https://doi.org/10.1016/j.shaw.2022.11.004


12

Original article

Sajjad S. Fazel 1, Shelby Fenton 1,2, Nicole Braun 3, Lindsay Forsman-Phillips 2,
D. Linn Holness 4,5,6, Sunil Kalia 7,8, Victoria H. Arrandale 5,9, Thomas Tenkate 10,
Cheryl E. Peters 1,2,7,11,12,*
1 Department of Oncology, Cumming School of Medicine, University of Calgary, Calgary, AB, T2N 4N2, Canada
2 CAREX Canada, School of Population and Public Health, University of British Columbia, Vancouver, BC, V6T 1Z3, Canada
3 Saskatchewan Cancer Agency, Regina, SK, S4W 0G3, Canada
4 Occupational Medicine Division, St. Michael’s Hospital, Toronto, ON, M5B 1W8, Canada
5 Dalla Lana School of Public Health, University of Toronto, ON, M5T 3M7, Canada
6 Department of Medicine, University of Toronto, Toronto, ON, M5S 3H2, Canada
7 BC Cancer, Vancouver, BC, V5Z 1G1, Canada
8 Department of Dermatology and Skin Science, Faculty of Medicine, University of British Columbia, Vancouver, BC, V5Z 4E8, Canada
9 Occupational Cancer Research Centre, Ontario Health, Toronto, ON, M5G 1X3, Canada
10 School of Occupational and Public Health, Toronto Metropolitan University, Toronto, ON, M5B 2K3, Canada
11 Department of Community Health Sciences, Cumming School of Medicine, University of Calgary, Calgary, AB, T2N 4Z6, Canada
12 British Columbia Centre for Disease Control, Vancouver, BC, V5Z 4R4, Canada

a r t i c l e i n f o

Article history:
Received 9 August 2022
Received in revised form
25 November 2022
Accepted 9 January 2023
Available online 16 January 2023

Keywords:
Knowledge translation
Occupational health
Outdoor workers
Skin cancer
Sun safety

a b s t r a c t

� 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research 
Institute, Korea Occupational Safety and Health Agency. This is an open access article under the 

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Sajjad S. Fazel: https://orcid.org/0000-0002-6457-4017; Shelby Fenton: https://orcid.org/0000-0001-6970-3327; Nicole Braun: https://orcid.org/0000-0002-7475-7837;
Lindsay Forsman-Phillips: https://orcid.org/0000-0002-5257-1732; D. Linn Holness: https://orcid.org/0000-0001-6632-7688; Sunil Kalia: https://orcid.org/0000-0002-
5271-5273; Victoria H. Arrandale: https://orcid.org/0000-0002-9587-4207; Thomas Tenkate: https://orcid.org/0000-0002-4521-2045; Cheryl E. Peters: https://orcid.org/
0000-0003-1202-5689
* Corresponding author. Cumming School of Medicine, University of Calgary, CAREX Canada, University of British Columbia, BC Cancer and BC CDC, 655 W 12th Ave,

Vancouver, BC, V5Z4R4, Canada.
E-mail addresses: Cheryl.peters@ucalgary.ca; cheryl.peters1@bccdc.ca (C.E. Peters).

Contents lists available at ScienceDirect

Safety and Health at Work

journal homepage: www.e-shaw.net

2093-7911/$ e see front matter � 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research Institute, Korea Occupational Safety and
Health Agency. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
https://doi.org/10.1016/j.shaw.2023.01.001

Safety and Health at Work 14 (2023) 43e49

배경  이전의 피부암 예방과 관련된 메시지는 일반 대중을 대상으로 태양 자외선(UVR) 노

출을 줄이기 위해 어떤 활동을 언제, 어떻게 해야 하는지를 강조해 왔다. 일반적인 메시지는 

모든 환경에 적용되지 않을 수 있으며, 실외 작업자와 같이 피부암에 매우 취약하거나 특수

한 집단을 보호하기 위해 맞춤화되어야 한다. 이 연구의 주요 목적은 실외 작업자와 사업주

가 태양 자외선 노출 및 자외선 관련 직업병의 위험을 줄이는 데 도움을 줄 수 있는 맞춤형

의 실용적이고, 피해를 줄일 수 있는 태양광 안전 메시지를 개발하는 것이었다.

방법  일반 대중을 위해 개발된 이전의 태양광 안전 메시지의 핵심 세트를 실외 작업자와 사

업주가 더 쉽게 적용하고 실행할 수 있도록 조정하였다. 이 연구에서는 통합 지식 번역 접근

법과 수정된 델파이 방법(설문 조사 기반 합의 프로세스 사용)을 사용하여 실외 작업자 집단

에 맞게 기존의 태양광 안전 메시지 세트를 조정하였다.

결과  맞춤형 메시지는 실외 작업자에게 실현 가능한 사항을 고려하여 제작되었으며, 특히 

실외 작업 시 피부암, 눈 손상 및 열 스트레스 예방과 관련된 주요 사실, 권장 사항 및 팁을 

사용자에게 제공한다.

결론  그 결과 도출된 맞춤형 메시지는 전문가가 승인하고 이해관계자가 워크숍을 거친 증

거 기반 메시지 집합으로, 실외 작업자가 있는 사업주를 위한 노출 관리 계획의 일부로 다양

한 작업 환경에서 사용할 수 있다.

8. 실외 작업자를 위한 맞춤형 태양광 안전 메시지
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배경

브라질에서는 1960년대부터 2017년 석면 사용이 금지될 때까지 석면을 집중적으로 사용

했다. 중피종, 석면폐증, 흉막반은 전형적인 석면 관련 질환(ARD-T)이다. ARD-T 국가 데이

터베이스를 구축하기 위해 다중 건강정보시스템(HIS)에서 1996~2017년 기간의 사망 기록

을 검색하였다.

방법

코드화된 진단(ICD-10) 및 사망 정보가 포함된 모든 국가 건강정보시스템을 확보하였다. 

30세 이상 성인의 석면 관련 질환 사망 기록(기저 또는 기여 원인)에 대한 단일 데이터베이

스를 생성하기 위해 연계 작업을 수행하였다.

결과

총 3,057건의 석면 관련 질환 사망 기록이 발견되었으며, 이 중 2,405건(76.4%)이 악성 중

피종(MM)이었다. 흉막성 중피종(1,006명, 41.8%)과 흉막외 악성 중피종(792명, 32.9%)이 

가장 많았다. 악성 중피종의 남성과 여성 비율(남녀비)은 1.4:1이었으며, 비악성 석면 관련 

질환에서 석면폐증은 3.5:1, 흉막반은 2.4:1로 남성이 여성보다 더 높은 비율을 보였다. 남성

의 연간 중피종 사망률(조사망률 1,000,000명당)은 1996년 0.98명, 2017년 2.26명으로 

131.1% 증가하였고, 여성은 1.04명, 1.25명으로 20.2% 증가하였다. 석면폐증과 흉막반에 

의한 사망은 사망자 수가 적기 때문에 결론적인 해석을 내릴 수 없었다.

결론

다중 건강정보시스템을 연계했음에도 불구하고 사망 기록에서 석면 관련 질환은 여전히 낮

은 수치를 유지하였다. 남성의 악성 중피종 사망률이 더 높았고, 급격한 증가세를 보였으며, 

비악성 석면 관련 질환과 함께 높은 남녀 비율은 업무 관련 노출이 주된 양상임을 시사한다. 

최근 브라질의 석면 사용 금지 조치가 도입됨에 따라 작업장 및 환경 석면 노출에 대한 모니

터링과 직업성 질환 감시체계가 개선되어야 할 것이다.

9. 다중 건강정보시스템을 사용한 브라질의 석면 관련 질환
   사망률 분석, 1996-2017년
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배경

장시간 노동 및 교대 근무와 대사증후군의 관련성에 대한 역학적 증거는 아직 불충분한 실

정이다. 이 연구에서 근무 시간 단축이 대사증후군에 미치는 영향을 평가하고자 하였다.

방법

한 제조기업의 남성 생산직 노동자(371명)를 대상으로 하루 노동시간을 10시간에서 8시간

으로 단축하는 정책을 도입하기 전과 후의 대사증후군 유병률을 비교하였다. 대사증후군 항

목은 개입 전, 개입 후 6~9개월, 개입 후 1.5~2년 후 정기 건강검진에서 측정하였다. 대사증

후군 유병률의 변화를 추정하기 위해 일반화 추정 방정식 모델을 사용하였다. 분석은 비교

대 노동자와 교대 노동자로 층화하여 수행하였다.

결과

비교대 노동자의 경우 개입 6~9개월 후 대사증후군 유병률이 유의하게 감소하였지만(비교

위험도 = 0.68, 95% 신뢰구간 0.52–0.88), 1.5~2년 후에는 그 차이가 사라졌다. 교대 근무

자는 개입 후 전체 추적 기간에 대사증후군 유병률이 감소한 것으로 나타났지만 통계적 유

의성은 없었다.

결론

노동시간 단축 이후 남성 생산직 노동자의 대사증후군은 단기적으로 개선되었다.

10.  노동시간 단축 및 야간 근무 단축이 대사증후군에 미치는 영향: 
준실험 연구
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배경 

용접재료 제조 과정 중 열처리 시 발생하는 공기 중 유해인자에 대한 정보는 거의 없다. 이 

연구는 지역 샘플링을 통하여 용접재료 제조 시 발생하는 공기 중 유해인자를 평가하는 것

이다.

방법 

공기 중 입자 농도는 휴대용 나노입자 입경분포측정기(scanning mobility particle sizer, 

SMPS)와 광학 입자측정기(optical particle sizer, OPS)를 사용하여 측정되었다. 총 분진과 

호흡성 분진은 폴리염화비닐 필터를 사용하여 포집하였으며, 질량농도를 위해 무게를 측정

하였다. 휘발성 유기화합물과 중금속은 각각 가스크로마토그래피-질량분석기와 유도결합

플라스마-질량분석기를 사용하여 분석하였다. 

결과 

총 분진의 평균 질량농도는 683.1 ± 677.4 μg/m3였으며, 호흡성 분진이 총 분진의 38.6%

를 차지하였다. 직경이 10 μm 미만인 공기 중 입자의 평균농도는 11.2~22.8 × 104 

particles/cm3였고, 직경이 10~100 nm인 입자의 평균 수농도는 전체 측정입자(< 10 μm)

의 약 78~86%로 나타났다. 휘발성 유기화합물의 경우, 열처리 공정 중 냉각 때보다 연소 

시에 유의하게 높았다(p < 0.05). 공기 중 중금속 농도는 열처리에 사용되는 물질에 따라 

다른 모습을 보였다. 공기 중 입자에서 중금속의 함량은 약 32.6%로 나타났다.

결론 

나노입자 노출은 열처리 공정 주변의 공기 중 입자 수가 증가할수록 증가하였으며, 열처리 

공정 후 발생하는 먼지 중 중금속의 비율이 높아 작업자의 건강에 악영향을 미칠 수 있다.

11.  용접재료 제조 사업장 내 열처리 공정에서 발생하는 공기 중 
유해인자 모니터링 및 평가
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배경  이 연구에서는 고압복강항암화학요법 시술 시 의료진이 공기나 표면에서 노출될 수 

있는 독소루비신의 직업적 노출 수준을 평가하였다.

방법  동물 모델(돼지 7마리)에 요법을 시술하는 동안 수술실 내부 공기와 주변 표면을 대

상으로 측정하였다. 시술은 1마리씩 수행되었으며, 평균 시술 시간은 44분이었다. 표면 시

료(51개)는 시술 장치를 비롯한 주변 물체, 의료진 보호구에서 포집하였다. 또한, 공기 중 시

료는 시술을 집도하는 의료진 3곳의 주위에서 포집하였다(39개). 모든 시료의 기기 분석은 

LC-MS로 진행하였다.

결과  표면 시료 중 5개의 시료에서 독소루비신이 검출되었다(9.8%). 항암제의 분사를 

위해 복강 내부로 삽입되어 에어로졸에 직접 노출된 장치였다. 그중 복강경 카메라에서 

0.48~5.44 ng/cm2 수준이었으며, 분사 노즐의 삽입을 위한 트로카에서는 0.98 ng/cm2

인 것으로 나타났다. 항암제 시린지를 연결해 주는 연결부에서 항암제가 누설되는 경우에 

181.07 ng/cm2로 가장 높았다. 집도의의 장갑과 신발 및 기타 주변 물체(시술대, 수술대 전

등, 출입문, 트로카 지지대)에서도 검출되지 않았다. 의료진(집도의, 마취의, 간호사)이 시술

을 진행하는 위치에서 포집한 공기 시료에서도 모두 검출되지 않았다.

결론  시술 시에 공기와 표면 시료의 대부분에서는 검출되지 않거나 저농도인 것으로 나타

났다. 하지만 누설을 통한 피부 노출과 같은 잠재 위험이 존재할 수 있다. 따라서 이러한 안

전사고를 예방하기 위한 안전 작업 절차를 수립하여 대비해야 하며, 시술에 관련된 소모품은 

가급적 일회용품을 사용하고, 즉시 폐기를 하여 노출이 발생할 가능성을 최소화해야 한다.

12.  독소루비신을 사용한 고압복강항암화학요법 시술 시의 직업적 
노출 평가
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배경

이 연구는 소방공무원의 트라우마 노출과 자살 생각 간의 관련성을 분석하고, 트라우마 노

출과 자살 생각 간의 관계에서 근무환경 분위기의 조절 효과를 확인하기 위해 수행되었다. 

방법

FRESH 연구에 참여한 소방공무원 전수를 대상으로 온라인 설문조사를 시행하였고, 설문 

응답을 완수한 총 15,104명을 최종 분석하였다. 통계분석은 업무수행 시 경험한 트라우마의 

노출과 자살 생각 간의 관련성 및 근무환경 분위기의 조절 효과를 분석하기 위해서 포아송 

회귀분석을 시행하였다.

결과

분석 결과, 분석대상자 중 389명(2.6%)이 자살 생각을 경험한 적이 있다고 응답하였다. 포

아송 회귀분석 결과, 업무수행 시 트라우마의 노출 강도가 높을수록(aRR: 1.076, 95% CI: 

1.051–1.103), 근무환경 분위기가 부정적일수록(aRR: 0.772, 95% CI: 0.739–0.806) 자살 

생각의 가능성이 유의하게 높았다. 근무환경 분위기가 트라우마 노출과 자살 생각 간에 미

치는 조절 효과 역시 유의한 것으로 확인되었다(aRR: 1.016, 95% CI: 1.009–1.023).

결론

이 연구는 소방공무원의 업무수행과정에서 경험하는 트라우마 노출이 자살 생각의 위험도

를 증가시키고, 우호적인 근무환경은 자살 생각의 위험도를 낮춘다는 것을 시사한다. 아울

러, 우호적인 근무환경 분위기는 트라우마 노출 강도를 완화하는 역할을 한다는 점을 확인

시켜 주었다. 향후 우호적인 근무환경 분위기를 정착시킬 수 있는 개입 연구의 필요성이 요

청된다.

13.  소방공무원의 트라우마 노출과 자살 생각 간의 관련성: 
근무환경 분위기의 조절 효과를 중심으로

Original article

Trauma Exposure and Suicidal Ideation among Korean Male
Firefighters: Examining the Moderating Roles of Organizational
Climate

Chi-Yun Back 1, Dae-Sung Hyun 2, Sei-Jin Chang 3, Da-Yee Jeung 4,*

1Department of Preventive Medicine, Wonju College of Medicine, Yonsei University, Wonju, Republic of Korea
2Department of Non-benefits Management, National Health Insurance Service, Wonju 26424, Republic of Korea
3Department of Preventive Medicine and Institute of Occupational & Environmental Medicine, Wonju College of Medicine, Yonsei University, Wonju,
Republic of Korea
4Department of Dental Hygiene, Hanyang Women’s University, Seoul, Republic of Korea

a r t i c l e i n f o

Article history:
Received 14 November 2022
Received in revised form
21 November 2022
Accepted 23 November 2022
Available online 29 November 2022

Keywords:
firefighters
organizational climate
suicidal ideation
trauma exposure

a b s t r a c t

Background: This study investigated the relationship between trauma exposure and suicidal ideation.
Moreover, this study examines the moderating roles of organizational climate on the association be-
tween trauma exposure and suicidal ideation in Korean male firefighters.
Methods: A total of 15,104 male firefighters who completed a questionnaire were analyzed. The data
were obtained using an online self-administered questionnaire from the Firefighter Research on
Enhancement of Safety and Health Study. Poisson regression analysis was performed to determine the
effects of trauma exposure on suicidal ideation and the moderating effect of organizational climate.
Results: The results showed that 389 firefighters (2.6%) responded that they had experienced suicidal
ideation. In the final model, trauma exposurewas positively related to suicidal ideation (adjusted risk ratio
[aRR], 1.076; 95% confidence interval [CI]: 1.051e1.103), and organizational climate was negatively asso-
ciated with suicidal ideation (aRR, 0.772; 95% CI: 0.739e0.806). Additionally, the interaction term (trauma
exposure � organizational climate) was related to suicidal ideation (aRR, 1.016; 95% CI: 1.009e1.023).
Conclusions: This study suggests that trauma exposure might play a significant role in developing sui-
cidal ideation and that positive organizational climate moderates the negative effects of trauma exposure
on suicidal ideation among firefighters. It is necessary to perform a follow-up study of various inter-
vention strategies to maintain a healthy organizational climate or work environment. Such interventions
should promote lasting trust within teams, provide social support and belonging, and nurture job value.
� 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research

Institute, Korea Occupational Safety and Health Agency. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Firefighters are exposed to various types of occupational stress.
They are the first responders to disasters and safety incidents,
perform various tasks on the front lines of the disaster, and play an
essential role in protecting the lives and property of individuals
through fire suppression, rescue, and emergency medical services
[1]. Previous research has shown that 84.3% of firefighters are
exposed to traumatic events such as life-threatening situations or
fear of injury. They oftenmust recover the bodies of disaster victims

or witness the death of an accident victim or colleague. 5.8% of
firefighters reported that they were dispatched several times a day
to the scene of such an incident, and 8.4% had experienced a horrific
situation more than once a month at a dispatch scene [2].

Firefighters’ prolonged emergency duties and hazardous work-
ing environments may increase their risk of physical health prob-
lems [3e6]. Recently, psychosocial stress has been considered a risk
factor for health problems among firefighters. For example, Igboa-
nugo et al. [7] reported that firefighters’ psychosocial stressors,
including interpersonal conflict and concerns over organizational
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a b s t r a c t

Background: In the event of an industrial accident, the appropriate choice of hospital is important for
worker health and prognosis. This study investigates whether the choice of hospital by the employer in
the case of industrial accidents affects the prognosis of injured employees.
Methods: Data from the 2018 Panel Study of Workers’ Compensation Insurance in Korea were used in an
unmatched case-controlled study. The exposure variable is “hospital selection by an employer,” and the
outcome variable is ‘worker’s disability.” Odds ratios (ORs) were estimated by modified Poisson
regression and adjusted for age, gender, underlying disease, injury severity, and workplace size and
stratified by industrial classification. The group at increased risk was analyzed and stratified by age,
gender, and area.
Results: In the construction industry, hospital selection by the employer was significantly associated
with increased risk of disability (adjusted OR 1.26; 95% confidence interval [CI]: 1.20e1.32) and severe
disability (adjusted OR 1.38; 95% CI: 1.08e1.76) among the injured. Female and younger workers not
living in the Seoul capital area were more at risk of disability and severe disability than those living in the
Seoul capital area.
Conclusions: Hospital selection by employers affects the prognosis of workers injured in an industrial
accident. For protecting workers’ health and safety, workplace emergency medical systems should be
improved, and the selection of appropriate hospitals to supply treatment should be reviewed.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

In the event of an accident, an appropriate hospital for first aid
or more extensive treatments is critical to patient prognosis [1,2].
Emergency medical systems, including the selection of an appro-
priate hospital according to the status of the injury observed in the
prehospital setting, should bemanaged nationally [2,3]. Emergency
delivery medical systems are important inworkplaces [4,5]. Korean
workplaces are required to have an emergency medical system that
provides first aid treatment, training, and division of work in
accordance with the Regulations on Industrial Safety Standards of
the Industrial Safety and Health Act [6]. Regulations governing safety
and health management organizations and disaster prevention
specialist guidance organizations stipulate that a health

management organization, in consultation with the employer,
should establish a cooperative emergency medical system with a
nearby medical institution to perform duties under Article 17 (1)7.
The organizations are required to review the company-designated
hospital in the workplace management system.

Concerns have been raised that allowing employers to choose
the hospital can benefit the employer rather than prioritize the
treatment of the patient [7e10]. According to a news report,
workers injured on the job were encouraged not to apply for in-
dustrial accident insurance compensation but to seek compensa-
tion directly from the company [10]. In one serious case, a company
forced an injured worker to use a distant company-designated or-
thopedic hospital, which was unable to treat the worker, who was
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배경

노동자에게 산업재해가 발생할 경우 노동자의 치료와 좋은 예후를 위해 적절한 병원을 선택

하는 것이 중요하다. 이 연구는 산업재해 발생 시 사업주의 병원 선택이 산업재해로 부상한 

노동자의 장애에 영향을 미치는지를 조사하였다. 

방법 

2018년 한국 노동자 산업재해보험패널 연구 자료를 사용하여 비짝짓기 환자대조군 연구를 

수행하였다. 노출 변수는 “사업주에 의한 병원 선택 유무”이고, 결과 변수는 “노동자의 장애”

이다. 연령, 성별, 기저 질환, 부상 심각도, 사업장 규모를 보정하고, 산업별로 층화하여 수정 

포아송 회귀분석을 이용하여 오즈비(OR)를 구하였다. 또한 지역, 성별, 연령을 층화한 분석

도 실시하였다. 

결과

건설업에서 사업주의 병원 선택은 산업재해 노동자의 장애 위험(adjusted OR 1.26; 95% 

신뢰구간[CI]: 1.20–1.32)과 중증 장애 위험(adjusted OR 1.38; 95% CI: 1.08–1.76)을 증가

시켰다. 수도권에 거주하지 않는 여성 및 젊은 노동자에서 사업주에 의해 병원 선택이 이루
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결론
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14. 업무상 재해에서 사업주에 의한 병원 선택과 장애의 관계

Original Article

The Relationship between Hospital Selection by Employer and
Disabilities in Occupational Accidents in Korea

Joonho Ahn 1, Min Jang 2, Hyoungseob Yoo 1, Hyoung-Ryoul Kim 1,*

1Department of Occupational and Environmental Medicine, Seoul St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, Republic
of Korea
2Department of Emergency Medicine, Hankook General Hospital, Jeju-do, Republic of Korea

a r t i c l e i n f o

Article history:
Received 17 November 2021
Received in revised form
21 March 2022
Accepted 29 March 2022
Available online 11 April 2022

Keywords:
Accidents
Case-control studies
Construction industry
Disabled persons
Hospitals

a b s t r a c t

Background: In the event of an industrial accident, the appropriate choice of hospital is important for
worker health and prognosis. This study investigates whether the choice of hospital by the employer in
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unmatched case-controlled study. The exposure variable is “hospital selection by an employer,” and the
outcome variable is ‘worker’s disability.” Odds ratios (ORs) were estimated by modified Poisson
regression and adjusted for age, gender, underlying disease, injury severity, and workplace size and
stratified by industrial classification. The group at increased risk was analyzed and stratified by age,
gender, and area.
Results: In the construction industry, hospital selection by the employer was significantly associated
with increased risk of disability (adjusted OR 1.26; 95% confidence interval [CI]: 1.20e1.32) and severe
disability (adjusted OR 1.38; 95% CI: 1.08e1.76) among the injured. Female and younger workers not
living in the Seoul capital area were more at risk of disability and severe disability than those living in the
Seoul capital area.
Conclusions: Hospital selection by employers affects the prognosis of workers injured in an industrial
accident. For protecting workers’ health and safety, workplace emergency medical systems should be
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1. Introduction

In the event of an accident, an appropriate hospital for first aid
or more extensive treatments is critical to patient prognosis [1,2].
Emergency medical systems, including the selection of an appro-
priate hospital according to the status of the injury observed in the
prehospital setting, should bemanaged nationally [2,3]. Emergency
delivery medical systems are important inworkplaces [4,5]. Korean
workplaces are required to have an emergency medical system that
provides first aid treatment, training, and division of work in
accordance with the Regulations on Industrial Safety Standards of
the Industrial Safety and Health Act [6]. Regulations governing safety
and health management organizations and disaster prevention
specialist guidance organizations stipulate that a health

management organization, in consultation with the employer,
should establish a cooperative emergency medical system with a
nearby medical institution to perform duties under Article 17 (1)7.
The organizations are required to review the company-designated
hospital in the workplace management system.

Concerns have been raised that allowing employers to choose
the hospital can benefit the employer rather than prioritize the
treatment of the patient [7e10]. According to a news report,
workers injured on the job were encouraged not to apply for in-
dustrial accident insurance compensation but to seek compensa-
tion directly from the company [10]. In one serious case, a company
forced an injured worker to use a distant company-designated or-
thopedic hospital, which was unable to treat the worker, who was
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Background: The death rate of workers due to industrial accidents in South Korea (3.61 persons in 2017)
is higher than the Organization for Economic Cooperation and Development average (2.43) and the fifth
highest among Organization for Economic Cooperation and Development member countries. Although
the pandemic of novel coronavirus (COVID-19) has changed, the socioeconomic aspects of Korean society,
the number of Koreans suffering accidents and the number of deaths in 2020 have increased. It is
necessary to take measures to prevent accidents and make comprehensive efforts to return to work. This
study proposes research questions about the effect of workers’ positive perception on whether to work
after accidents and the impact of the experience of rehabilitation services on the return to work.
Methods: This research performed a panel logistic regression analysis using data on workers’
compensation insurance in Korea for two years (2018e2019).
Results: This research finds that workers’ positive perceptions of workability and life satisfaction
contributed affirmatively to their re-employment. Several factors related to employment (e.g., work
period, the number of job qualifications) also positively affect their return to work. However, the
experience of rehabilitation services did not have a significant effect on re-employment. The variables of
their health conditions (e.g., disability grade, feelings of health problems, age) negatively influenced their
return to jobs.
Conclusion: These results suggest the importance of workers’ mental recovery and the need to innovate
rehabilitation services for their employment. Positive thinking and self-rehabilitation could be critical for
workers, parallel with social welfare policies.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an
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1. Introduction

1.1. Research backgrounds

South Korea has encountered a sequel of the pandemic of the
novel coronavirus (COVID-19) and a university student’s tragic
death due to industrial accidents in Pyeongtaek Port (occurring on
April 22, 2021) [1,2]. Korea’s fatalities by accidents per 100,000
industrial workers (3.61 people) were higher than the average of 35
Organization for Economic Cooperation and Development (OECD)
member countries (2.43 people), ranking fifth highest among OECD
members in 2017 [3]. Concurrently, the number of deaths from
accidents in the construction industry was 506 (52.5% of all in-
dustries), the second-highest among OECD members; this

mortality was twice the average of OECD members (24.6%) [3]. In
2020, the number of deaths due to industrial accidents in Koreawas
882, which increased despite the outbreak of the novel coronavirus
(Fig. 1).

Fatalities occurred in the construction and manufacturing in-
dustries, and the casualties occurred in medium-sized businesses
(5e49 people) or small (less than five people) enterprises
comprising the majority of the statistics. This situation in which
many accidents occur in specific industries and workplaces could
require appropriate policies for workers’ return to work, and
fundamental efforts need to be made to prevent industrial
accidents.

Considering the implication (Fig. 1) that the occurrence of in-
dustrial accidents is higher than expected, it could be critical for
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necessary to take measures to prevent accidents and make comprehensive efforts to return to work. This
study proposes research questions about the effect of workers’ positive perception on whether to work
after accidents and the impact of the experience of rehabilitation services on the return to work.
Methods: This research performed a panel logistic regression analysis using data on workers’
compensation insurance in Korea for two years (2018e2019).
Results: This research finds that workers’ positive perceptions of workability and life satisfaction
contributed affirmatively to their re-employment. Several factors related to employment (e.g., work
period, the number of job qualifications) also positively affect their return to work. However, the
experience of rehabilitation services did not have a significant effect on re-employment. The variables of
their health conditions (e.g., disability grade, feelings of health problems, age) negatively influenced their
return to jobs.
Conclusion: These results suggest the importance of workers’ mental recovery and the need to innovate
rehabilitation services for their employment. Positive thinking and self-rehabilitation could be critical for
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necessary to take measures to prevent accidents and make comprehensive efforts to return to work. This
study proposes research questions about the effect of workers’ positive perception on whether to work
after accidents and the impact of the experience of rehabilitation services on the return to work.
Methods: This research performed a panel logistic regression analysis using data on workers’
compensation insurance in Korea for two years (2018e2019).
Results: This research finds that workers’ positive perceptions of workability and life satisfaction
contributed affirmatively to their re-employment. Several factors related to employment (e.g., work
period, the number of job qualifications) also positively affect their return to work. However, the
experience of rehabilitation services did not have a significant effect on re-employment. The variables of
their health conditions (e.g., disability grade, feelings of health problems, age) negatively influenced their
return to jobs.
Conclusion: These results suggest the importance of workers’ mental recovery and the need to innovate
rehabilitation services for their employment. Positive thinking and self-rehabilitation could be critical for
workers, parallel with social welfare policies.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction
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Organization for Economic Cooperation and Development (OECD)
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dustries), the second-highest among OECD members; this

mortality was twice the average of OECD members (24.6%) [3]. In
2020, the number of deaths due to industrial accidents in Koreawas
882, which increased despite the outbreak of the novel coronavirus
(Fig. 1).
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배경  COVID-19의 초기 유행에서 중소기업은 감염 전파를 막기 위해 고려해야 할 중요한 

요소 중 하나였다. 이 연구는 COVID-19 초기 유행에서 대구 및 경상북도 지역의 중소기업

에서 COVID-19 예방 조치의 현황을 파악하고, 중소기업의 규모, 과거 경험 등의 요인들이 

해당 지역에서 시행되는 예방 조치에 영향을 미쳤는지 확인하기 위해 수행되었다. 

방법  대구광역시 및 경상북도 내 122개 중소기업을 대상으로 일반적 특성 및 12가지 예방 

활동의 시행 상황에 대한 조사를 수행하였다. 조사 결과는 기업 규모 및 운영 기간에 따라 

분석하였다. 

결과  대상 사업장은 고용된 노동자 수를 기준으로 한 규모별로, 노동자 1~5명 53개소

(43.4%), 6~30명 50개소(40.9%), 31~49명 19개소(15.6%)로 구성되었다. 조사된 항목 중 

이행률이 가장 낮은 세 조치는 ‘증상이 있는 노동자는 3~4일간 가정에서 휴식하기’(17.2%), 

‘원격 근무’(18.9%), 그리고 ‘온라인 회의’(20.5%)였다. 각 예방 조치의 시행 비율에는 유의

한 차이가 있었다. 기업 규모가 클수록 예방 조치의 시행 횟수는 증가하는 경향을 보였다 

(p < 0.01). 사업장의 운영 기간은 예방 조치 시행과의 유의한 관계를 나타내지 않았다. 이

는 교란변수를 보정한 다변수 분석에서도 동일한 패턴으로 나타났다.

결론  50명 미만 규모의 중소기업 내에서의 예방 조치 현황을 확인하였으며, 중소기업 내에

서도 규모에 따른 예방 조치 이행률의 차이가 있다는 것이 확인되었다. 감염 확산을 예방하

고 노동자의 건강권을 보호하기 위해서는 중소기업의 규모를 포함한 특성에 따른 다양한 지

원 정책이 필요하다.
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a b s t r a c t

Background: In the early stage of the coronavirus disease 2019 (COVID-19) epidemic, small- and mid-
sized enterprises (SMEs) may be an important transmission consideration. The study aimed to identify
the pattern of COVID-19 prevention measures during the outbreaks in Daegu and Gyeongsangbuk-do at
the early stage of COVID-19. Moreover, we investigated whether SME size and past experiences affected
the preventive measures implemented in the region.
Methods: A survey detailing the general characteristics and implementation of 12 preventive
activities was conducted in 122 SMEs in Daegu and Gyeongsangbuk-do. The survey was analyzed by size
and operation period.
Results: The study subjects consisted of 53 (43.4%) workplaces with 1e5 employees, 50 (40.9%) work-
places with 6e30 employees, and 19 (15.6%) workplaces with 31e49 employees. The lowest three items
among those surveyed were ‘symptomatic workers to stay home for 3e4 days’ (17.2%), ‘work remotely’
(18.9%), and ‘video meetings’ (20.5%). There were significant differences in the rate of several preventive
measures implemented. The larger sized SMEs, the higher the number of implementations (p < 0.01).
The operation period had no significant relationship with the implementation of preventive measures.
The same pattern was observed in multiple generalized linear regression with covariate adjustment.
Conclusion: Preventive measures among SMEs with fewer than 50 employees were identified. Even
within SMEs, a gap in preventive measures according to size was confirmed. To prevent the spread of
infection and protect workers’ right to health, different support for different sized SMEs is necessary.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The coronavirus disease 2019 (COVID-19) epidemic, which
started in China in 2019, spread to the Republic of Korea in early
2020 [1]. In the Republic of Korea, COVID-19 infections transmitted
from foreigners occurred sporadically in the early stages of COVID-
19. In early February 2019, before social quarantine guidelines were
established, the first epidemic in the Republic of Korea occurred in
Daegu and Gyeongsangbuk-do due to the large-group gatherings

and community living of a religious group called “Shincheonji” [2].
Since then, the number of patients with COVID-19 has continued to
increase and decrease over time. As the COVID-19 epidemic
continued, the Korean government has been conducting various
quarantine and epidemiological investigations through in-
stitutions, such as the Korea Centers for Disease Control and Pre-
vention and has made available various guidelines for the
implementation of infection preventive measures in private com-
panies and among individuals [3e5].
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Background: In the early stage of the coronavirus disease 2019 (COVID-19) epidemic, small- and mid-
sized enterprises (SMEs) may be an important transmission consideration. The study aimed to identify
the pattern of COVID-19 prevention measures during the outbreaks in Daegu and Gyeongsangbuk-do at
the early stage of COVID-19. Moreover, we investigated whether SME size and past experiences affected
the preventive measures implemented in the region.
Methods: A survey detailing the general characteristics and implementation of 12 preventive
activities was conducted in 122 SMEs in Daegu and Gyeongsangbuk-do. The survey was analyzed by size
and operation period.
Results: The study subjects consisted of 53 (43.4%) workplaces with 1e5 employees, 50 (40.9%) work-
places with 6e30 employees, and 19 (15.6%) workplaces with 31e49 employees. The lowest three items
among those surveyed were ‘symptomatic workers to stay home for 3e4 days’ (17.2%), ‘work remotely’
(18.9%), and ‘video meetings’ (20.5%). There were significant differences in the rate of several preventive
measures implemented. The larger sized SMEs, the higher the number of implementations (p < 0.01).
The operation period had no significant relationship with the implementation of preventive measures.
The same pattern was observed in multiple generalized linear regression with covariate adjustment.
Conclusion: Preventive measures among SMEs with fewer than 50 employees were identified. Even
within SMEs, a gap in preventive measures according to size was confirmed. To prevent the spread of
infection and protect workers’ right to health, different support for different sized SMEs is necessary.
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open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The coronavirus disease 2019 (COVID-19) epidemic, which
started in China in 2019, spread to the Republic of Korea in early
2020 [1]. In the Republic of Korea, COVID-19 infections transmitted
from foreigners occurred sporadically in the early stages of COVID-
19. In early February 2019, before social quarantine guidelines were
established, the first epidemic in the Republic of Korea occurred in
Daegu and Gyeongsangbuk-do due to the large-group gatherings

and community living of a religious group called “Shincheonji” [2].
Since then, the number of patients with COVID-19 has continued to
increase and decrease over time. As the COVID-19 epidemic
continued, the Korean government has been conducting various
quarantine and epidemiological investigations through in-
stitutions, such as the Korea Centers for Disease Control and Pre-
vention and has made available various guidelines for the
implementation of infection preventive measures in private com-
panies and among individuals [3e5].

Kiook Baek: https://orcid.org/0000-0003-2822-8480; Seong-Hui Kim: https://orcid.org/0000-0003-2136-2978; Chulyong Park: https://orcid.org/0000-0001-8584-5376;
Joon Sakong: https://orcid.org/0000-0003-3623-7619

Abbreviations: SMEs, Small- and Mid-sized Enterprises; COVID-19, Coronavirus disease 2019; MERS, Middle East Respiratory Syndrome; ANOVA, Analysis of Variance.
* Corresponding author. Department of Preventive Medicine and Public Health, College of Medicine, Yeungnam University, 170 Hyeonchung-ro, Nam-gu, Daegu 42415,

Republic of Korea.
E-mail address: jjsakong@gmail.com (J. Sakong).

Contents lists available at ScienceDirect

Safety and Health at Work

journal homepage: www.e-shaw.net

2093-7911/$ e see front matter � 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
https://doi.org/10.1016/j.shaw.2022.06.001

Safety and Health at Work 13 (2022) 294e301

Original article

Preventive Measures Against COVID-19 in Small- and Mid-sized
Enterprises from an Early Stage of the Epidemic in Daegu and
Gyeongsangbuk-do

Kiook Baek 1, Seong-Hui Kim 2, Chulyong Park 1, Joon Sakong 1,3,*

1Department of Occupational and Environmental Medicine, Yeungnam University Hospital, Daegu, Republic of Korea
2Korean Association of Occupational Health Nurse, Daegu Health and Safety Center, Daegu, Republic of Korea
3Department of Preventive Medicine and Public Health, Collage of Medicine, Yeungnam University, Daegu, Republic of Korea

a r t i c l e i n f o

Article history:
Received 3 March 2022
Received in revised form
19 May 2022
Accepted 8 June 2022
Available online 13 June 2022

Keywords:
COVID-19
Epidemic
Preventive measures
Small- and medium-sized enterprises

a b s t r a c t

Background: In the early stage of the coronavirus disease 2019 (COVID-19) epidemic, small- and mid-
sized enterprises (SMEs) may be an important transmission consideration. The study aimed to identify
the pattern of COVID-19 prevention measures during the outbreaks in Daegu and Gyeongsangbuk-do at
the early stage of COVID-19. Moreover, we investigated whether SME size and past experiences affected
the preventive measures implemented in the region.
Methods: A survey detailing the general characteristics and implementation of 12 preventive
activities was conducted in 122 SMEs in Daegu and Gyeongsangbuk-do. The survey was analyzed by size
and operation period.
Results: The study subjects consisted of 53 (43.4%) workplaces with 1e5 employees, 50 (40.9%) work-
places with 6e30 employees, and 19 (15.6%) workplaces with 31e49 employees. The lowest three items
among those surveyed were ‘symptomatic workers to stay home for 3e4 days’ (17.2%), ‘work remotely’
(18.9%), and ‘video meetings’ (20.5%). There were significant differences in the rate of several preventive
measures implemented. The larger sized SMEs, the higher the number of implementations (p < 0.01).
The operation period had no significant relationship with the implementation of preventive measures.
The same pattern was observed in multiple generalized linear regression with covariate adjustment.
Conclusion: Preventive measures among SMEs with fewer than 50 employees were identified. Even
within SMEs, a gap in preventive measures according to size was confirmed. To prevent the spread of
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Background: In the early stage of the coronavirus disease 2019 (COVID-19) epidemic, small- and mid-
sized enterprises (SMEs) may be an important transmission consideration. The study aimed to identify
the pattern of COVID-19 prevention measures during the outbreaks in Daegu and Gyeongsangbuk-do at
the early stage of COVID-19. Moreover, we investigated whether SME size and past experiences affected
the preventive measures implemented in the region.
Methods: A survey detailing the general characteristics and implementation of 12 preventive
activities was conducted in 122 SMEs in Daegu and Gyeongsangbuk-do. The survey was analyzed by size
and operation period.
Results: The study subjects consisted of 53 (43.4%) workplaces with 1e5 employees, 50 (40.9%) work-
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(18.9%), and ‘video meetings’ (20.5%). There were significant differences in the rate of several preventive
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The same pattern was observed in multiple generalized linear regression with covariate adjustment.
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within SMEs, a gap in preventive measures according to size was confirmed. To prevent the spread of
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sized enterprises (SMEs) may be an important transmission consideration. The study aimed to identify
the pattern of COVID-19 prevention measures during the outbreaks in Daegu and Gyeongsangbuk-do at
the early stage of COVID-19. Moreover, we investigated whether SME size and past experiences affected
the preventive measures implemented in the region.
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a b s t r a c t

Background: In the early stage of the coronavirus disease 2019 (COVID-19) epidemic, small- and mid-
sized enterprises (SMEs) may be an important transmission consideration. The study aimed to identify
the pattern of COVID-19 prevention measures during the outbreaks in Daegu and Gyeongsangbuk-do at
the early stage of COVID-19. Moreover, we investigated whether SME size and past experiences affected
the preventive measures implemented in the region.
Methods: A survey detailing the general characteristics and implementation of 12 preventive
activities was conducted in 122 SMEs in Daegu and Gyeongsangbuk-do. The survey was analyzed by size
and operation period.
Results: The study subjects consisted of 53 (43.4%) workplaces with 1e5 employees, 50 (40.9%) work-
places with 6e30 employees, and 19 (15.6%) workplaces with 31e49 employees. The lowest three items
among those surveyed were ‘symptomatic workers to stay home for 3e4 days’ (17.2%), ‘work remotely’
(18.9%), and ‘video meetings’ (20.5%). There were significant differences in the rate of several preventive
measures implemented. The larger sized SMEs, the higher the number of implementations (p < 0.01).
The operation period had no significant relationship with the implementation of preventive measures.
The same pattern was observed in multiple generalized linear regression with covariate adjustment.
Conclusion: Preventive measures among SMEs with fewer than 50 employees were identified. Even
within SMEs, a gap in preventive measures according to size was confirmed. To prevent the spread of
infection and protect workers’ right to health, different support for different sized SMEs is necessary.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an
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a b s t r a c t

Background: This study aimed to estimate the annual prevalence and incidence of urolithiasis stratified
by work status based on a large nationwide sample.
Methods: This study used data from the National Health Insurance Service-National Sample Cohort from
2002 to 2015. The prevalence and incidence of urolithiasis were estimated based on work status and
gender stratification. The risk of urolithiasis among workers was calculated using age-standardized
incidence ratio with stratification of work type.
Results: The prevalence of urolithiasis was significantly higher in workers than in non-workers, espe-
cially men, during the follow-up period. The total estimated number of urolithiasis cases was 41,086 and
the overall incidence of urolithiasis was 0.3%. The age-standardized incidence ratio of urolithiasis was
significantly higher among the total workers (1.14; 95% confidence interval, 1.13e1.16), self-employed
workers (1.08; 95% confidence interval, 1.06e1.11), and paid workers (1.19; 95% confidence interval,
1.17e1.21) than among the non-working population.
Conclusions: Workers, especially paid workers and men, were vulnerable to urolithiasis. Further studies
are required to investigate the effects of working conditions on urolithiasis.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Urolithiasis (ULT), also known as nephrolithiasis or kidney stone
disease, is a heterogeneous disorder with varying physiochemical
backgrounds among patients [1]. It is the most common disease of
the urinary tract [2]. Kidney stones are a major source of morbidity,
accounting for >2 billion dollars spent on treatment each year [3].
ULT is associated with an increased risk of myocardial infarction [4],
depression [5], elevated stress levels [6], chronic kidney disease,
hypertension, diabetes [7], and end-stage renal disease [8]. The
symptoms of ULT include hematuria, flank pain, renal colic, urinary
tract infections, nausea, and vomiting. Thus, ULT has a negative
impact on a patient’s quality of life.

The known risk factors for ULT are male sex [9], hyper-
insulinemia due to obesity [10], renal cystic disease [11], dietary
habits [12], and certain working conditions [13]. The risk of ULT

development varies among different study groups, and much of
this variation is likely due to geographic, racial, and socioeconomic
differences [14]. In previous studies, the overall probability of kid-
ney stone development ranged from 1% to 5% in Asia, 5% to 9% in
Europe, 13% in North America, and 20% in Saudi Arabia [15]. How-
ever, only a few epidemiological studies on ULT have been con-
ducted in Asian populations. Although working conditions are
likely to affect the prevalence and incidence of ULT [13], the impact
of working status on ULT has yet to be studied across a wide range
of ages and in large-scale groups.

In this study, we aimed to assess the prevalence and incidence of
ULT using data from the National Health Insurance Service (NHIS)
in Republic of Korea from 2002 to 2015. All Koreans are enrolled in
the NHIS database. The NHIS database covers a wide range of in-
formation, including age, sex, working condition, diagnosis, and
prescription. The wide age range, long observation period, large
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배경 

요로결석은 높은 유병률에도 불구하고 사회경제적 및 직업 특성과의 연관성에 대한 보고가 

드물었다. 이 연구를 통해 우리나라의 요로결석 현황을 보고하고, 사회경제적 및 직업 특성

에 따라 위험도를 추정하였다. 

방법 

이 연구는 2002년부터 2015년까지 국민건강보험공단-국가 표본 코호트 데이터를 사용하

였다. 요로결석의 유병률과 발생률은 근무 상태와 성별 계층화를 기반으로 추정하였다. 노

동자의 요로결석 위험은 직업 특성에 따라 계층화하여 연령 표준화 발생률을 사용하여 계산

하였다.

결과 

요로결석 유병률은 노동자 집단이 비노동자 집단보다 높았다. 총추정 요로결석 관찰 수는 

41,086건이었으며, 전체 요로결석 발생률은 0.3%였다. 요로결석의 연령 표준화 발생비는 

전체 노동자(1.14; 95% 신뢰구간, 1.13–1.16), 자영업자(1.08; 95% 신뢰구간, 1.06–1.11), 임

금 노동자(1.19; 95% 신뢰구간, 1.17–1.21)가 비노동자 집단보다 유의하게 높았다.

결론 

노동자, 특히 남성 임금 노동자는 요로결석에 취약한 것으로 나타났다. 직업 환경과 직업성 

유해인자가 요로결석에 미치는 영향을 조사하기 위해서 추가 연구가 필요하다.

17. 사회경제적 및 직업 특성에 따른 요로결석 현황 연구

Original article

Epidemiology of Urolithiasis with Sex and Working Status
Stratification Based on the National Representative Cohort in Republic
of Korea

Jun Heo 1, Jeongmin Son 1, Wanhyung Lee 2,*

1College of Medicine, Gachon University, Incheon, Republic of Korea
2Department of Occupational and Environmental Medicine, Gil Medical Center, Gachon University College of Medicine, Incheon, Republic of Korea

a r t i c l e i n f o

Article history:
Received 14 February 2021
Received in revised form
8 March 2022
Accepted 17 July 2022
Available online 31 July 2022

Keywords:
Incidence
Prevalence
Republic of Korea
Urolithiasis

a b s t r a c t

Background: This study aimed to estimate the annual prevalence and incidence of urolithiasis stratified
by work status based on a large nationwide sample.
Methods: This study used data from the National Health Insurance Service-National Sample Cohort from
2002 to 2015. The prevalence and incidence of urolithiasis were estimated based on work status and
gender stratification. The risk of urolithiasis among workers was calculated using age-standardized
incidence ratio with stratification of work type.
Results: The prevalence of urolithiasis was significantly higher in workers than in non-workers, espe-
cially men, during the follow-up period. The total estimated number of urolithiasis cases was 41,086 and
the overall incidence of urolithiasis was 0.3%. The age-standardized incidence ratio of urolithiasis was
significantly higher among the total workers (1.14; 95% confidence interval, 1.13e1.16), self-employed
workers (1.08; 95% confidence interval, 1.06e1.11), and paid workers (1.19; 95% confidence interval,
1.17e1.21) than among the non-working population.
Conclusions: Workers, especially paid workers and men, were vulnerable to urolithiasis. Further studies
are required to investigate the effects of working conditions on urolithiasis.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an
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backgrounds among patients [1]. It is the most common disease of
the urinary tract [2]. Kidney stones are a major source of morbidity,
accounting for >2 billion dollars spent on treatment each year [3].
ULT is associated with an increased risk of myocardial infarction [4],
depression [5], elevated stress levels [6], chronic kidney disease,
hypertension, diabetes [7], and end-stage renal disease [8]. The
symptoms of ULT include hematuria, flank pain, renal colic, urinary
tract infections, nausea, and vomiting. Thus, ULT has a negative
impact on a patient’s quality of life.

The known risk factors for ULT are male sex [9], hyper-
insulinemia due to obesity [10], renal cystic disease [11], dietary
habits [12], and certain working conditions [13]. The risk of ULT

development varies among different study groups, and much of
this variation is likely due to geographic, racial, and socioeconomic
differences [14]. In previous studies, the overall probability of kid-
ney stone development ranged from 1% to 5% in Asia, 5% to 9% in
Europe, 13% in North America, and 20% in Saudi Arabia [15]. How-
ever, only a few epidemiological studies on ULT have been con-
ducted in Asian populations. Although working conditions are
likely to affect the prevalence and incidence of ULT [13], the impact
of working status on ULT has yet to be studied across a wide range
of ages and in large-scale groups.

In this study, we aimed to assess the prevalence and incidence of
ULT using data from the National Health Insurance Service (NHIS)
in Republic of Korea from 2002 to 2015. All Koreans are enrolled in
the NHIS database. The NHIS database covers a wide range of in-
formation, including age, sex, working condition, diagnosis, and
prescription. The wide age range, long observation period, large

Jun Heo: https://orcid.org/0000-0003-4738-2264; Jeongmin Son: https://orcid.org/0000-0001-9452-3352; Wanhyung Lee: https://orcid.org/0000-0001-6408-7668
* Corresponding author. Department of Occupational and Environmental Medicine, Gil Medical Center, Gachon University College of Medicine, 21, Namdong-daero 774,

Incheon 21565, Republic of Korea.
E-mail address: wanhyung@gmail.com (W. Lee).

Contents lists available at ScienceDirect

Safety and Health at Work

journal homepage: www.e-shaw.net

2093-7911/$ e see front matter � 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
https://doi.org/10.1016/j.shaw.2022.07.002

Safety and Health at Work 13 (2022) 482e486

Original article

Epidemiology of Urolithiasis with Sex and Working Status
Stratification Based on the National Representative Cohort in Republic
of Korea

Jun Heo 1, Jeongmin Son 1, Wanhyung Lee 2,*

1College of Medicine, Gachon University, Incheon, Republic of Korea
2Department of Occupational and Environmental Medicine, Gil Medical Center, Gachon University College of Medicine, Incheon, Republic of Korea

a r t i c l e i n f o

Article history:
Received 14 February 2021
Received in revised form
8 March 2022
Accepted 17 July 2022
Available online 31 July 2022

Keywords:
Incidence
Prevalence
Republic of Korea
Urolithiasis

a b s t r a c t

Background: This study aimed to estimate the annual prevalence and incidence of urolithiasis stratified
by work status based on a large nationwide sample.
Methods: This study used data from the National Health Insurance Service-National Sample Cohort from
2002 to 2015. The prevalence and incidence of urolithiasis were estimated based on work status and
gender stratification. The risk of urolithiasis among workers was calculated using age-standardized
incidence ratio with stratification of work type.
Results: The prevalence of urolithiasis was significantly higher in workers than in non-workers, espe-
cially men, during the follow-up period. The total estimated number of urolithiasis cases was 41,086 and
the overall incidence of urolithiasis was 0.3%. The age-standardized incidence ratio of urolithiasis was
significantly higher among the total workers (1.14; 95% confidence interval, 1.13e1.16), self-employed
workers (1.08; 95% confidence interval, 1.06e1.11), and paid workers (1.19; 95% confidence interval,
1.17e1.21) than among the non-working population.
Conclusions: Workers, especially paid workers and men, were vulnerable to urolithiasis. Further studies
are required to investigate the effects of working conditions on urolithiasis.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Urolithiasis (ULT), also known as nephrolithiasis or kidney stone
disease, is a heterogeneous disorder with varying physiochemical
backgrounds among patients [1]. It is the most common disease of
the urinary tract [2]. Kidney stones are a major source of morbidity,
accounting for >2 billion dollars spent on treatment each year [3].
ULT is associated with an increased risk of myocardial infarction [4],
depression [5], elevated stress levels [6], chronic kidney disease,
hypertension, diabetes [7], and end-stage renal disease [8]. The
symptoms of ULT include hematuria, flank pain, renal colic, urinary
tract infections, nausea, and vomiting. Thus, ULT has a negative
impact on a patient’s quality of life.

The known risk factors for ULT are male sex [9], hyper-
insulinemia due to obesity [10], renal cystic disease [11], dietary
habits [12], and certain working conditions [13]. The risk of ULT

development varies among different study groups, and much of
this variation is likely due to geographic, racial, and socioeconomic
differences [14]. In previous studies, the overall probability of kid-
ney stone development ranged from 1% to 5% in Asia, 5% to 9% in
Europe, 13% in North America, and 20% in Saudi Arabia [15]. How-
ever, only a few epidemiological studies on ULT have been con-
ducted in Asian populations. Although working conditions are
likely to affect the prevalence and incidence of ULT [13], the impact
of working status on ULT has yet to be studied across a wide range
of ages and in large-scale groups.

In this study, we aimed to assess the prevalence and incidence of
ULT using data from the National Health Insurance Service (NHIS)
in Republic of Korea from 2002 to 2015. All Koreans are enrolled in
the NHIS database. The NHIS database covers a wide range of in-
formation, including age, sex, working condition, diagnosis, and
prescription. The wide age range, long observation period, large

Jun Heo: https://orcid.org/0000-0003-4738-2264; Jeongmin Son: https://orcid.org/0000-0001-9452-3352; Wanhyung Lee: https://orcid.org/0000-0001-6408-7668
* Corresponding author. Department of Occupational and Environmental Medicine, Gil Medical Center, Gachon University College of Medicine, 21, Namdong-daero 774,

Incheon 21565, Republic of Korea.
E-mail address: wanhyung@gmail.com (W. Lee).

Contents lists available at ScienceDirect

Safety and Health at Work

journal homepage: www.e-shaw.net

2093-7911/$ e see front matter � 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
https://doi.org/10.1016/j.shaw.2022.07.002

Safety and Health at Work 13 (2022) 482e486

Original article

Epidemiology of Urolithiasis with Sex and Working Status
Stratification Based on the National Representative Cohort in Republic
of Korea

Jun Heo 1, Jeongmin Son 1, Wanhyung Lee 2,*

1College of Medicine, Gachon University, Incheon, Republic of Korea
2Department of Occupational and Environmental Medicine, Gil Medical Center, Gachon University College of Medicine, Incheon, Republic of Korea

a r t i c l e i n f o

Article history:
Received 14 February 2021
Received in revised form
8 March 2022
Accepted 17 July 2022
Available online 31 July 2022

Keywords:
Incidence
Prevalence
Republic of Korea
Urolithiasis

a b s t r a c t

Background: This study aimed to estimate the annual prevalence and incidence of urolithiasis stratified
by work status based on a large nationwide sample.
Methods: This study used data from the National Health Insurance Service-National Sample Cohort from
2002 to 2015. The prevalence and incidence of urolithiasis were estimated based on work status and
gender stratification. The risk of urolithiasis among workers was calculated using age-standardized
incidence ratio with stratification of work type.
Results: The prevalence of urolithiasis was significantly higher in workers than in non-workers, espe-
cially men, during the follow-up period. The total estimated number of urolithiasis cases was 41,086 and
the overall incidence of urolithiasis was 0.3%. The age-standardized incidence ratio of urolithiasis was
significantly higher among the total workers (1.14; 95% confidence interval, 1.13e1.16), self-employed
workers (1.08; 95% confidence interval, 1.06e1.11), and paid workers (1.19; 95% confidence interval,
1.17e1.21) than among the non-working population.
Conclusions: Workers, especially paid workers and men, were vulnerable to urolithiasis. Further studies
are required to investigate the effects of working conditions on urolithiasis.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an
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1. Introduction

Urolithiasis (ULT), also known as nephrolithiasis or kidney stone
disease, is a heterogeneous disorder with varying physiochemical
backgrounds among patients [1]. It is the most common disease of
the urinary tract [2]. Kidney stones are a major source of morbidity,
accounting for >2 billion dollars spent on treatment each year [3].
ULT is associated with an increased risk of myocardial infarction [4],
depression [5], elevated stress levels [6], chronic kidney disease,
hypertension, diabetes [7], and end-stage renal disease [8]. The
symptoms of ULT include hematuria, flank pain, renal colic, urinary
tract infections, nausea, and vomiting. Thus, ULT has a negative
impact on a patient’s quality of life.

The known risk factors for ULT are male sex [9], hyper-
insulinemia due to obesity [10], renal cystic disease [11], dietary
habits [12], and certain working conditions [13]. The risk of ULT

development varies among different study groups, and much of
this variation is likely due to geographic, racial, and socioeconomic
differences [14]. In previous studies, the overall probability of kid-
ney stone development ranged from 1% to 5% in Asia, 5% to 9% in
Europe, 13% in North America, and 20% in Saudi Arabia [15]. How-
ever, only a few epidemiological studies on ULT have been con-
ducted in Asian populations. Although working conditions are
likely to affect the prevalence and incidence of ULT [13], the impact
of working status on ULT has yet to be studied across a wide range
of ages and in large-scale groups.

In this study, we aimed to assess the prevalence and incidence of
ULT using data from the National Health Insurance Service (NHIS)
in Republic of Korea from 2002 to 2015. All Koreans are enrolled in
the NHIS database. The NHIS database covers a wide range of in-
formation, including age, sex, working condition, diagnosis, and
prescription. The wide age range, long observation period, large
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Background: This study aimed to estimate the annual prevalence and incidence of urolithiasis stratified
by work status based on a large nationwide sample.
Methods: This study used data from the National Health Insurance Service-National Sample Cohort from
2002 to 2015. The prevalence and incidence of urolithiasis were estimated based on work status and
gender stratification. The risk of urolithiasis among workers was calculated using age-standardized
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Background: This study aimed to estimate the annual prevalence and incidence of urolithiasis stratified
by work status based on a large nationwide sample.
Methods: This study used data from the National Health Insurance Service-National Sample Cohort from
2002 to 2015. The prevalence and incidence of urolithiasis were estimated based on work status and
gender stratification. The risk of urolithiasis among workers was calculated using age-standardized
incidence ratio with stratification of work type.
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the overall incidence of urolithiasis was 0.3%. The age-standardized incidence ratio of urolithiasis was
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Background: This study aimed to estimate the annual prevalence and incidence of urolithiasis stratified
by work status based on a large nationwide sample.
Methods: This study used data from the National Health Insurance Service-National Sample Cohort from
2002 to 2015. The prevalence and incidence of urolithiasis were estimated based on work status and
gender stratification. The risk of urolithiasis among workers was calculated using age-standardized
incidence ratio with stratification of work type.
Results: The prevalence of urolithiasis was significantly higher in workers than in non-workers, espe-
cially men, during the follow-up period. The total estimated number of urolithiasis cases was 41,086 and
the overall incidence of urolithiasis was 0.3%. The age-standardized incidence ratio of urolithiasis was
significantly higher among the total workers (1.14; 95% confidence interval, 1.13e1.16), self-employed
workers (1.08; 95% confidence interval, 1.06e1.11), and paid workers (1.19; 95% confidence interval,
1.17e1.21) than among the non-working population.
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a b s t r a c t

Objective: The exposure levels of disease-causing bacteria and germs were assessed on aircraft cleaning
workers on multiple different aircrafts.
Method: Five measuring points were selected depending on the aircraft types. Four aircraft cleaning
agencies were selected for the test. Aircraft cleaning work was classified as intensive cleaning and general
cleaning work. Ventilation in aircraft when sampling during the cleaning operation was categorized into
forced ventilation and natural ventilation. The collection of airborne microorganisms was made through
inertial impactors which were installed 1.5 meters above the bottom of the aircraft. The airborne bacteria
and fungus growth badges were selected by Trytpic Soy Agar and Sabouraud Dextrose Agar.
Results: The average concentrations of bacteria in the air were higher in the order of small, medium, and
large airplanes. Rainy days had higher concentrations inside and outside the aircraft as compared to
those in sunny days. Regarding ventilation, concentrations in natural ventilation were higher than
concentrations in forced ventilation. According to the type of work, the concentrations in the intensive
cleaning groups (cleaning one plane a day) were lower than those of the ordinary cleaning groups
(cleaning several planes per day).
Conclusion: The concentration levels of airborne bacteria and fungi in the aircraft surveyed were lower
than the indoor environmental standards of Korea (800 cfu/m3 and 500 cfu/m3). The average concen-
trations of bacteria in the air and fungi in the air were highest in small aircraft owned by Company D.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Unlike ordinary cleaning workers, in-flight cleaning workers are
exposed to potential work risks due to the limited working space
and tight work schedules. Airlines usually entrust room cleaning to
outside companies. The types of cleaning service provided
depend on the duration of the aircraft stay. Psychological factors,
such as the work pressure caused by these factors, act as job stress
for aircraft cleaning workers [1].

Pollution caused by airborne microorganisms is a key factor in
indoor air pollution and is a rapidly emerging area in terms of
working environments as it plays an important role in the spread of
certain infectious diseases and allergies [2].

Research on infectious diseases in buses, trains, and airplanes is
actively progressing. The importance of bioaerosols to indoor
enclosed spaces is increasing [3].

A bioaerosol is defined as organic pollen, bacteria, fungi, and
viruses, as well as metabolites such as allergens, (1e3)-b-D-glucan,
and toxins such as endotoxins and mycotoxins [4]. Airborne mi-
croorganisms reportedly cause respiratory problems such as
asthma, rhinitis, sinusitis, and bronchitis [5e8].

Until now, most of the studies on workers inside aircraft have
been on cabin crew [9]. On-site exposure assessment of bioaerosol
has been reported in other transportation systems such as subways
and buses, indoor multiuse facilities, and work facilities [10e13],
but there is no information related to bioaerosol on airplanes to
date.

Previous studies have shown that 30% of museum workers
developed allergic symptoms while working with potentially
fungal contaminated objects [14].

Evaluation was also conducted in various indoor environments.
Fungi concentrations were measured in medical schools, hospitals,
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목적 

항공기 청소노동자의 작업 시 노출평가를 통하여, 인체에 질병을 일으킬 수 있는 부유세균 

및 부유진균에 대한 농도를 평가하고자 한다.

방법

항공기 종류에 따라 5개의 측정 지점을 선정하였으며, 실험을 위해 4곳의 항공기 청소업체

를 선정하였다. 항공기 청소 작업은 집중 청소 작업과 일반 청소 작업으로 분류하였으며, 청

소 작업 중 시료 채취 시 항공기 내 환기 방법은 강제 환기와 자연 환기로 분류하였다. 부유

세균 및 부유진균 채취는 항공기 바닥면으로부터 1.5 m 위에 임팩터를 설치하여 측정하였

으며, 부유세균과 부유진균 배지는 TSA(Tryptic Soy Agar)와 SDA(Sabouraud Dextrose 

Agar)로 선정하였다.

결과

공기 중 세균의 평균 농도는 항공기 크기에 따라 소형, 중형, 대형 순으로 높게 나타났으며, 

비가 오는 날은 맑은 날에 비해 항공기 내외부 모두 농도가 높게 나타났다. 환기와 관련해서

는 자연 환기의 농도가 강제 환기의 농도보다 높게 나타났으며, 작업 유형에 따라서는 집중 

청소의 농도가 일반 청소보다 낮게 나타났다.

결론

조사 대상 항공기의 부유세균 및 부유진균 농도는 대한민국 실내환경기준(800 cfu/m3, 

500 cfu/m3)보다 낮았으며, D사의 소형 항공기의 공기 중 부유세균 및 부유진균의 평균 농

도가 가장 높았으며, 더욱 정밀한 조사를 위해서는 갤리 등 다른 장소에서 추가적인 측정이 

필요하다.

18. 항공기 내 부유세균 및 부유진균에 대한 노출평가
Original article

Exposure Assessment of Airborne Bacteria and Fungi in the Aircraft

Doo-Young Kim1, Ki-Youn Kim1,2,*

1Graduate School of Safety Engineering, Seoul National University of Science and Technology, Seoul, Republic of Korea
2Department of Safety Engineering, Seoul National University of Science and Technology, Seoul, Republic of Korea

a r t i c l e i n f o

Article history:
Received 4 April 2022
Received in revised form
4 August 2022
Accepted 17 August 2022
Available online 24 August 2022

Keywords:
airborne bacteria
airborne fungi
aircraft
cleaning workers
exposure levels

a b s t r a c t

Objective: The exposure levels of disease-causing bacteria and germs were assessed on aircraft cleaning
workers on multiple different aircrafts.
Method: Five measuring points were selected depending on the aircraft types. Four aircraft cleaning
agencies were selected for the test. Aircraft cleaning work was classified as intensive cleaning and general
cleaning work. Ventilation in aircraft when sampling during the cleaning operation was categorized into
forced ventilation and natural ventilation. The collection of airborne microorganisms was made through
inertial impactors which were installed 1.5 meters above the bottom of the aircraft. The airborne bacteria
and fungus growth badges were selected by Trytpic Soy Agar and Sabouraud Dextrose Agar.
Results: The average concentrations of bacteria in the air were higher in the order of small, medium, and
large airplanes. Rainy days had higher concentrations inside and outside the aircraft as compared to
those in sunny days. Regarding ventilation, concentrations in natural ventilation were higher than
concentrations in forced ventilation. According to the type of work, the concentrations in the intensive
cleaning groups (cleaning one plane a day) were lower than those of the ordinary cleaning groups
(cleaning several planes per day).
Conclusion: The concentration levels of airborne bacteria and fungi in the aircraft surveyed were lower
than the indoor environmental standards of Korea (800 cfu/m3 and 500 cfu/m3). The average concen-
trations of bacteria in the air and fungi in the air were highest in small aircraft owned by Company D.
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1. Introduction

Unlike ordinary cleaning workers, in-flight cleaning workers are
exposed to potential work risks due to the limited working space
and tight work schedules. Airlines usually entrust room cleaning to
outside companies. The types of cleaning service provided
depend on the duration of the aircraft stay. Psychological factors,
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Objective: The exposure levels of disease-causing bacteria and germs were assessed on aircraft cleaning
workers on multiple different aircrafts.
Method: Five measuring points were selected depending on the aircraft types. Four aircraft cleaning
agencies were selected for the test. Aircraft cleaning work was classified as intensive cleaning and general
cleaning work. Ventilation in aircraft when sampling during the cleaning operation was categorized into
forced ventilation and natural ventilation. The collection of airborne microorganisms was made through
inertial impactors which were installed 1.5 meters above the bottom of the aircraft. The airborne bacteria
and fungus growth badges were selected by Trytpic Soy Agar and Sabouraud Dextrose Agar.
Results: The average concentrations of bacteria in the air were higher in the order of small, medium, and
large airplanes. Rainy days had higher concentrations inside and outside the aircraft as compared to
those in sunny days. Regarding ventilation, concentrations in natural ventilation were higher than
concentrations in forced ventilation. According to the type of work, the concentrations in the intensive
cleaning groups (cleaning one plane a day) were lower than those of the ordinary cleaning groups
(cleaning several planes per day).
Conclusion: The concentration levels of airborne bacteria and fungi in the aircraft surveyed were lower
than the indoor environmental standards of Korea (800 cfu/m3 and 500 cfu/m3). The average concen-
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Background: The purpose of this study is to construct a job-exposure matrix for lead that accounts for
industry and work processes within industries using a nationwide exposure database.
Methods: We used the work environment measurement data (WEMD) of lead monitored nationwide
from 2015 to 2016. Industrial hygienists standardized the work process codes in the database to 37
standard process and extracted key index words for each process. A total of 37 standardized process
codes were allocated to each measurement based on an automated key word search based on the degree
of agreement between the measurement information and the standard process index. Summary sta-
tistics, including the arithmetic mean, geometric mean, and 95th percentile level (X95), was calculated
according to industry, process, and industry process. Using statistical parameters of contrast and pre-
cision, we compared the similarity of exposure groups by industry, process, and industry process.
Results: The exposure intensity of lead was estimated for 583 exposure groups combined with 128 in-
dustry and 35 process. The X95 value of the “casting” process of the “manufacture of basic precious and
non-ferrous metals” industry was 53.29 mg/m3, exceeding the occupational exposure limit of 50 mg/m3.
Regardless of the limitation of the minimum number of samples in the exposure group, higher contrast
was observed when the exposure groups were by industry process than by industry or process.
Conclusion: We evaluated the exposure intensities of lead by combination of industry and process. The
results will be helpful in determining more accurate information regarding exposure in lead-related
epidemiological studies.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

To prevent occupational diseases and establish appropriate
safety and health policies, a national exposure surveillance system
is required. Similar to Germany’s MEGA [1,2] and France’s COLCHIC
[3], Republic of Korea has the Workplace Environment

Measurement Database (WEMD), a nationwide exposure database
collected by the work environment monitoring (WEM) system
under the Korean Occupational Safety and Health Act (OSHAct). All
employers are obligated to perform a regular evaluation of the
exposure level of workers to harmful factors twice a year [4].
Measurement of the working environment is performed by
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배경 이 연구의 목적은 국가노출데이터베이스(작업환경측정자료)를 이용하여 산업-공정별 
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Background: The purpose of this study is to construct a job-exposure matrix for lead that accounts for
industry and work processes within industries using a nationwide exposure database.
Methods: We used the work environment measurement data (WEMD) of lead monitored nationwide
from 2015 to 2016. Industrial hygienists standardized the work process codes in the database to 37
standard process and extracted key index words for each process. A total of 37 standardized process
codes were allocated to each measurement based on an automated key word search based on the degree
of agreement between the measurement information and the standard process index. Summary sta-
tistics, including the arithmetic mean, geometric mean, and 95th percentile level (X95), was calculated
according to industry, process, and industry process. Using statistical parameters of contrast and pre-
cision, we compared the similarity of exposure groups by industry, process, and industry process.
Results: The exposure intensity of lead was estimated for 583 exposure groups combined with 128 in-
dustry and 35 process. The X95 value of the “casting” process of the “manufacture of basic precious and
non-ferrous metals” industry was 53.29 mg/m3, exceeding the occupational exposure limit of 50 mg/m3.
Regardless of the limitation of the minimum number of samples in the exposure group, higher contrast
was observed when the exposure groups were by industry process than by industry or process.
Conclusion: We evaluated the exposure intensities of lead by combination of industry and process. The
results will be helpful in determining more accurate information regarding exposure in lead-related
epidemiological studies.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

To prevent occupational diseases and establish appropriate
safety and health policies, a national exposure surveillance system
is required. Similar to Germany’s MEGA [1,2] and France’s COLCHIC
[3], Republic of Korea has the Workplace Environment

Measurement Database (WEMD), a nationwide exposure database
collected by the work environment monitoring (WEM) system
under the Korean Occupational Safety and Health Act (OSHAct). All
employers are obligated to perform a regular evaluation of the
exposure level of workers to harmful factors twice a year [4].
Measurement of the working environment is performed by

Ju-Hyun Park: https://orcid.org/0000-0001-9675-6475; Sangjun Choi: https://orcid.org/0000-0001-8787-7216; Dong-Hee Koh: https://orcid.org/0000-0002-2868-4411;
Dae Sung Lim: https://orcid.org/0000-0003-4190-0390; Donguk Park: https://orcid.org/0000-0003-3847-7392; Hwan-Cheol Kim: https://orcid.org/0000-0002-3635-1297;
Sang-Gil Lee: https://orcid.org/0000-0001-8173-3940; Jihye Lee: https://orcid.org/0000-0003-0484-6698; Ji Seon Lim: https://orcid.org/0000-0002-6642-5031; Yeji Sung:
https://orcid.org/0000-0003-2267-5490; Kyoung Yoon Ko: https://orcid.org/0000-0001-6616-5164
* Corresponding author. Graduate School of Public Health and Healthcare Management, The Catholic University of Korea, 222 Banpo-daero, Seocho-gu, Seoul, 06591,

Republic of Korea.
E-mail address: junilane@gmail.com (S. Choi).

Contents lists available at ScienceDirect

Safety and Health at Work

journal homepage: www.e-shaw.net

2093-7911/$ e see front matter � 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
https://doi.org/10.1016/j.shaw.2022.09.001

Safety and Health at Work 13 (2022) 493e499

Original article

A Pilot Establishment of the Job-Exposure Matrix of Lead Using the
Standard Process Code of Nationwide Exposure Databases in Korea

Ju-Hyun Park 1, Sangjun Choi 2,*, Dong-Hee Koh 3, Dae Sung Lim 4, Donguk Park 5,
Hwan-Cheol Kim 6, Sang-Gil Lee 7, Jihye Lee 7, Ji Seon Lim 1, Yeji Sung 2, Kyoung Yoon Ko 2

1Department of Statistics, Dongguk University, Seoul, Republic of Korea
2Graduate School of Public Health and Healthcare Management, The Catholic University of Korea, Seoul, Republic of Korea
3Department of Occupational and Environmental Medicine, International St. Mary’s Hospital, Catholic Kwandong University, Incheon, Republic of Korea
4Hansung Health and Safety Technology Co., Ltd., Daejeon, Republic of Korea
5Department of Environmental Health, Korea National Open University, Seoul, Republic of Korea
6Department of Occupational and Environmental Medicine, Inha University, Incheon, Republic of Korea
7Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency, Ulsan, Republic of Korea

a r t i c l e i n f o

Article history:
Received 4 January 2022
Received in revised form
30 August 2022
Accepted 1 September 2022
Available online 9 September 2022

Keywords:
Contrast
Job-exposure matrix
Lead
Standard process

a b s t r a c t

Background: The purpose of this study is to construct a job-exposure matrix for lead that accounts for
industry and work processes within industries using a nationwide exposure database.
Methods: We used the work environment measurement data (WEMD) of lead monitored nationwide
from 2015 to 2016. Industrial hygienists standardized the work process codes in the database to 37
standard process and extracted key index words for each process. A total of 37 standardized process
codes were allocated to each measurement based on an automated key word search based on the degree
of agreement between the measurement information and the standard process index. Summary sta-
tistics, including the arithmetic mean, geometric mean, and 95th percentile level (X95), was calculated
according to industry, process, and industry process. Using statistical parameters of contrast and pre-
cision, we compared the similarity of exposure groups by industry, process, and industry process.
Results: The exposure intensity of lead was estimated for 583 exposure groups combined with 128 in-
dustry and 35 process. The X95 value of the “casting” process of the “manufacture of basic precious and
non-ferrous metals” industry was 53.29 mg/m3, exceeding the occupational exposure limit of 50 mg/m3.
Regardless of the limitation of the minimum number of samples in the exposure group, higher contrast
was observed when the exposure groups were by industry process than by industry or process.
Conclusion: We evaluated the exposure intensities of lead by combination of industry and process. The
results will be helpful in determining more accurate information regarding exposure in lead-related
epidemiological studies.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

To prevent occupational diseases and establish appropriate
safety and health policies, a national exposure surveillance system
is required. Similar to Germany’s MEGA [1,2] and France’s COLCHIC
[3], Republic of Korea has the Workplace Environment

Measurement Database (WEMD), a nationwide exposure database
collected by the work environment monitoring (WEM) system
under the Korean Occupational Safety and Health Act (OSHAct). All
employers are obligated to perform a regular evaluation of the
exposure level of workers to harmful factors twice a year [4].
Measurement of the working environment is performed by

Ju-Hyun Park: https://orcid.org/0000-0001-9675-6475; Sangjun Choi: https://orcid.org/0000-0001-8787-7216; Dong-Hee Koh: https://orcid.org/0000-0002-2868-4411;
Dae Sung Lim: https://orcid.org/0000-0003-4190-0390; Donguk Park: https://orcid.org/0000-0003-3847-7392; Hwan-Cheol Kim: https://orcid.org/0000-0002-3635-1297;
Sang-Gil Lee: https://orcid.org/0000-0001-8173-3940; Jihye Lee: https://orcid.org/0000-0003-0484-6698; Ji Seon Lim: https://orcid.org/0000-0002-6642-5031; Yeji Sung:
https://orcid.org/0000-0003-2267-5490; Kyoung Yoon Ko: https://orcid.org/0000-0001-6616-5164
* Corresponding author. Graduate School of Public Health and Healthcare Management, The Catholic University of Korea, 222 Banpo-daero, Seocho-gu, Seoul, 06591,

Republic of Korea.
E-mail address: junilane@gmail.com (S. Choi).

Contents lists available at ScienceDirect

Safety and Health at Work

journal homepage: www.e-shaw.net

2093-7911/$ e see front matter � 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
https://doi.org/10.1016/j.shaw.2022.09.001

Safety and Health at Work 13 (2022) 493e499

Original article

A Pilot Establishment of the Job-Exposure Matrix of Lead Using the
Standard Process Code of Nationwide Exposure Databases in Korea

Ju-Hyun Park 1, Sangjun Choi 2,*, Dong-Hee Koh 3, Dae Sung Lim 4, Donguk Park 5,
Hwan-Cheol Kim 6, Sang-Gil Lee 7, Jihye Lee 7, Ji Seon Lim 1, Yeji Sung 2, Kyoung Yoon Ko 2

1Department of Statistics, Dongguk University, Seoul, Republic of Korea
2Graduate School of Public Health and Healthcare Management, The Catholic University of Korea, Seoul, Republic of Korea
3Department of Occupational and Environmental Medicine, International St. Mary’s Hospital, Catholic Kwandong University, Incheon, Republic of Korea
4Hansung Health and Safety Technology Co., Ltd., Daejeon, Republic of Korea
5Department of Environmental Health, Korea National Open University, Seoul, Republic of Korea
6Department of Occupational and Environmental Medicine, Inha University, Incheon, Republic of Korea
7Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency, Ulsan, Republic of Korea

a r t i c l e i n f o

Article history:
Received 4 January 2022
Received in revised form
30 August 2022
Accepted 1 September 2022
Available online 9 September 2022

Keywords:
Contrast
Job-exposure matrix
Lead
Standard process

a b s t r a c t

Background: The purpose of this study is to construct a job-exposure matrix for lead that accounts for
industry and work processes within industries using a nationwide exposure database.
Methods: We used the work environment measurement data (WEMD) of lead monitored nationwide
from 2015 to 2016. Industrial hygienists standardized the work process codes in the database to 37
standard process and extracted key index words for each process. A total of 37 standardized process
codes were allocated to each measurement based on an automated key word search based on the degree
of agreement between the measurement information and the standard process index. Summary sta-
tistics, including the arithmetic mean, geometric mean, and 95th percentile level (X95), was calculated
according to industry, process, and industry process. Using statistical parameters of contrast and pre-
cision, we compared the similarity of exposure groups by industry, process, and industry process.
Results: The exposure intensity of lead was estimated for 583 exposure groups combined with 128 in-
dustry and 35 process. The X95 value of the “casting” process of the “manufacture of basic precious and
non-ferrous metals” industry was 53.29 mg/m3, exceeding the occupational exposure limit of 50 mg/m3.
Regardless of the limitation of the minimum number of samples in the exposure group, higher contrast
was observed when the exposure groups were by industry process than by industry or process.
Conclusion: We evaluated the exposure intensities of lead by combination of industry and process. The
results will be helpful in determining more accurate information regarding exposure in lead-related
epidemiological studies.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

To prevent occupational diseases and establish appropriate
safety and health policies, a national exposure surveillance system
is required. Similar to Germany’s MEGA [1,2] and France’s COLCHIC
[3], Republic of Korea has the Workplace Environment

Measurement Database (WEMD), a nationwide exposure database
collected by the work environment monitoring (WEM) system
under the Korean Occupational Safety and Health Act (OSHAct). All
employers are obligated to perform a regular evaluation of the
exposure level of workers to harmful factors twice a year [4].
Measurement of the working environment is performed by

Ju-Hyun Park: https://orcid.org/0000-0001-9675-6475; Sangjun Choi: https://orcid.org/0000-0001-8787-7216; Dong-Hee Koh: https://orcid.org/0000-0002-2868-4411;
Dae Sung Lim: https://orcid.org/0000-0003-4190-0390; Donguk Park: https://orcid.org/0000-0003-3847-7392; Hwan-Cheol Kim: https://orcid.org/0000-0002-3635-1297;
Sang-Gil Lee: https://orcid.org/0000-0001-8173-3940; Jihye Lee: https://orcid.org/0000-0003-0484-6698; Ji Seon Lim: https://orcid.org/0000-0002-6642-5031; Yeji Sung:
https://orcid.org/0000-0003-2267-5490; Kyoung Yoon Ko: https://orcid.org/0000-0001-6616-5164
* Corresponding author. Graduate School of Public Health and Healthcare Management, The Catholic University of Korea, 222 Banpo-daero, Seocho-gu, Seoul, 06591,

Republic of Korea.
E-mail address: junilane@gmail.com (S. Choi).

Contents lists available at ScienceDirect

Safety and Health at Work

journal homepage: www.e-shaw.net

2093-7911/$ e see front matter � 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
https://doi.org/10.1016/j.shaw.2022.09.001

Safety and Health at Work 13 (2022) 493e499

Original article

A Pilot Establishment of the Job-Exposure Matrix of Lead Using the
Standard Process Code of Nationwide Exposure Databases in Korea

Ju-Hyun Park 1, Sangjun Choi 2,*, Dong-Hee Koh 3, Dae Sung Lim 4, Donguk Park 5,
Hwan-Cheol Kim 6, Sang-Gil Lee 7, Jihye Lee 7, Ji Seon Lim 1, Yeji Sung 2, Kyoung Yoon Ko 2

1Department of Statistics, Dongguk University, Seoul, Republic of Korea
2Graduate School of Public Health and Healthcare Management, The Catholic University of Korea, Seoul, Republic of Korea
3Department of Occupational and Environmental Medicine, International St. Mary’s Hospital, Catholic Kwandong University, Incheon, Republic of Korea
4Hansung Health and Safety Technology Co., Ltd., Daejeon, Republic of Korea
5Department of Environmental Health, Korea National Open University, Seoul, Republic of Korea
6Department of Occupational and Environmental Medicine, Inha University, Incheon, Republic of Korea
7Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency, Ulsan, Republic of Korea

a r t i c l e i n f o

Article history:
Received 4 January 2022
Received in revised form
30 August 2022
Accepted 1 September 2022
Available online 9 September 2022

Keywords:
Contrast
Job-exposure matrix
Lead
Standard process

a b s t r a c t

Background: The purpose of this study is to construct a job-exposure matrix for lead that accounts for
industry and work processes within industries using a nationwide exposure database.
Methods: We used the work environment measurement data (WEMD) of lead monitored nationwide
from 2015 to 2016. Industrial hygienists standardized the work process codes in the database to 37
standard process and extracted key index words for each process. A total of 37 standardized process
codes were allocated to each measurement based on an automated key word search based on the degree
of agreement between the measurement information and the standard process index. Summary sta-
tistics, including the arithmetic mean, geometric mean, and 95th percentile level (X95), was calculated
according to industry, process, and industry process. Using statistical parameters of contrast and pre-
cision, we compared the similarity of exposure groups by industry, process, and industry process.
Results: The exposure intensity of lead was estimated for 583 exposure groups combined with 128 in-
dustry and 35 process. The X95 value of the “casting” process of the “manufacture of basic precious and
non-ferrous metals” industry was 53.29 mg/m3, exceeding the occupational exposure limit of 50 mg/m3.
Regardless of the limitation of the minimum number of samples in the exposure group, higher contrast
was observed when the exposure groups were by industry process than by industry or process.
Conclusion: We evaluated the exposure intensities of lead by combination of industry and process. The
results will be helpful in determining more accurate information regarding exposure in lead-related
epidemiological studies.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

To prevent occupational diseases and establish appropriate
safety and health policies, a national exposure surveillance system
is required. Similar to Germany’s MEGA [1,2] and France’s COLCHIC
[3], Republic of Korea has the Workplace Environment

Measurement Database (WEMD), a nationwide exposure database
collected by the work environment monitoring (WEM) system
under the Korean Occupational Safety and Health Act (OSHAct). All
employers are obligated to perform a regular evaluation of the
exposure level of workers to harmful factors twice a year [4].
Measurement of the working environment is performed by

Ju-Hyun Park: https://orcid.org/0000-0001-9675-6475; Sangjun Choi: https://orcid.org/0000-0001-8787-7216; Dong-Hee Koh: https://orcid.org/0000-0002-2868-4411;
Dae Sung Lim: https://orcid.org/0000-0003-4190-0390; Donguk Park: https://orcid.org/0000-0003-3847-7392; Hwan-Cheol Kim: https://orcid.org/0000-0002-3635-1297;
Sang-Gil Lee: https://orcid.org/0000-0001-8173-3940; Jihye Lee: https://orcid.org/0000-0003-0484-6698; Ji Seon Lim: https://orcid.org/0000-0002-6642-5031; Yeji Sung:
https://orcid.org/0000-0003-2267-5490; Kyoung Yoon Ko: https://orcid.org/0000-0001-6616-5164
* Corresponding author. Graduate School of Public Health and Healthcare Management, The Catholic University of Korea, 222 Banpo-daero, Seocho-gu, Seoul, 06591,

Republic of Korea.
E-mail address: junilane@gmail.com (S. Choi).

Contents lists available at ScienceDirect

Safety and Health at Work

journal homepage: www.e-shaw.net

2093-7911/$ e see front matter � 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
https://doi.org/10.1016/j.shaw.2022.09.001

Safety and Health at Work 13 (2022) 493e499

Original article

A Pilot Establishment of the Job-Exposure Matrix of Lead Using the
Standard Process Code of Nationwide Exposure Databases in Korea

Ju-Hyun Park 1, Sangjun Choi 2,*, Dong-Hee Koh 3, Dae Sung Lim 4, Donguk Park 5,
Hwan-Cheol Kim 6, Sang-Gil Lee 7, Jihye Lee 7, Ji Seon Lim 1, Yeji Sung 2, Kyoung Yoon Ko 2

1Department of Statistics, Dongguk University, Seoul, Republic of Korea
2Graduate School of Public Health and Healthcare Management, The Catholic University of Korea, Seoul, Republic of Korea
3Department of Occupational and Environmental Medicine, International St. Mary’s Hospital, Catholic Kwandong University, Incheon, Republic of Korea
4Hansung Health and Safety Technology Co., Ltd., Daejeon, Republic of Korea
5Department of Environmental Health, Korea National Open University, Seoul, Republic of Korea
6Department of Occupational and Environmental Medicine, Inha University, Incheon, Republic of Korea
7Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency, Ulsan, Republic of Korea

a r t i c l e i n f o

Article history:
Received 4 January 2022
Received in revised form
30 August 2022
Accepted 1 September 2022
Available online 9 September 2022

Keywords:
Contrast
Job-exposure matrix
Lead
Standard process

a b s t r a c t

Background: The purpose of this study is to construct a job-exposure matrix for lead that accounts for
industry and work processes within industries using a nationwide exposure database.
Methods: We used the work environment measurement data (WEMD) of lead monitored nationwide
from 2015 to 2016. Industrial hygienists standardized the work process codes in the database to 37
standard process and extracted key index words for each process. A total of 37 standardized process
codes were allocated to each measurement based on an automated key word search based on the degree
of agreement between the measurement information and the standard process index. Summary sta-
tistics, including the arithmetic mean, geometric mean, and 95th percentile level (X95), was calculated
according to industry, process, and industry process. Using statistical parameters of contrast and pre-
cision, we compared the similarity of exposure groups by industry, process, and industry process.
Results: The exposure intensity of lead was estimated for 583 exposure groups combined with 128 in-
dustry and 35 process. The X95 value of the “casting” process of the “manufacture of basic precious and
non-ferrous metals” industry was 53.29 mg/m3, exceeding the occupational exposure limit of 50 mg/m3.
Regardless of the limitation of the minimum number of samples in the exposure group, higher contrast
was observed when the exposure groups were by industry process than by industry or process.
Conclusion: We evaluated the exposure intensities of lead by combination of industry and process. The
results will be helpful in determining more accurate information regarding exposure in lead-related
epidemiological studies.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

To prevent occupational diseases and establish appropriate
safety and health policies, a national exposure surveillance system
is required. Similar to Germany’s MEGA [1,2] and France’s COLCHIC
[3], Republic of Korea has the Workplace Environment

Measurement Database (WEMD), a nationwide exposure database
collected by the work environment monitoring (WEM) system
under the Korean Occupational Safety and Health Act (OSHAct). All
employers are obligated to perform a regular evaluation of the
exposure level of workers to harmful factors twice a year [4].
Measurement of the working environment is performed by

Ju-Hyun Park: https://orcid.org/0000-0001-9675-6475; Sangjun Choi: https://orcid.org/0000-0001-8787-7216; Dong-Hee Koh: https://orcid.org/0000-0002-2868-4411;
Dae Sung Lim: https://orcid.org/0000-0003-4190-0390; Donguk Park: https://orcid.org/0000-0003-3847-7392; Hwan-Cheol Kim: https://orcid.org/0000-0002-3635-1297;
Sang-Gil Lee: https://orcid.org/0000-0001-8173-3940; Jihye Lee: https://orcid.org/0000-0003-0484-6698; Ji Seon Lim: https://orcid.org/0000-0002-6642-5031; Yeji Sung:
https://orcid.org/0000-0003-2267-5490; Kyoung Yoon Ko: https://orcid.org/0000-0001-6616-5164
* Corresponding author. Graduate School of Public Health and Healthcare Management, The Catholic University of Korea, 222 Banpo-daero, Seocho-gu, Seoul, 06591,

Republic of Korea.
E-mail address: junilane@gmail.com (S. Choi).

Contents lists available at ScienceDirect

Safety and Health at Work

journal homepage: www.e-shaw.net

2093-7911/$ e see front matter � 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
https://doi.org/10.1016/j.shaw.2022.09.001

Safety and Health at Work 13 (2022) 493e499

Original article

A Pilot Establishment of the Job-Exposure Matrix of Lead Using the
Standard Process Code of Nationwide Exposure Databases in Korea

Ju-Hyun Park 1, Sangjun Choi 2,*, Dong-Hee Koh 3, Dae Sung Lim 4, Donguk Park 5,
Hwan-Cheol Kim 6, Sang-Gil Lee 7, Jihye Lee 7, Ji Seon Lim 1, Yeji Sung 2, Kyoung Yoon Ko 2

1Department of Statistics, Dongguk University, Seoul, Republic of Korea
2Graduate School of Public Health and Healthcare Management, The Catholic University of Korea, Seoul, Republic of Korea
3Department of Occupational and Environmental Medicine, International St. Mary’s Hospital, Catholic Kwandong University, Incheon, Republic of Korea
4Hansung Health and Safety Technology Co., Ltd., Daejeon, Republic of Korea
5Department of Environmental Health, Korea National Open University, Seoul, Republic of Korea
6Department of Occupational and Environmental Medicine, Inha University, Incheon, Republic of Korea
7Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency, Ulsan, Republic of Korea

a r t i c l e i n f o

Article history:
Received 4 January 2022
Received in revised form
30 August 2022
Accepted 1 September 2022
Available online 9 September 2022

Keywords:
Contrast
Job-exposure matrix
Lead
Standard process

a b s t r a c t

Background: The purpose of this study is to construct a job-exposure matrix for lead that accounts for
industry and work processes within industries using a nationwide exposure database.
Methods: We used the work environment measurement data (WEMD) of lead monitored nationwide
from 2015 to 2016. Industrial hygienists standardized the work process codes in the database to 37
standard process and extracted key index words for each process. A total of 37 standardized process
codes were allocated to each measurement based on an automated key word search based on the degree
of agreement between the measurement information and the standard process index. Summary sta-
tistics, including the arithmetic mean, geometric mean, and 95th percentile level (X95), was calculated
according to industry, process, and industry process. Using statistical parameters of contrast and pre-
cision, we compared the similarity of exposure groups by industry, process, and industry process.
Results: The exposure intensity of lead was estimated for 583 exposure groups combined with 128 in-
dustry and 35 process. The X95 value of the “casting” process of the “manufacture of basic precious and
non-ferrous metals” industry was 53.29 mg/m3, exceeding the occupational exposure limit of 50 mg/m3.
Regardless of the limitation of the minimum number of samples in the exposure group, higher contrast
was observed when the exposure groups were by industry process than by industry or process.
Conclusion: We evaluated the exposure intensities of lead by combination of industry and process. The
results will be helpful in determining more accurate information regarding exposure in lead-related
epidemiological studies.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

To prevent occupational diseases and establish appropriate
safety and health policies, a national exposure surveillance system
is required. Similar to Germany’s MEGA [1,2] and France’s COLCHIC
[3], Republic of Korea has the Workplace Environment

Measurement Database (WEMD), a nationwide exposure database
collected by the work environment monitoring (WEM) system
under the Korean Occupational Safety and Health Act (OSHAct). All
employers are obligated to perform a regular evaluation of the
exposure level of workers to harmful factors twice a year [4].
Measurement of the working environment is performed by
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a b s t r a c t

Background: Occupational cancer is a global health issue. The Korean CARcinogen EXposure (K-CAREX), a
database of CARcinogen EXposure, was developed for the Korean labor force to estimate the number of
workers exposed to carcinogens by industry. The present study aimed to estimate the intensity of
exposure to carcinogens by industry, in order to supply complementary information about CARcinogen
EXposure intensity to the K-CAREX.
Methods: We used nationwide workplace monitoring data from 2014 to 2016 and selected target car-
cinogens based on the K-CAREX list. We computed the 95th percentile levels of measurements for each
industry by carcinogens. Based on the 95th percentile level relative to the occupational exposure limit,
we classified the CARcinogen EXposure intensity into five exposure ratings (1e5) for each industry.
Results: The exposure ratings were estimated for 21 carcinogenic agents in each of the 228 minor in-
dustry groups. For example, 3,058 samples were measured for benzene in the manufacturing industry of
basic chemicals. This industry was assigned a benzene exposure rating of 3.
Conclusions: We evaluated the CARcinogen EXposure ratings across industries in Korean workers. The
results will provide information on the exposure intensity to carcinogens for integration into the K-
CAREX. Furthermore, it will aid in prioritizing control efforts and identifying industries of concern.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Occupational cancer is a pertinent global occupational health
issue. Currently, one in three individuals in the general population
is expected to be diagnosed with any type of cancer when one
survives to the age of life expectancy, and one in four individuals in
the general population die due to cancers in Korea [1].

The causes of cancer range from genetic to modifiable risk fac-
tors, such as smoking and occupation [2,3]. During working hours,

workers are exposed to thousands of harmful chemicals and
physical and biological agents, and these working conditions can
increase the risk of cancer. However, a limited number of agents
have been found to be carcinogenic, and most of the other agents
have not yet been investigated [4]. Exposure to complex chemical
mixtures or co-exposure from multiple sources, such as home,
environment, and occupation, further complicate the association
between occupational exposure and possible malignancy [5].
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Background: Occupational cancer is a global health issue. The Korean CARcinogen EXposure (K-CAREX), a
database of CARcinogen EXposure, was developed for the Korean labor force to estimate the number of
workers exposed to carcinogens by industry. The present study aimed to estimate the intensity of
exposure to carcinogens by industry, in order to supply complementary information about CARcinogen
EXposure intensity to the K-CAREX.
Methods: We used nationwide workplace monitoring data from 2014 to 2016 and selected target car-
cinogens based on the K-CAREX list. We computed the 95th percentile levels of measurements for each
industry by carcinogens. Based on the 95th percentile level relative to the occupational exposure limit,
we classified the CARcinogen EXposure intensity into five exposure ratings (1e5) for each industry.
Results: The exposure ratings were estimated for 21 carcinogenic agents in each of the 228 minor in-
dustry groups. For example, 3,058 samples were measured for benzene in the manufacturing industry of
basic chemicals. This industry was assigned a benzene exposure rating of 3.
Conclusions: We evaluated the CARcinogen EXposure ratings across industries in Korean workers. The
results will provide information on the exposure intensity to carcinogens for integration into the K-
CAREX. Furthermore, it will aid in prioritizing control efforts and identifying industries of concern.
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open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Occupational cancer is a pertinent global occupational health
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is expected to be diagnosed with any type of cancer when one
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Background: Occupational cancer is a global health issue. The Korean CARcinogen EXposure (K-CAREX), a
database of CARcinogen EXposure, was developed for the Korean labor force to estimate the number of
workers exposed to carcinogens by industry. The present study aimed to estimate the intensity of
exposure to carcinogens by industry, in order to supply complementary information about CARcinogen
EXposure intensity to the K-CAREX.
Methods: We used nationwide workplace monitoring data from 2014 to 2016 and selected target car-
cinogens based on the K-CAREX list. We computed the 95th percentile levels of measurements for each
industry by carcinogens. Based on the 95th percentile level relative to the occupational exposure limit,
we classified the CARcinogen EXposure intensity into five exposure ratings (1e5) for each industry.
Results: The exposure ratings were estimated for 21 carcinogenic agents in each of the 228 minor in-
dustry groups. For example, 3,058 samples were measured for benzene in the manufacturing industry of
basic chemicals. This industry was assigned a benzene exposure rating of 3.
Conclusions: We evaluated the CARcinogen EXposure ratings across industries in Korean workers. The
results will provide information on the exposure intensity to carcinogens for integration into the K-
CAREX. Furthermore, it will aid in prioritizing control efforts and identifying industries of concern.
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increase the risk of cancer. However, a limited number of agents
have been found to be carcinogenic, and most of the other agents
have not yet been investigated [4]. Exposure to complex chemical
mixtures or co-exposure from multiple sources, such as home,
environment, and occupation, further complicate the association
between occupational exposure and possible malignancy [5].

Dong-Hee Koh: https://orcid.org/0000-0002-2868-4411; Ju-Hyun Park: https://orcid.org/0000-0001-9675-6475; Sang-Gil Lee: https://orcid.org/0000-0001-8173-3940;
Hwan-Cheol Kim: https://orcid.org/0000-0002-3635-1297; Hyejung Jung: https://orcid.org/0000-0003-2842-8765; Inah Kim: https://orcid.org/0000-0001-9221-5831;
Sangjun Choi: https://orcid.org/0000-0001-8787-7216; Donguk Park: https://orcid.org/0000-0003-3847-7392
* Corresponding author. Department of Occupational and Environmental Medicine, International St. Mary’s Hospital, Catholic Kwandong University, 25, Simgok-to 100

Bone-Gil, Seo-Gu, Incheon, 22711, Republic of Korea.
E-mail address: koh.donghee@gmail.com (D.-H. Koh).

Contents lists available at ScienceDirect

Safety and Health at Work

journal homepage: www.e-shaw.net

2093-7911/$ e see front matter � 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).
https://doi.org/10.1016/j.shaw.2022.05.003

Safety and Health at Work 13 (2022) 308e314

배경 

기존에 개발된 한국형 K-CAREX에서는 발암물질에 노출되는 노동자 수를 추정한 바 있다. 

이 연구에서는 K-CAREX의 일원으로 산업별, 발암물질 노출 강도를 추정하고자 하였다. 

방법 

분석을 위해 2014~2016년 작업환경측정자료를 활용하였다. 산업별로 노출량의 95백분위

수(X95)를 계산하였다. X95 값을 노출기준과 비교하여 노출 강도(1~5)를 추정하였다. 

결과 

연구 결과 21개 발암물질, 228개 산업 소분류별로 노출 강도를 추정하였다. 예를 들어, 기초

화학물 제조업의 경우 3,058개의 벤젠 노출 측정치가 있었고, 이 산업에서 벤젠 노출 강도

는 3으로 추정되었다.

결론 

이 연구에서는 K-CAREX의 일환으로 발암물질 노출 강도를 추정하였다. 이 연구 결과는 발

암물질 예방의 우선순위 선정, 직업성 암 역학 연구에 활용될 수 있다.
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Background: Occupational cancer is a global health issue. The Korean CARcinogen EXposure (K-CAREX), a
database of CARcinogen EXposure, was developed for the Korean labor force to estimate the number of
workers exposed to carcinogens by industry. The present study aimed to estimate the intensity of
exposure to carcinogens by industry, in order to supply complementary information about CARcinogen
EXposure intensity to the K-CAREX.
Methods: We used nationwide workplace monitoring data from 2014 to 2016 and selected target car-
cinogens based on the K-CAREX list. We computed the 95th percentile levels of measurements for each
industry by carcinogens. Based on the 95th percentile level relative to the occupational exposure limit,
we classified the CARcinogen EXposure intensity into five exposure ratings (1e5) for each industry.
Results: The exposure ratings were estimated for 21 carcinogenic agents in each of the 228 minor in-
dustry groups. For example, 3,058 samples were measured for benzene in the manufacturing industry of
basic chemicals. This industry was assigned a benzene exposure rating of 3.
Conclusions: We evaluated the CARcinogen EXposure ratings across industries in Korean workers. The
results will provide information on the exposure intensity to carcinogens for integration into the K-
CAREX. Furthermore, it will aid in prioritizing control efforts and identifying industries of concern.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an
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1. Introduction

Occupational cancer is a pertinent global occupational health
issue. Currently, one in three individuals in the general population
is expected to be diagnosed with any type of cancer when one
survives to the age of life expectancy, and one in four individuals in
the general population die due to cancers in Korea [1].

The causes of cancer range from genetic to modifiable risk fac-
tors, such as smoking and occupation [2,3]. During working hours,

workers are exposed to thousands of harmful chemicals and
physical and biological agents, and these working conditions can
increase the risk of cancer. However, a limited number of agents
have been found to be carcinogenic, and most of the other agents
have not yet been investigated [4]. Exposure to complex chemical
mixtures or co-exposure from multiple sources, such as home,
environment, and occupation, further complicate the association
between occupational exposure and possible malignancy [5].
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Background: Occupational cancer is a global health issue. The Korean CARcinogen EXposure (K-CAREX), a
database of CARcinogen EXposure, was developed for the Korean labor force to estimate the number of
workers exposed to carcinogens by industry. The present study aimed to estimate the intensity of
exposure to carcinogens by industry, in order to supply complementary information about CARcinogen
EXposure intensity to the K-CAREX.
Methods: We used nationwide workplace monitoring data from 2014 to 2016 and selected target car-
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basic chemicals. This industry was assigned a benzene exposure rating of 3.
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environment, and occupation, further complicate the association
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Background: Occupational cancer is a global health issue. The Korean CARcinogen EXposure (K-CAREX), a
database of CARcinogen EXposure, was developed for the Korean labor force to estimate the number of
workers exposed to carcinogens by industry. The present study aimed to estimate the intensity of
exposure to carcinogens by industry, in order to supply complementary information about CARcinogen
EXposure intensity to the K-CAREX.
Methods: We used nationwide workplace monitoring data from 2014 to 2016 and selected target car-
cinogens based on the K-CAREX list. We computed the 95th percentile levels of measurements for each
industry by carcinogens. Based on the 95th percentile level relative to the occupational exposure limit,
we classified the CARcinogen EXposure intensity into five exposure ratings (1e5) for each industry.
Results: The exposure ratings were estimated for 21 carcinogenic agents in each of the 228 minor in-
dustry groups. For example, 3,058 samples were measured for benzene in the manufacturing industry of
basic chemicals. This industry was assigned a benzene exposure rating of 3.
Conclusions: We evaluated the CARcinogen EXposure ratings across industries in Korean workers. The
results will provide information on the exposure intensity to carcinogens for integration into the K-
CAREX. Furthermore, it will aid in prioritizing control efforts and identifying industries of concern.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Occupational cancer is a pertinent global occupational health
issue. Currently, one in three individuals in the general population
is expected to be diagnosed with any type of cancer when one
survives to the age of life expectancy, and one in four individuals in
the general population die due to cancers in Korea [1].

The causes of cancer range from genetic to modifiable risk fac-
tors, such as smoking and occupation [2,3]. During working hours,

workers are exposed to thousands of harmful chemicals and
physical and biological agents, and these working conditions can
increase the risk of cancer. However, a limited number of agents
have been found to be carcinogenic, and most of the other agents
have not yet been investigated [4]. Exposure to complex chemical
mixtures or co-exposure from multiple sources, such as home,
environment, and occupation, further complicate the association
between occupational exposure and possible malignancy [5].
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database of CARcinogen EXposure, was developed for the Korean labor force to estimate the number of
workers exposed to carcinogens by industry. The present study aimed to estimate the intensity of
exposure to carcinogens by industry, in order to supply complementary information about CARcinogen
EXposure intensity to the K-CAREX.
Methods: We used nationwide workplace monitoring data from 2014 to 2016 and selected target car-
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Background: This study aims to identify the safety and health risk perceptions toward the coronavirus
disease-2019 (COVID-19) pandemic based on gender in Korean university students who work and study
during the pandemic.
Methods: A nationwide convenient sampling method was implemented to eliminate any regional
characteristics in 757 university students, including those who studied while working. The participants
answered the online questionnaire for one week. The collected data were analyzed using the R version
3.4.1 program.
Results: The results comparing the safety and health risk perceptions toward COVID-19 based on the
gender of the subjects who work while studying, “I often use the Internet to obtain information on
COVID-19 infection control” are females appeared to use the internet more often (t ¼ e2.18, p ¼ 0.031)
than males. “Compared to pre-COVID-19, I am currently feeling safe after the outbreak” is females felt
less safe (t ¼ 3.43, p < 0.001). Although COVID-19 infection control awareness is high among Korean
university students and officials, males reported higher scores over females in all the questions, which
was statistically significant.
Conclusion: There should be prioritized psychological measures for prevention against COVID-19 for
vulnerable groups with high mental health risks. A network must be established to protect the mental
health of such groups, and candidates who require intervention must be actively identified and sup-
ported. Therefore, there must be efforts to deliver accurate information based on scientific evidence of
the infectious disease, and the actions should be supported through such active communication.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The type 2 severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) was labeled as coronavirus disease-2019 (COVID-19)
after human infection was reported in December 2019. More than
400,000 infected cases were reported worldwide in December
2020, causing damage to the entire international community [1,2].
Considering the number of infected patients, including those who
have not been officially counted, and the number of increasing

cases of infection and fatality, the danger of COVID-19 has been
historically unprecedented.

The safety and health risk perceptions are affected by psycho-
logical, social, and political factors [3]. A plethora of social infor-
mation relevant to infectious diseases becomes available to the
public during emergencies that threaten their safety and health,
such as the spread of contagious diseases. Newspapers or news on
television were traditionally the key sources of information, how-
ever, with the increased usage of social media in recent years, the
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Background: This study aims to identify the safety and health risk perceptions toward the coronavirus
disease-2019 (COVID-19) pandemic based on gender in Korean university students who work and study
during the pandemic.
Methods: A nationwide convenient sampling method was implemented to eliminate any regional
characteristics in 757 university students, including those who studied while working. The participants
answered the online questionnaire for one week. The collected data were analyzed using the R version
3.4.1 program.
Results: The results comparing the safety and health risk perceptions toward COVID-19 based on the
gender of the subjects who work while studying, “I often use the Internet to obtain information on
COVID-19 infection control” are females appeared to use the internet more often (t ¼ e2.18, p ¼ 0.031)
than males. “Compared to pre-COVID-19, I am currently feeling safe after the outbreak” is females felt
less safe (t ¼ 3.43, p < 0.001). Although COVID-19 infection control awareness is high among Korean
university students and officials, males reported higher scores over females in all the questions, which
was statistically significant.
Conclusion: There should be prioritized psychological measures for prevention against COVID-19 for
vulnerable groups with high mental health risks. A network must be established to protect the mental
health of such groups, and candidates who require intervention must be actively identified and sup-
ported. Therefore, there must be efforts to deliver accurate information based on scientific evidence of
the infectious disease, and the actions should be supported through such active communication.
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배경 

이 연구는 코로나바이러스감염증-19(COVID-19) 팬데믹 상황에서 한국 내 일병행 대학생의 

성별에 따른 안전 및 보건 위험 인식도를 파악하는 것을 목적으로 한다. 

방법 

지역적 특성을 배제한 전국 757명의 대학생을 대상으로 설문조사를 실시하였으며, 조사 기

간 일주일 동안 온라인 설문지에 응답하였고, 수집된 데이터는 R 버전 3.4.1 프로그램을 활

용하여 분석하였다.

결과 

COVID-19에 대한 성별에 따른 안전보건 위험 인식도를 분석한 결과, 첫째, “COVID-19 감

염관리 정보를 얻기 위해 인터넷을 자주 이용한다.”라는 항목에 관해서는 여성이 남성보다 

인터넷을 더 자주 이용하여 감염정보를 얻는 것으로 나타났다(t = -2.18, p = 0.031). 둘째, 

“COVID-19 발생 전과 비교하였을 때, COVID-19 발생 후 현재 나는 안전하다고 느낀다.”라

는 항목은 여성이 남성보다 덜 안전하게 느끼는 것으로 나타났다(t = 3.43, p < 0.001). 한

국 내 대학생과 관계자들 COVID-19 감염관리 상황에 대해서는 높은 것으로 나타났다. 특히 

감염관리 문항에서는 남성이 여성보다 높은 점수를 보였으며, 이는 통계적으로 유의한 결과

로 분석되었다.

결론 

COVID-19 예방을 위해서는 정신건강 위험이 높은 취약 계층에 대한 심리적 조치가 우선되

어야 한다. 이를 위해 이들의 정신건강을 보호하기 위한 네트워크가 구축되어야 하며, 특히 

도움이 필요한 사람들을 적극적으로 발굴하여 지원해야 한다. 따라서 감염병에 대한 과학적 

근거를 바탕으로 정확한 정보를 공유하고, 이러한 적극적인 소통을 통해 감염병 예방 조치

를 시행해야 한다.

21.  한국 대학생의 성별에 따른 COVID-19 팬데믹에 대한 안전보건 
위험 인식 비교: 일병행 대학생을 중심으로
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Background: This study aims to identify the safety and health risk perceptions toward the coronavirus
disease-2019 (COVID-19) pandemic based on gender in Korean university students who work and study
during the pandemic.
Methods: A nationwide convenient sampling method was implemented to eliminate any regional
characteristics in 757 university students, including those who studied while working. The participants
answered the online questionnaire for one week. The collected data were analyzed using the R version
3.4.1 program.
Results: The results comparing the safety and health risk perceptions toward COVID-19 based on the
gender of the subjects who work while studying, “I often use the Internet to obtain information on
COVID-19 infection control” are females appeared to use the internet more often (t ¼ e2.18, p ¼ 0.031)
than males. “Compared to pre-COVID-19, I am currently feeling safe after the outbreak” is females felt
less safe (t ¼ 3.43, p < 0.001). Although COVID-19 infection control awareness is high among Korean
university students and officials, males reported higher scores over females in all the questions, which
was statistically significant.
Conclusion: There should be prioritized psychological measures for prevention against COVID-19 for
vulnerable groups with high mental health risks. A network must be established to protect the mental
health of such groups, and candidates who require intervention must be actively identified and sup-
ported. Therefore, there must be efforts to deliver accurate information based on scientific evidence of
the infectious disease, and the actions should be supported through such active communication.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The type 2 severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) was labeled as coronavirus disease-2019 (COVID-19)
after human infection was reported in December 2019. More than
400,000 infected cases were reported worldwide in December
2020, causing damage to the entire international community [1,2].
Considering the number of infected patients, including those who
have not been officially counted, and the number of increasing

cases of infection and fatality, the danger of COVID-19 has been
historically unprecedented.

The safety and health risk perceptions are affected by psycho-
logical, social, and political factors [3]. A plethora of social infor-
mation relevant to infectious diseases becomes available to the
public during emergencies that threaten their safety and health,
such as the spread of contagious diseases. Newspapers or news on
television were traditionally the key sources of information, how-
ever, with the increased usage of social media in recent years, the
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during the pandemic.
Methods: A nationwide convenient sampling method was implemented to eliminate any regional
characteristics in 757 university students, including those who studied while working. The participants
answered the online questionnaire for one week. The collected data were analyzed using the R version
3.4.1 program.
Results: The results comparing the safety and health risk perceptions toward COVID-19 based on the
gender of the subjects who work while studying, “I often use the Internet to obtain information on
COVID-19 infection control” are females appeared to use the internet more often (t ¼ e2.18, p ¼ 0.031)
than males. “Compared to pre-COVID-19, I am currently feeling safe after the outbreak” is females felt
less safe (t ¼ 3.43, p < 0.001). Although COVID-19 infection control awareness is high among Korean
university students and officials, males reported higher scores over females in all the questions, which
was statistically significant.
Conclusion: There should be prioritized psychological measures for prevention against COVID-19 for
vulnerable groups with high mental health risks. A network must be established to protect the mental
health of such groups, and candidates who require intervention must be actively identified and sup-
ported. Therefore, there must be efforts to deliver accurate information based on scientific evidence of
the infectious disease, and the actions should be supported through such active communication.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The type 2 severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) was labeled as coronavirus disease-2019 (COVID-19)
after human infection was reported in December 2019. More than
400,000 infected cases were reported worldwide in December
2020, causing damage to the entire international community [1,2].
Considering the number of infected patients, including those who
have not been officially counted, and the number of increasing

cases of infection and fatality, the danger of COVID-19 has been
historically unprecedented.

The safety and health risk perceptions are affected by psycho-
logical, social, and political factors [3]. A plethora of social infor-
mation relevant to infectious diseases becomes available to the
public during emergencies that threaten their safety and health,
such as the spread of contagious diseases. Newspapers or news on
television were traditionally the key sources of information, how-
ever, with the increased usage of social media in recent years, the
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Background: This study aims to identify the safety and health risk perceptions toward the coronavirus
disease-2019 (COVID-19) pandemic based on gender in Korean university students who work and study
during the pandemic.
Methods: A nationwide convenient sampling method was implemented to eliminate any regional
characteristics in 757 university students, including those who studied while working. The participants
answered the online questionnaire for one week. The collected data were analyzed using the R version
3.4.1 program.
Results: The results comparing the safety and health risk perceptions toward COVID-19 based on the
gender of the subjects who work while studying, “I often use the Internet to obtain information on
COVID-19 infection control” are females appeared to use the internet more often (t ¼ e2.18, p ¼ 0.031)
than males. “Compared to pre-COVID-19, I am currently feeling safe after the outbreak” is females felt
less safe (t ¼ 3.43, p < 0.001). Although COVID-19 infection control awareness is high among Korean
university students and officials, males reported higher scores over females in all the questions, which
was statistically significant.
Conclusion: There should be prioritized psychological measures for prevention against COVID-19 for
vulnerable groups with high mental health risks. A network must be established to protect the mental
health of such groups, and candidates who require intervention must be actively identified and sup-
ported. Therefore, there must be efforts to deliver accurate information based on scientific evidence of
the infectious disease, and the actions should be supported through such active communication.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The type 2 severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) was labeled as coronavirus disease-2019 (COVID-19)
after human infection was reported in December 2019. More than
400,000 infected cases were reported worldwide in December
2020, causing damage to the entire international community [1,2].
Considering the number of infected patients, including those who
have not been officially counted, and the number of increasing
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The safety and health risk perceptions are affected by psycho-
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Background: This study aims to identify the safety and health risk perceptions toward the coronavirus
disease-2019 (COVID-19) pandemic based on gender in Korean university students who work and study
during the pandemic.
Methods: A nationwide convenient sampling method was implemented to eliminate any regional
characteristics in 757 university students, including those who studied while working. The participants
answered the online questionnaire for one week. The collected data were analyzed using the R version
3.4.1 program.
Results: The results comparing the safety and health risk perceptions toward COVID-19 based on the
gender of the subjects who work while studying, “I often use the Internet to obtain information on
COVID-19 infection control” are females appeared to use the internet more often (t ¼ e2.18, p ¼ 0.031)
than males. “Compared to pre-COVID-19, I am currently feeling safe after the outbreak” is females felt
less safe (t ¼ 3.43, p < 0.001). Although COVID-19 infection control awareness is high among Korean
university students and officials, males reported higher scores over females in all the questions, which
was statistically significant.
Conclusion: There should be prioritized psychological measures for prevention against COVID-19 for
vulnerable groups with high mental health risks. A network must be established to protect the mental
health of such groups, and candidates who require intervention must be actively identified and sup-
ported. Therefore, there must be efforts to deliver accurate information based on scientific evidence of
the infectious disease, and the actions should be supported through such active communication.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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The type 2 severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) was labeled as coronavirus disease-2019 (COVID-19)
after human infection was reported in December 2019. More than
400,000 infected cases were reported worldwide in December
2020, causing damage to the entire international community [1,2].
Considering the number of infected patients, including those who
have not been officially counted, and the number of increasing
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historically unprecedented.

The safety and health risk perceptions are affected by psycho-
logical, social, and political factors [3]. A plethora of social infor-
mation relevant to infectious diseases becomes available to the
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Background: This study aims to identify the safety and health risk perceptions toward the coronavirus
disease-2019 (COVID-19) pandemic based on gender in Korean university students who work and study
during the pandemic.
Methods: A nationwide convenient sampling method was implemented to eliminate any regional
characteristics in 757 university students, including those who studied while working. The participants
answered the online questionnaire for one week. The collected data were analyzed using the R version
3.4.1 program.
Results: The results comparing the safety and health risk perceptions toward COVID-19 based on the
gender of the subjects who work while studying, “I often use the Internet to obtain information on
COVID-19 infection control” are females appeared to use the internet more often (t ¼ e2.18, p ¼ 0.031)
than males. “Compared to pre-COVID-19, I am currently feeling safe after the outbreak” is females felt
less safe (t ¼ 3.43, p < 0.001). Although COVID-19 infection control awareness is high among Korean
university students and officials, males reported higher scores over females in all the questions, which
was statistically significant.
Conclusion: There should be prioritized psychological measures for prevention against COVID-19 for
vulnerable groups with high mental health risks. A network must be established to protect the mental
health of such groups, and candidates who require intervention must be actively identified and sup-
ported. Therefore, there must be efforts to deliver accurate information based on scientific evidence of
the infectious disease, and the actions should be supported through such active communication.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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after human infection was reported in December 2019. More than
400,000 infected cases were reported worldwide in December
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a b s t r a c t

Background: Refractory ceramic fibers (RCFs) are a suspected carcinogen but have been widely used as
insulations. Depending on the temperature, RCFs can transform into crystalline SiO2, which is a
carcinogen that can be present in the air during bulk RCF handling. This study analyzed the physico-
chemical and morphological characteristics of RCFs at high temperatures and determined the exposure
levels during the semiconductor scrubber maintenance.
Methods: Sampling was conducted at a company that manufactures semiconductor scrubbers using RCFs
as insulation. Bulk RCF samples were collected both before and after exposure to a scrubber temperature
of 700�C. Airborne RCFs were collected during scrubber maintenance, and their characteristics were
analyzed using microscopes.
Results: The components of bulk RCFs were SiO2 and Al2O3, having an amorphous structure. Airborne
RCFs were morphologically different from bulk RCFs in size, which could negatively affect maintenance
workers’ health. 58% of airborne RCFs correspond to the size of thoracic and respirable fibers. RCFs did
not crystallize at high temperatures. The exposure caused by airborne RCFs during the scrubber frame
assembly and insulation replacement was higher than the occupational exposure limit.
Conclusion: Workers conducting insulation replacement are likely exposed to airborne RCFs above safe
exposure limits. As RCFs are suspected carcinogens, this exposure should be minimized through pre-
vention and precautionary procedures.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Asbestos has been used in residential environments and in-
dustries for a long time, owing to its heat resistance and durability
[1]. Since the carcinogenic threat of asbestos to humans was
discovered, man-made vitreous fibers (MMVFs) have been used as a
safe substitute [2]. MMVFs can be categorized into various types,
such as glass wool, rock wool, and refractory ceramic fibers (RCFs),
depending on their chemical composition. Of these, RCFs are fibers
that contain silicon dioxide (SiO2) and aluminum oxide (Al2O3) as
their main components [3]. Compared to other MMVFs, RCFs have
greater success in high-temperature environments, i.e., 1000 �C or

higher, owing to the presence of Al2O3, which accounts for more
than 40% of the RCF’s chemical composition [4].

Depending on the method of manufacturing, RCFs can be made
either as blanket or roll insulations; these forms consist of indi-
vidual fibers extruded in long structures with small diameters [5].
Workers may be exposed to these fibers when handling RCFs,
despite the fact that RCFs are classified as Group 2B substances (a
suspected carcinogenic agent that can cause lung disease if inhaled
by humans) by the International Agency for Research on Cancer
(IARC). The diameter of bulk RCFs is between 1.2e3 mm, which is
smaller than that of other MMVFs [3,4]. These fibers, therefore, get
deposited into the alveoli upon inhalation and may have the po-
tential to cause adverse health effects [3,6].
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배경 

발암성 의심물질인 내화성 세라믹 섬유(refractory ceramic fibers, RCFs)는 고온작업환경

에서 단열재로 사용된다. RCFs는 노출 온도에 따라 발암성 물질인 결정형 SiO2로 결정화될 

수 있으며, 노동자가 RCFs 고형시료를 취급하는 과정에서 공기 중으로 RCFs가 비산될 수 

있다. 이 연구에서는 고온에서 RCFs의 물리화학적, 형태학적 특성을 확인하고 스크러버 유

지보수 공정 내 작업별 공기 중 RCFs의 노출 수준을 평가하였다.

방법 

RCFs를 단열재로 사용하는 반도체 스크러버 제조 사업장에서 시료를 채취하였다. 고형시료

는 스크러버 온도조건인 700℃ 노출 전, 후의 RCFs를 채취하였다. 공기 중 RCFs는 스크러

버 유지보수 공정에서 작업시간 동안 채취하였다. 채취한 시료는 현미경 분석을 통해 특성 

및 노출 수준을 확인하였다.

결과 

RCFs 고형시료의 주요 화학적 구성 성분은 SiO2와 Al2O3이었으며 결정구조는 비결정이었다. 

공기 중 RCFs는 고형시료와 형태학적으로 차이가 있었는데 58%가 흉곽성, 호흡성 섬유상 물

질의 크기로 노동자의 건강에 악영향을 미칠 수 있는 크기였다. RCFs는 고온에서 결정화되지 

않았다. 공기 중 RCFs 노출은 스크러버 프레임 조립과 단열재 교체 작업에서 확인되었으며, 

단열재 교체 작업을 할 때 확인된 공기 중 RCFs 농도는 직업적 노출 기준 이상이었다.

결론 

단열재 교체 작업을 하는 노동자는 노출 기준 이상으로 공기 중 RCFs에 노출될 수 있다. 

RCFs는 발암성 의심물질이기 때문에 예방과 사전주의 원칙을 통해 노동자의 RCFs 노출을 

최소화해야 한다.

22.  반도체 스크러버 제조 사업장에서 내화성 세라믹 섬유의 
직업적 노출평가
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Background: Refractory ceramic fibers (RCFs) are a suspected carcinogen but have been widely used as
insulations. Depending on the temperature, RCFs can transform into crystalline SiO2, which is a
carcinogen that can be present in the air during bulk RCF handling. This study analyzed the physico-
chemical and morphological characteristics of RCFs at high temperatures and determined the exposure
levels during the semiconductor scrubber maintenance.
Methods: Sampling was conducted at a company that manufactures semiconductor scrubbers using RCFs
as insulation. Bulk RCF samples were collected both before and after exposure to a scrubber temperature
of 700�C. Airborne RCFs were collected during scrubber maintenance, and their characteristics were
analyzed using microscopes.
Results: The components of bulk RCFs were SiO2 and Al2O3, having an amorphous structure. Airborne
RCFs were morphologically different from bulk RCFs in size, which could negatively affect maintenance
workers’ health. 58% of airborne RCFs correspond to the size of thoracic and respirable fibers. RCFs did
not crystallize at high temperatures. The exposure caused by airborne RCFs during the scrubber frame
assembly and insulation replacement was higher than the occupational exposure limit.
Conclusion: Workers conducting insulation replacement are likely exposed to airborne RCFs above safe
exposure limits. As RCFs are suspected carcinogens, this exposure should be minimized through pre-
vention and precautionary procedures.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Asbestos has been used in residential environments and in-
dustries for a long time, owing to its heat resistance and durability
[1]. Since the carcinogenic threat of asbestos to humans was
discovered, man-made vitreous fibers (MMVFs) have been used as a
safe substitute [2]. MMVFs can be categorized into various types,
such as glass wool, rock wool, and refractory ceramic fibers (RCFs),
depending on their chemical composition. Of these, RCFs are fibers
that contain silicon dioxide (SiO2) and aluminum oxide (Al2O3) as
their main components [3]. Compared to other MMVFs, RCFs have
greater success in high-temperature environments, i.e., 1000 �C or

higher, owing to the presence of Al2O3, which accounts for more
than 40% of the RCF’s chemical composition [4].

Depending on the method of manufacturing, RCFs can be made
either as blanket or roll insulations; these forms consist of indi-
vidual fibers extruded in long structures with small diameters [5].
Workers may be exposed to these fibers when handling RCFs,
despite the fact that RCFs are classified as Group 2B substances (a
suspected carcinogenic agent that can cause lung disease if inhaled
by humans) by the International Agency for Research on Cancer
(IARC). The diameter of bulk RCFs is between 1.2e3 mm, which is
smaller than that of other MMVFs [3,4]. These fibers, therefore, get
deposited into the alveoli upon inhalation and may have the po-
tential to cause adverse health effects [3,6].
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Background: Refractory ceramic fibers (RCFs) are a suspected carcinogen but have been widely used as
insulations. Depending on the temperature, RCFs can transform into crystalline SiO2, which is a
carcinogen that can be present in the air during bulk RCF handling. This study analyzed the physico-
chemical and morphological characteristics of RCFs at high temperatures and determined the exposure
levels during the semiconductor scrubber maintenance.
Methods: Sampling was conducted at a company that manufactures semiconductor scrubbers using RCFs
as insulation. Bulk RCF samples were collected both before and after exposure to a scrubber temperature
of 700�C. Airborne RCFs were collected during scrubber maintenance, and their characteristics were
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carcinogen that can be present in the air during bulk RCF handling. This study analyzed the physico-
chemical and morphological characteristics of RCFs at high temperatures and determined the exposure
levels during the semiconductor scrubber maintenance.
Methods: Sampling was conducted at a company that manufactures semiconductor scrubbers using RCFs
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carcinogen that can be present in the air during bulk RCF handling. This study analyzed the physico-
chemical and morphological characteristics of RCFs at high temperatures and determined the exposure
levels during the semiconductor scrubber maintenance.
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as insulation. Bulk RCF samples were collected both before and after exposure to a scrubber temperature
of 700�C. Airborne RCFs were collected during scrubber maintenance, and their characteristics were
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of 700�C. Airborne RCFs were collected during scrubber maintenance, and their characteristics were
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배경

온라인 음식 배달 사업의 급속한 성장과 함께 관련 교통사고 및 부상이 증가함에 따라 음식 

배달 오토바이 운전자의 직업 안전 문제가 대두되고 있다. 이 연구에서는 음식 배달 오토바

이 운전자의 직무 스트레스에 초점을 맞추고 그 전조증상 및 위험한 운전과의 관계를 조사

하였다.

방법

대만의 279명의 음식 배달 오토바이 운전자로부터 설문 조사를 시행하여 데이터를 수집하

였고, 계층 회귀 분석을 통해 분석하였다.

결과

연구 결과, 업무 과부하와 시간 압박은 오토바이 운전자의 직무 스트레스를 증가시키지만, 

자기효능감은 직무 스트레스를 약간 감소시키는 것으로 나타났다. 직무 스트레스는 위험한 

운전 행동과 주의력 분산으로 이어진다. 또한, 시간 압박은 업무 과부하가 직무 스트레스에 

미치는 영향을 강화할 수 있다. 오토바이 운전자의 위험한 운전 태도는 위험한 운전 행동과 

주의 산만에 직무 스트레스의 영향을 강화할 수 있다.

결론

이 연구는 온라인 음식 배달에 관련된 문헌을 발전시키고 음식 배달 오토바이 운전자의 직

업 안전 개선에 기여한다. 특히 이 연구는 음식 배달 오토바이 운전자의 직무 스트레스와 직

무 특성 및 위험한 행동 결과의 영향에 대한 통찰력을 제공한다.

23.  음식 배달 오토바이 운전자의 주의 산만과 위험한 운전 행동에 
대한 직무 스트레스의 영향 조사
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a b s t r a c t

Background: Occupational safety issues related to food delivery riders emerge with evidence of an in-
crease in associated traffic accidents and injuries along with the rapid growth of the online food delivery
business. This paper focuses on food delivery riders’ job stress and investigates its relationships with
both antecedents and risky riding outcomes.
Method: Survey data were collected from 279 Taiwanese food delivery motorcycle riders and analyzed
using hierarchical regression analysis.
Results: The results show that job overload and time pressure positively impact riders’ job stress, while
self-efficacy slightly reduces job stress. Job stress positively leads to risky driving behavior and
distraction. In addition, time pressure can strengthen the impact of job overload on job stress. Riders’
risky riding attitude can also strengthen the impacts of job stress on risky riding behaviors and
distraction.
Conclusion: This paper advances the literature on online food delivery as well as the occupational safety
improvement of food delivery riders. Specifically, this study provides insights into the job stress of food
delivery motorcycle riders and the effects of job characteristics and risky behavioral consequences.
� 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research

Institute, Korea Occupational Safety and Health Agency. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Due to disruptive innovation via information and communica-
tions technologies (ICT) and the prevalence of the sharing economy,
online-order food delivery services have emerged as a novel busi-
ness model worldwide. Food delivery riders act as frontline em-
ployees for the “last mile link” of the supply to deal with the offline
process of delivering foods and others ordered online to customers
by mopeds or scooters [1]. The number of food delivery riders is
significantly large in several Asian countries. For instance, there are
almost 4 million delivery riders employed by Meituan Waimai, a
major food delivery company in China [2]. Since the outbreak of
coronavirus disease 2019 (COVID-19) in 2020, reliance on food
delivery services has rapidly increased, accordingly not only
creating more job opportunities but also increasing workload for
food delivery drivers as well as increasing infection risk [3]. Along
with the vast growth of the online food delivery business, occu-
pational safety issues related to food delivery riders have attracted
attention with an increasing trend associated with traffic accidents
and injuries. For instance, the percentage of motorcycle riders at

fault increased from 31.0% in 2017 to 61.1% in 2020 of all traffic
accidents involving food delivery motorcycle riders in Taiwan [4].
Additionally, running red lights and speeding accounted for 81% of
all types of traffic violations for delivery motorcycle riders in 2010
in Taiwan [4]. This study is hence motivated to investigate the job
stress of food delivery motorcycle riders and its affecting factors of
job characteristics and behavioral consequences. Specifically, job
stress pertains to the long-term exhaustion from, and diminished
interest in, the work undertaken, such as emotional exhaustion,
burnout, or fatigue. Job stress has been found to be significantly
related to the preference for risky driving among professional
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Background: Occupational safety issues related to food delivery riders emerge with evidence of an in-
crease in associated traffic accidents and injuries along with the rapid growth of the online food delivery
business. This paper focuses on food delivery riders’ job stress and investigates its relationships with
both antecedents and risky riding outcomes.
Method: Survey data were collected from 279 Taiwanese food delivery motorcycle riders and analyzed
using hierarchical regression analysis.
Results: The results show that job overload and time pressure positively impact riders’ job stress, while
self-efficacy slightly reduces job stress. Job stress positively leads to risky driving behavior and
distraction. In addition, time pressure can strengthen the impact of job overload on job stress. Riders’
risky riding attitude can also strengthen the impacts of job stress on risky riding behaviors and
distraction.
Conclusion: This paper advances the literature on online food delivery as well as the occupational safety
improvement of food delivery riders. Specifically, this study provides insights into the job stress of food
delivery motorcycle riders and the effects of job characteristics and risky behavioral consequences.
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by mopeds or scooters [1]. The number of food delivery riders is
significantly large in several Asian countries. For instance, there are
almost 4 million delivery riders employed by Meituan Waimai, a
major food delivery company in China [2]. Since the outbreak of
coronavirus disease 2019 (COVID-19) in 2020, reliance on food
delivery services has rapidly increased, accordingly not only
creating more job opportunities but also increasing workload for
food delivery drivers as well as increasing infection risk [3]. Along
with the vast growth of the online food delivery business, occu-
pational safety issues related to food delivery riders have attracted
attention with an increasing trend associated with traffic accidents
and injuries. For instance, the percentage of motorcycle riders at

fault increased from 31.0% in 2017 to 61.1% in 2020 of all traffic
accidents involving food delivery motorcycle riders in Taiwan [4].
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interest in, the work undertaken, such as emotional exhaustion,
burnout, or fatigue. Job stress has been found to be significantly
related to the preference for risky driving among professional
drivers [6,23]. To reflect the working condition of completing many
delivery tasks in a limited time, we consider both job overload and
time pressure as the dimensions of job demands. Self-efficacy is
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crease in associated traffic accidents and injuries along with the rapid growth of the online food delivery
business. This paper focuses on food delivery riders’ job stress and investigates its relationships with
both antecedents and risky riding outcomes.
Method: Survey data were collected from 279 Taiwanese food delivery motorcycle riders and analyzed
using hierarchical regression analysis.
Results: The results show that job overload and time pressure positively impact riders’ job stress, while
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distraction. In addition, time pressure can strengthen the impact of job overload on job stress. Riders’
risky riding attitude can also strengthen the impacts of job stress on risky riding behaviors and
distraction.
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in Taiwan [4]. This study is hence motivated to investigate the job
stress of food delivery motorcycle riders and its affecting factors of
job characteristics and behavioral consequences. Specifically, job
stress pertains to the long-term exhaustion from, and diminished
interest in, the work undertaken, such as emotional exhaustion,
burnout, or fatigue. Job stress has been found to be significantly
related to the preference for risky driving among professional
drivers [6,23]. To reflect the working condition of completing many
delivery tasks in a limited time, we consider both job overload and
time pressure as the dimensions of job demands. Self-efficacy is
operationalized to represent riders’ personal resources with
respect to positive self-evaluations to control the working condi-
tions and to reduce job stress. Risky driving behavior and distrac-
tion are examined as the two behavioral consequences of job stress.
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crease in associated traffic accidents and injuries along with the rapid growth of the online food delivery
business. This paper focuses on food delivery riders’ job stress and investigates its relationships with
both antecedents and risky riding outcomes.
Method: Survey data were collected from 279 Taiwanese food delivery motorcycle riders and analyzed
using hierarchical regression analysis.
Results: The results show that job overload and time pressure positively impact riders’ job stress, while
self-efficacy slightly reduces job stress. Job stress positively leads to risky driving behavior and
distraction. In addition, time pressure can strengthen the impact of job overload on job stress. Riders’
risky riding attitude can also strengthen the impacts of job stress on risky riding behaviors and
distraction.
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stress pertains to the long-term exhaustion from, and diminished
interest in, the work undertaken, such as emotional exhaustion,
burnout, or fatigue. Job stress has been found to be significantly
related to the preference for risky driving among professional
drivers [6,23]. To reflect the working condition of completing many
delivery tasks in a limited time, we consider both job overload and
time pressure as the dimensions of job demands. Self-efficacy is
operationalized to represent riders’ personal resources with
respect to positive self-evaluations to control the working condi-
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Background: This study aimed to explore relationships between job stress and psychological adaptation
and how they related to interpersonal needs through mood states among female migrant manufacturing
workers.
Methods: A cross-sectional survey was conducted in 16 factories in Shenzhen, China. Sociodemographic,
job stress, psychological adaptation and other psychological information of was collected. Structural
equation modeling was performed to delineate the internal relationship between variables.
Results: The hypothetical structural equation model exhibited acceptable model fit among female
migrant manufacturing workers (c2 ¼ 11.635, df ¼ 2, c2/df ¼ 5.82, p ¼ 0.003, RMSEA ¼ 0.090,
CFI ¼ 0.972, SRMR ¼ 0.020). Job stress was directly associated with mood states and interpersonal needs;
Psychological adaptation was directly associated with mood states and indirectly associated with
interpersonal needs; Bootstrapping tests demonstrated mediation effect of mood states in the way from
psychological adaptation to interpersonal needs.
Conclusion: Female migrant manufacturing workers who suffered stress from job and the process of
psychological adaptation may have worse mood states and workers with worse mood states are more
likely to develop unmet interpersonal needs, a proximal factor of suicidal ideation.
� 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research

Institute, Korea Occupational Safety and Health Agency. This is an open access article under the CC BY-
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1. Background

Migrant workers are a group of workers to be reckoned with
under the background of globalization. In some developing areas
with rapidly expanding economy, problems comingwith increasing
population of migrant workers were serious, and health-related
issues were commonly concluded in social surveys. Migrant
workers may deal with unfair income, weaker health insurance

guarantee, poorer healthy literacy and worse mental health as well
as higher intention to suicidal ideation [1,2]. China has been
approaching this kind of dilemma since internal migration is
growing larger these years. Due to Hukou, a typical policy related to
household registration system in China which limits people’s
registered residency, migrant workers in China are more vulnerable
in health-resource allocation compared with local counterparts.
According to Porru’s literature review, clinical data showed that
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배경  이 연구는 제조업 여성 이주노동자의 기분 상태를 통해 직무 스트레스와 심리적 적응 
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Background: This study aimed to explore relationships between job stress and psychological adaptation
and how they related to interpersonal needs through mood states among female migrant manufacturing
workers.
Methods: A cross-sectional survey was conducted in 16 factories in Shenzhen, China. Sociodemographic,
job stress, psychological adaptation and other psychological information of was collected. Structural
equation modeling was performed to delineate the internal relationship between variables.
Results: The hypothetical structural equation model exhibited acceptable model fit among female
migrant manufacturing workers (c2 ¼ 11.635, df ¼ 2, c2/df ¼ 5.82, p ¼ 0.003, RMSEA ¼ 0.090,
CFI ¼ 0.972, SRMR ¼ 0.020). Job stress was directly associated with mood states and interpersonal needs;
Psychological adaptation was directly associated with mood states and indirectly associated with
interpersonal needs; Bootstrapping tests demonstrated mediation effect of mood states in the way from
psychological adaptation to interpersonal needs.
Conclusion: Female migrant manufacturing workers who suffered stress from job and the process of
psychological adaptation may have worse mood states and workers with worse mood states are more
likely to develop unmet interpersonal needs, a proximal factor of suicidal ideation.
� 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research
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1. Background

Migrant workers are a group of workers to be reckoned with
under the background of globalization. In some developing areas
with rapidly expanding economy, problems comingwith increasing
population of migrant workers were serious, and health-related
issues were commonly concluded in social surveys. Migrant
workers may deal with unfair income, weaker health insurance

guarantee, poorer healthy literacy and worse mental health as well
as higher intention to suicidal ideation [1,2]. China has been
approaching this kind of dilemma since internal migration is
growing larger these years. Due to Hukou, a typical policy related to
household registration system in China which limits people’s
registered residency, migrant workers in China are more vulnerable
in health-resource allocation compared with local counterparts.
According to Porru’s literature review, clinical data showed that
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a b s t r a c t

Background: Firefighters are required to carry self-contained breathing apparatus (SCBA), which in-
creases the risk of musculoskeletal disorders. This study assessed the newly recruited firefighters’ in-
ternal forces and potential musculoskeletal disorders when carrying SCBA. The effects of SCBA strap
lengths were also evaluated.
Methods: Kinematic parameters of twelve male subjects running in a control condition with no SCBA
equipped and three varying-strapped SCBAs were measured using 3D inertial motion capture. Subse-
quently, motion data and predicted ground reaction force were inputted for subject-specific musculo-
skeletal modeling to estimate joint and muscle forces.
Results: The knee was exposed to the highest internal force when carrying SCBA, followed by the rectus
femoris and hip, while the shoulder had the lowest force compared to the no-SCBA condition. Our model
also revealed that adjusting SCBA straps length was an efficient strategy to influence the force that
occurred at the lumbar spine, hip, and knee regions. Grey relation analysis indicated that the deviation of
the center of mass, step length, and knee flexion-extension angle could be used as the predictor of
musculoskeletal disorders.
Conclusion: The finding suggested that the training of the newly recruits focuses on the coordinated
movement of muscle and joints in the lower limb. The strap lengths around 98-105 cm were also rec-
ommended. The findings are expected to provide injury interventions to enhance the occupational
health and safety of the newly recruited firefighters.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Musculoskeletal injuries (MSDs) in firefighters, such as sprain,
strain, and muscle pains, are the most common on-duty injuries
(43e62% of all injuries), which is greater than burn injuries (7%),
thermal stress (6%), and toxic gas inhalation (4%) [1,2]. Accidents
due to MSDs typically account for the longer work absences for
firefighters and higher medical costs than other injuries [3]. The
high incidence of firefighters’ MSDs is attributed to the excessive
joint force and muscle tension to counteract load acts on the
musculoskeletal system (bone, nerve, tendon, muscle, and

ligament), which generates microscopic fatigue damage in the form
of cellular and extracellular degeneration. In particular, the newly
recruited firefighters who have no work and training experience
were 10 times more likely to be injured than a more experienced
firefighter due to a mismatch in physical capability versus applied
tissue loading [4]. Therefore, injury assessment and interventions
focused on the newly recruited firefighters are necessary.

Biomechanical risk factors for causing MSDs include load car-
riage, awkward posture, forceful exertion, and repetitive move-
ments [5]. Several studies have reported that firefighters’MSDs are
influenced by heavy and bulky personal protective equipment
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배경

소방관들은 자급식 호흡기(SCBA)를 휴대해야 하므로 근골격계 질환의 위험이 증가한다. 이 

연구는 새로 채용된 소방관들이 자급식 호흡기를 착용할 때의 내력과 잠재적인 근골격계 질

환을 평가하였다. 또한, 자급식 호흡기 스트랩 길이의 영향도 평가하였다.

방법

3D 관성 모션 캡처를 사용하여 자급식 호흡기를 착용하지 않은 대조군과 다양한 길이의 자

급식 호흡기를 착용한 상태에서 달리는 12명의 남성 실험군의 운동학적 파라미터를 측정

하였다. 그 후, 실험군별 근골격계 모델링을 위해 모션 데이터와 예측된 지면 반력(reaction 

force)을 입력하여 관절과 근육의 힘을 추정했다.

결과

자급식 호흡기를 착용하였을 때 무릎이 가장 큰 내력에 노출되었고, 대퇴직근과 고관절이 

그 뒤를 이었으며, 어깨는 자급식 호흡기를 착용하지 않은 상태와 비교하였을 때 가장 적은 

힘을 받았다. 또한, 자급식 호흡기의 스트랩 길이를 조절하는 것이 요추, 고관절, 무릎 부위

에서 발생하는 힘에 영향을 미치는 효율적인 전략이라는 사실이 밝혀졌다. 회색 관계 분석 

결과 질량 중심, 보폭(step length), 무릎 굴곡-신전 각도의 편차가 근골격계 질환의 예측 인

자로 사용될 수 있는 것으로 나타났다. 

결론

연구 결과에 따르면 신임 소방관 훈련은 하지의 근육과 관절의 조화로운 움직임에 중점을 

두어야 한다. 또한, 스트랩 길이는 약 98~105 cm가 권장되었다. 이 연구 결과는 신임 소방

관의 산업안전보건을 향상시켜 부상 예방에 긍정적인 영향을 미칠 것으로 기대된다.

25.  소방관의 내력(internal force)에 대한 근골격계 모델과 자급식 
호흡기 이송장치를 사용하는 동안의 업무상 근골격계 질환
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Background: Firefighters are required to carry self-contained breathing apparatus (SCBA), which in-
creases the risk of musculoskeletal disorders. This study assessed the newly recruited firefighters’ in-
ternal forces and potential musculoskeletal disorders when carrying SCBA. The effects of SCBA strap
lengths were also evaluated.
Methods: Kinematic parameters of twelve male subjects running in a control condition with no SCBA
equipped and three varying-strapped SCBAs were measured using 3D inertial motion capture. Subse-
quently, motion data and predicted ground reaction force were inputted for subject-specific musculo-
skeletal modeling to estimate joint and muscle forces.
Results: The knee was exposed to the highest internal force when carrying SCBA, followed by the rectus
femoris and hip, while the shoulder had the lowest force compared to the no-SCBA condition. Our model
also revealed that adjusting SCBA straps length was an efficient strategy to influence the force that
occurred at the lumbar spine, hip, and knee regions. Grey relation analysis indicated that the deviation of
the center of mass, step length, and knee flexion-extension angle could be used as the predictor of
musculoskeletal disorders.
Conclusion: The finding suggested that the training of the newly recruits focuses on the coordinated
movement of muscle and joints in the lower limb. The strap lengths around 98-105 cm were also rec-
ommended. The findings are expected to provide injury interventions to enhance the occupational
health and safety of the newly recruited firefighters.
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1. Introduction

Musculoskeletal injuries (MSDs) in firefighters, such as sprain,
strain, and muscle pains, are the most common on-duty injuries
(43e62% of all injuries), which is greater than burn injuries (7%),
thermal stress (6%), and toxic gas inhalation (4%) [1,2]. Accidents
due to MSDs typically account for the longer work absences for
firefighters and higher medical costs than other injuries [3]. The
high incidence of firefighters’ MSDs is attributed to the excessive
joint force and muscle tension to counteract load acts on the
musculoskeletal system (bone, nerve, tendon, muscle, and

ligament), which generates microscopic fatigue damage in the form
of cellular and extracellular degeneration. In particular, the newly
recruited firefighters who have no work and training experience
were 10 times more likely to be injured than a more experienced
firefighter due to a mismatch in physical capability versus applied
tissue loading [4]. Therefore, injury assessment and interventions
focused on the newly recruited firefighters are necessary.

Biomechanical risk factors for causing MSDs include load car-
riage, awkward posture, forceful exertion, and repetitive move-
ments [5]. Several studies have reported that firefighters’MSDs are
influenced by heavy and bulky personal protective equipment
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Background: Firefighters are required to carry self-contained breathing apparatus (SCBA), which in-
creases the risk of musculoskeletal disorders. This study assessed the newly recruited firefighters’ in-
ternal forces and potential musculoskeletal disorders when carrying SCBA. The effects of SCBA strap
lengths were also evaluated.
Methods: Kinematic parameters of twelve male subjects running in a control condition with no SCBA
equipped and three varying-strapped SCBAs were measured using 3D inertial motion capture. Subse-
quently, motion data and predicted ground reaction force were inputted for subject-specific musculo-
skeletal modeling to estimate joint and muscle forces.
Results: The knee was exposed to the highest internal force when carrying SCBA, followed by the rectus
femoris and hip, while the shoulder had the lowest force compared to the no-SCBA condition. Our model
also revealed that adjusting SCBA straps length was an efficient strategy to influence the force that
occurred at the lumbar spine, hip, and knee regions. Grey relation analysis indicated that the deviation of
the center of mass, step length, and knee flexion-extension angle could be used as the predictor of
musculoskeletal disorders.
Conclusion: The finding suggested that the training of the newly recruits focuses on the coordinated
movement of muscle and joints in the lower limb. The strap lengths around 98-105 cm were also rec-
ommended. The findings are expected to provide injury interventions to enhance the occupational
health and safety of the newly recruited firefighters.
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1. Introduction

Musculoskeletal injuries (MSDs) in firefighters, such as sprain,
strain, and muscle pains, are the most common on-duty injuries
(43e62% of all injuries), which is greater than burn injuries (7%),
thermal stress (6%), and toxic gas inhalation (4%) [1,2]. Accidents
due to MSDs typically account for the longer work absences for
firefighters and higher medical costs than other injuries [3]. The
high incidence of firefighters’ MSDs is attributed to the excessive
joint force and muscle tension to counteract load acts on the
musculoskeletal system (bone, nerve, tendon, muscle, and

ligament), which generates microscopic fatigue damage in the form
of cellular and extracellular degeneration. In particular, the newly
recruited firefighters who have no work and training experience
were 10 times more likely to be injured than a more experienced
firefighter due to a mismatch in physical capability versus applied
tissue loading [4]. Therefore, injury assessment and interventions
focused on the newly recruited firefighters are necessary.

Biomechanical risk factors for causing MSDs include load car-
riage, awkward posture, forceful exertion, and repetitive move-
ments [5]. Several studies have reported that firefighters’MSDs are
influenced by heavy and bulky personal protective equipment
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also revealed that adjusting SCBA straps length was an efficient strategy to influence the force that
occurred at the lumbar spine, hip, and knee regions. Grey relation analysis indicated that the deviation of
the center of mass, step length, and knee flexion-extension angle could be used as the predictor of
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(43e62% of all injuries), which is greater than burn injuries (7%),
thermal stress (6%), and toxic gas inhalation (4%) [1,2]. Accidents
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joint force and muscle tension to counteract load acts on the
musculoskeletal system (bone, nerve, tendon, muscle, and

ligament), which generates microscopic fatigue damage in the form
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firefighter due to a mismatch in physical capability versus applied
tissue loading [4]. Therefore, injury assessment and interventions
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Background: Firefighters are required to carry self-contained breathing apparatus (SCBA), which in-
creases the risk of musculoskeletal disorders. This study assessed the newly recruited firefighters’ in-
ternal forces and potential musculoskeletal disorders when carrying SCBA. The effects of SCBA strap
lengths were also evaluated.
Methods: Kinematic parameters of twelve male subjects running in a control condition with no SCBA
equipped and three varying-strapped SCBAs were measured using 3D inertial motion capture. Subse-
quently, motion data and predicted ground reaction force were inputted for subject-specific musculo-
skeletal modeling to estimate joint and muscle forces.
Results: The knee was exposed to the highest internal force when carrying SCBA, followed by the rectus
femoris and hip, while the shoulder had the lowest force compared to the no-SCBA condition. Our model
also revealed that adjusting SCBA straps length was an efficient strategy to influence the force that
occurred at the lumbar spine, hip, and knee regions. Grey relation analysis indicated that the deviation of
the center of mass, step length, and knee flexion-extension angle could be used as the predictor of
musculoskeletal disorders.
Conclusion: The finding suggested that the training of the newly recruits focuses on the coordinated
movement of muscle and joints in the lower limb. The strap lengths around 98-105 cm were also rec-
ommended. The findings are expected to provide injury interventions to enhance the occupational
health and safety of the newly recruited firefighters.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Musculoskeletal injuries (MSDs) in firefighters, such as sprain,
strain, and muscle pains, are the most common on-duty injuries
(43e62% of all injuries), which is greater than burn injuries (7%),
thermal stress (6%), and toxic gas inhalation (4%) [1,2]. Accidents
due to MSDs typically account for the longer work absences for
firefighters and higher medical costs than other injuries [3]. The
high incidence of firefighters’ MSDs is attributed to the excessive
joint force and muscle tension to counteract load acts on the
musculoskeletal system (bone, nerve, tendon, muscle, and

ligament), which generates microscopic fatigue damage in the form
of cellular and extracellular degeneration. In particular, the newly
recruited firefighters who have no work and training experience
were 10 times more likely to be injured than a more experienced
firefighter due to a mismatch in physical capability versus applied
tissue loading [4]. Therefore, injury assessment and interventions
focused on the newly recruited firefighters are necessary.

Biomechanical risk factors for causing MSDs include load car-
riage, awkward posture, forceful exertion, and repetitive move-
ments [5]. Several studies have reported that firefighters’MSDs are
influenced by heavy and bulky personal protective equipment
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a b s t r a c t

Background: The turnover rate of nurse aides in Taiwan is high. However, the predictors of turnover
behavior in the newly employed are still unclear.
Objective: To examine the predictors of turnover behavior in newly employed licensed nurse aides.
Methods: A longitudinal study design was used and subjects were newly employed certified nurse aides
from a nurse aid training association in Taiwan. A total of five questionnaire surveys were conducted. The
questionnaire was mainly used to collect information on turnover behavior, personal socioeconomic
background, workplace psychosocial hazards, worker health hazards, and musculoskeletal disorders.
Results: A total of 300 participants were recruited in the study. Cox regression analysis results showed
that short working experience (hazard ratio [HR] ¼ 0.21, p < 0.01), work as non-home nurse aides
(HR ¼ 0.58, p ¼ 0.01), low monthly salary (HR ¼ 0.68, p < 0.01), high work mental load (HR ¼ 1.01,
p ¼ 0.01), low workplace justice (HR ¼ 0.97, p < 0.01), high workplace violence (HR ¼ 1.60, p < 0.01),
high burnout (HR ¼ 1.01, p ¼ 0.04), poor mental health (HR ¼ 1.06, p ¼ 0.04), and high total number of
musculoskeletal disorder sites (HR ¼ 1.08, p ¼ 0.01) contribute to a higher risk of turnover.
Conclusion: The results indicated that employment period, work as a home nurse aide, monthly salary,
work mental load, workplace justice, workplace violence, work-related burnout, mental health, and total
number of musculoskeletal disorder sites are predictors of turnover behavior in newly employed
certified nurse aides.
� 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research

Institute, Korea Occupational Safety and Health Agency. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The elderly population of Taiwan is rapidly growing, leading to
an increase in long-term care burden, and nurse aide (care worker)
workers’ needs have become a topic of urgent consideration.
However, nurse aides have poor social image, low wages, and low
work value affirmation, resulting in difficulty in worker recruit-
ment, unwillingness of newly trained employees to enter the
workplace, and high turnover rate [1]. The constant loss of nurse
aides has resulted in care-giving work becoming a social problem
that is difficult to solve [2]. Furthermore, the high turnover rate of
nurse aides not only causes patients to be unable to obtain
continuous care and have difficulty in forming trusting relation-
ships but is also detrimental to the promotion of the jobmarket and

long-term care policies for nurse aides [3]. Therefore, the turnover
behavior in nurse aides has become an important social issue.

Although previous studies have highlighted the influencing
factors of turnover behavior in nurse aides, some factors still lack an
empirical basis. In this study, we compiled potential influencing
factors found in the relevant literature or proposed by experts,
which were classified as follows: personal socioeconomic back-
ground [4,5], workplace psychosocial hazards [2], worker health
hazards [6,7], and musculoskeletal disorders [8,9]. These four fac-
tors are separately described below. With regard to factors related
to personal socioeconomic background, a higher ratio of subjects of
the female gender [3], those who were married [10], those who
were aged between 40 and 50 years [11], those who had an edu-
cation level of senior high school [12], those with a long working
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배경

대만의 간호조무사 이직률은 높다. 그러나 신규 채용 간호조무사의 이직 행동에 대한 예측 

요인은 아직 명확하지 않다.

목적

신규 채용 간호조무사의 이직 행동 예측 요인을 조사한다.

방법

종단적 연구 설계를 사용하였으며, 연구 대상은 대만의 간호조무사 교육협회에 등록된 신규

로 채용된 간호조무사였다. 총 5회의 설문 조사를 실시하였으며, 설문지를 통해 이직 행동, 

개인의 사회경제적 배경, 직장 내 심리사회적 위험, 노동자 건강 위험, 근골격계 질환에 대한 

정보를 수집하였다.

결과

이 연구에서는 총 300명의 참가자가 모집되었다. 콕스 회귀분석 결과, 짧은 근무 경력(위험

비[HR] = 0.21, p < 0.01), 재가외 간호조무사로 근무(HR = 0.58, p = 0.01), 낮은 월 급여

(HR = 0.68, p < 0.01), 높은 업무 정신적 부담(HR = 1.01, p = 0.01), 낮은 조직 공정성(HR 

= 0.97, p < 0.01), 높은 직장 폭력(HR = 1.60, p < 0.01), 높은 직무소진(HR = 1.01, p = 

0.04), 열악한 정신건강(HR = 1.06, p = 0.04), 높은 근골격계 질환 부위의 수(HR = 1.08, 

p = 0.01)가 이직 위험을 높였다.

결론

근무 경력, 가정 간호조무사로서의 업무 여부, 월 급여, 업무 정신적 부담, 조직 공정성, 직장 

내 폭력, 업무 관련 직무소진, 정신건강, 근골격계 질환 부위 수가 신규로 채용된 간호조무사

의 이직 행동을 예측하는 요인으로 나타났다.

26.  신규 채용 간호조무사의 이직 행동 예측 요인 분석: 전향적 
코호트 연구
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a b s t r a c t

Background: The turnover rate of nurse aides in Taiwan is high. However, the predictors of turnover
behavior in the newly employed are still unclear.
Objective: To examine the predictors of turnover behavior in newly employed licensed nurse aides.
Methods: A longitudinal study design was used and subjects were newly employed certified nurse aides
from a nurse aid training association in Taiwan. A total of five questionnaire surveys were conducted. The
questionnaire was mainly used to collect information on turnover behavior, personal socioeconomic
background, workplace psychosocial hazards, worker health hazards, and musculoskeletal disorders.
Results: A total of 300 participants were recruited in the study. Cox regression analysis results showed
that short working experience (hazard ratio [HR] ¼ 0.21, p < 0.01), work as non-home nurse aides
(HR ¼ 0.58, p ¼ 0.01), low monthly salary (HR ¼ 0.68, p < 0.01), high work mental load (HR ¼ 1.01,
p ¼ 0.01), low workplace justice (HR ¼ 0.97, p < 0.01), high workplace violence (HR ¼ 1.60, p < 0.01),
high burnout (HR ¼ 1.01, p ¼ 0.04), poor mental health (HR ¼ 1.06, p ¼ 0.04), and high total number of
musculoskeletal disorder sites (HR ¼ 1.08, p ¼ 0.01) contribute to a higher risk of turnover.
Conclusion: The results indicated that employment period, work as a home nurse aide, monthly salary,
work mental load, workplace justice, workplace violence, work-related burnout, mental health, and total
number of musculoskeletal disorder sites are predictors of turnover behavior in newly employed
certified nurse aides.
� 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research

Institute, Korea Occupational Safety and Health Agency. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The elderly population of Taiwan is rapidly growing, leading to
an increase in long-term care burden, and nurse aide (care worker)
workers’ needs have become a topic of urgent consideration.
However, nurse aides have poor social image, low wages, and low
work value affirmation, resulting in difficulty in worker recruit-
ment, unwillingness of newly trained employees to enter the
workplace, and high turnover rate [1]. The constant loss of nurse
aides has resulted in care-giving work becoming a social problem
that is difficult to solve [2]. Furthermore, the high turnover rate of
nurse aides not only causes patients to be unable to obtain
continuous care and have difficulty in forming trusting relation-
ships but is also detrimental to the promotion of the jobmarket and

long-term care policies for nurse aides [3]. Therefore, the turnover
behavior in nurse aides has become an important social issue.

Although previous studies have highlighted the influencing
factors of turnover behavior in nurse aides, some factors still lack an
empirical basis. In this study, we compiled potential influencing
factors found in the relevant literature or proposed by experts,
which were classified as follows: personal socioeconomic back-
ground [4,5], workplace psychosocial hazards [2], worker health
hazards [6,7], and musculoskeletal disorders [8,9]. These four fac-
tors are separately described below. With regard to factors related
to personal socioeconomic background, a higher ratio of subjects of
the female gender [3], those who were married [10], those who
were aged between 40 and 50 years [11], those who had an edu-
cation level of senior high school [12], those with a long working
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Background: The turnover rate of nurse aides in Taiwan is high. However, the predictors of turnover
behavior in the newly employed are still unclear.
Objective: To examine the predictors of turnover behavior in newly employed licensed nurse aides.
Methods: A longitudinal study design was used and subjects were newly employed certified nurse aides
from a nurse aid training association in Taiwan. A total of five questionnaire surveys were conducted. The
questionnaire was mainly used to collect information on turnover behavior, personal socioeconomic
background, workplace psychosocial hazards, worker health hazards, and musculoskeletal disorders.
Results: A total of 300 participants were recruited in the study. Cox regression analysis results showed
that short working experience (hazard ratio [HR] ¼ 0.21, p < 0.01), work as non-home nurse aides
(HR ¼ 0.58, p ¼ 0.01), low monthly salary (HR ¼ 0.68, p < 0.01), high work mental load (HR ¼ 1.01,
p ¼ 0.01), low workplace justice (HR ¼ 0.97, p < 0.01), high workplace violence (HR ¼ 1.60, p < 0.01),
high burnout (HR ¼ 1.01, p ¼ 0.04), poor mental health (HR ¼ 1.06, p ¼ 0.04), and high total number of
musculoskeletal disorder sites (HR ¼ 1.08, p ¼ 0.01) contribute to a higher risk of turnover.
Conclusion: The results indicated that employment period, work as a home nurse aide, monthly salary,
work mental load, workplace justice, workplace violence, work-related burnout, mental health, and total
number of musculoskeletal disorder sites are predictors of turnover behavior in newly employed
certified nurse aides.
� 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research

Institute, Korea Occupational Safety and Health Agency. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The elderly population of Taiwan is rapidly growing, leading to
an increase in long-term care burden, and nurse aide (care worker)
workers’ needs have become a topic of urgent consideration.
However, nurse aides have poor social image, low wages, and low
work value affirmation, resulting in difficulty in worker recruit-
ment, unwillingness of newly trained employees to enter the
workplace, and high turnover rate [1]. The constant loss of nurse
aides has resulted in care-giving work becoming a social problem
that is difficult to solve [2]. Furthermore, the high turnover rate of
nurse aides not only causes patients to be unable to obtain
continuous care and have difficulty in forming trusting relation-
ships but is also detrimental to the promotion of the jobmarket and

long-term care policies for nurse aides [3]. Therefore, the turnover
behavior in nurse aides has become an important social issue.

Although previous studies have highlighted the influencing
factors of turnover behavior in nurse aides, some factors still lack an
empirical basis. In this study, we compiled potential influencing
factors found in the relevant literature or proposed by experts,
which were classified as follows: personal socioeconomic back-
ground [4,5], workplace psychosocial hazards [2], worker health
hazards [6,7], and musculoskeletal disorders [8,9]. These four fac-
tors are separately described below. With regard to factors related
to personal socioeconomic background, a higher ratio of subjects of
the female gender [3], those who were married [10], those who
were aged between 40 and 50 years [11], those who had an edu-
cation level of senior high school [12], those with a long working
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Background: The turnover rate of nurse aides in Taiwan is high. However, the predictors of turnover
behavior in the newly employed are still unclear.
Objective: To examine the predictors of turnover behavior in newly employed licensed nurse aides.
Methods: A longitudinal study design was used and subjects were newly employed certified nurse aides
from a nurse aid training association in Taiwan. A total of five questionnaire surveys were conducted. The
questionnaire was mainly used to collect information on turnover behavior, personal socioeconomic
background, workplace psychosocial hazards, worker health hazards, and musculoskeletal disorders.
Results: A total of 300 participants were recruited in the study. Cox regression analysis results showed
that short working experience (hazard ratio [HR] ¼ 0.21, p < 0.01), work as non-home nurse aides
(HR ¼ 0.58, p ¼ 0.01), low monthly salary (HR ¼ 0.68, p < 0.01), high work mental load (HR ¼ 1.01,
p ¼ 0.01), low workplace justice (HR ¼ 0.97, p < 0.01), high workplace violence (HR ¼ 1.60, p < 0.01),
high burnout (HR ¼ 1.01, p ¼ 0.04), poor mental health (HR ¼ 1.06, p ¼ 0.04), and high total number of
musculoskeletal disorder sites (HR ¼ 1.08, p ¼ 0.01) contribute to a higher risk of turnover.
Conclusion: The results indicated that employment period, work as a home nurse aide, monthly salary,
work mental load, workplace justice, workplace violence, work-related burnout, mental health, and total
number of musculoskeletal disorder sites are predictors of turnover behavior in newly employed
certified nurse aides.
� 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research

Institute, Korea Occupational Safety and Health Agency. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The elderly population of Taiwan is rapidly growing, leading to
an increase in long-term care burden, and nurse aide (care worker)
workers’ needs have become a topic of urgent consideration.
However, nurse aides have poor social image, low wages, and low
work value affirmation, resulting in difficulty in worker recruit-
ment, unwillingness of newly trained employees to enter the
workplace, and high turnover rate [1]. The constant loss of nurse
aides has resulted in care-giving work becoming a social problem
that is difficult to solve [2]. Furthermore, the high turnover rate of
nurse aides not only causes patients to be unable to obtain
continuous care and have difficulty in forming trusting relation-
ships but is also detrimental to the promotion of the jobmarket and

long-term care policies for nurse aides [3]. Therefore, the turnover
behavior in nurse aides has become an important social issue.

Although previous studies have highlighted the influencing
factors of turnover behavior in nurse aides, some factors still lack an
empirical basis. In this study, we compiled potential influencing
factors found in the relevant literature or proposed by experts,
which were classified as follows: personal socioeconomic back-
ground [4,5], workplace psychosocial hazards [2], worker health
hazards [6,7], and musculoskeletal disorders [8,9]. These four fac-
tors are separately described below. With regard to factors related
to personal socioeconomic background, a higher ratio of subjects of
the female gender [3], those who were married [10], those who
were aged between 40 and 50 years [11], those who had an edu-
cation level of senior high school [12], those with a long working
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Background: The turnover rate of nurse aides in Taiwan is high. However, the predictors of turnover
behavior in the newly employed are still unclear.
Objective: To examine the predictors of turnover behavior in newly employed licensed nurse aides.
Methods: A longitudinal study design was used and subjects were newly employed certified nurse aides
from a nurse aid training association in Taiwan. A total of five questionnaire surveys were conducted. The
questionnaire was mainly used to collect information on turnover behavior, personal socioeconomic
background, workplace psychosocial hazards, worker health hazards, and musculoskeletal disorders.
Results: A total of 300 participants were recruited in the study. Cox regression analysis results showed
that short working experience (hazard ratio [HR] ¼ 0.21, p < 0.01), work as non-home nurse aides
(HR ¼ 0.58, p ¼ 0.01), low monthly salary (HR ¼ 0.68, p < 0.01), high work mental load (HR ¼ 1.01,
p ¼ 0.01), low workplace justice (HR ¼ 0.97, p < 0.01), high workplace violence (HR ¼ 1.60, p < 0.01),
high burnout (HR ¼ 1.01, p ¼ 0.04), poor mental health (HR ¼ 1.06, p ¼ 0.04), and high total number of
musculoskeletal disorder sites (HR ¼ 1.08, p ¼ 0.01) contribute to a higher risk of turnover.
Conclusion: The results indicated that employment period, work as a home nurse aide, monthly salary,
work mental load, workplace justice, workplace violence, work-related burnout, mental health, and total
number of musculoskeletal disorder sites are predictors of turnover behavior in newly employed
certified nurse aides.
� 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research

Institute, Korea Occupational Safety and Health Agency. This is an open access article under the CC BY-
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1. Introduction

The elderly population of Taiwan is rapidly growing, leading to
an increase in long-term care burden, and nurse aide (care worker)
workers’ needs have become a topic of urgent consideration.
However, nurse aides have poor social image, low wages, and low
work value affirmation, resulting in difficulty in worker recruit-
ment, unwillingness of newly trained employees to enter the
workplace, and high turnover rate [1]. The constant loss of nurse
aides has resulted in care-giving work becoming a social problem
that is difficult to solve [2]. Furthermore, the high turnover rate of
nurse aides not only causes patients to be unable to obtain
continuous care and have difficulty in forming trusting relation-
ships but is also detrimental to the promotion of the jobmarket and

long-term care policies for nurse aides [3]. Therefore, the turnover
behavior in nurse aides has become an important social issue.

Although previous studies have highlighted the influencing
factors of turnover behavior in nurse aides, some factors still lack an
empirical basis. In this study, we compiled potential influencing
factors found in the relevant literature or proposed by experts,
which were classified as follows: personal socioeconomic back-
ground [4,5], workplace psychosocial hazards [2], worker health
hazards [6,7], and musculoskeletal disorders [8,9]. These four fac-
tors are separately described below. With regard to factors related
to personal socioeconomic background, a higher ratio of subjects of
the female gender [3], those who were married [10], those who
were aged between 40 and 50 years [11], those who had an edu-
cation level of senior high school [12], those with a long working

Ya-Chen Lee: https://orcid.org/0000-0003-0917-3859; Shang-Yu Yang: https://orcid.org/0000-0001-6690-7420
* Corresponding author. 500, Lioufeng Rd., Wufeng, Taichung 41354, Taiwan.

E-mail addresses: henry879019@yahoo.com.tw, henry879019@asia.edu.tw (S.-Y. Yang).

Contents lists available at ScienceDirect

Safety and Health at Work

journal homepage: www.e-shaw.net

2093-7911/$ e see front matter � 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research Institute, Korea Occupational Safety and
Health Agency. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
https://doi.org/10.1016/j.shaw.2023.04.003

Safety and Health at Work 14 (2023) 185e192

Original article

Examining the Predictors of Turnover Behavior in Newly Employed
Certified Nurse Aides: A Prospective Cohort Study

Hsiao-Ching Chen 1, Jiun-Yi Wang 1,2, Ya-Chen Lee 3, Shang-Yu Yang 1,*

1Department of Healthcare Administration, College of Medical and Health Science, Asia University, Taichung, Taiwan
2Department of Medical Research, China Medical University Hospital, China Medical University, Taichung, Taiwan
3Department of Occupational Therapy, College of Medical and Health Science, Asia University, Taichung, Taiwan

a r t i c l e i n f o

Article history:
Received 18 October 2022
Received in revised form
7 April 2023
Accepted 26 April 2023
Available online 9 May 2023

Keywords:
musculoskeletal
nurse aides
turnover behavior
worker health
workplace psychosocial hazards

a b s t r a c t

Background: The turnover rate of nurse aides in Taiwan is high. However, the predictors of turnover
behavior in the newly employed are still unclear.
Objective: To examine the predictors of turnover behavior in newly employed licensed nurse aides.
Methods: A longitudinal study design was used and subjects were newly employed certified nurse aides
from a nurse aid training association in Taiwan. A total of five questionnaire surveys were conducted. The
questionnaire was mainly used to collect information on turnover behavior, personal socioeconomic
background, workplace psychosocial hazards, worker health hazards, and musculoskeletal disorders.
Results: A total of 300 participants were recruited in the study. Cox regression analysis results showed
that short working experience (hazard ratio [HR] ¼ 0.21, p < 0.01), work as non-home nurse aides
(HR ¼ 0.58, p ¼ 0.01), low monthly salary (HR ¼ 0.68, p < 0.01), high work mental load (HR ¼ 1.01,
p ¼ 0.01), low workplace justice (HR ¼ 0.97, p < 0.01), high workplace violence (HR ¼ 1.60, p < 0.01),
high burnout (HR ¼ 1.01, p ¼ 0.04), poor mental health (HR ¼ 1.06, p ¼ 0.04), and high total number of
musculoskeletal disorder sites (HR ¼ 1.08, p ¼ 0.01) contribute to a higher risk of turnover.
Conclusion: The results indicated that employment period, work as a home nurse aide, monthly salary,
work mental load, workplace justice, workplace violence, work-related burnout, mental health, and total
number of musculoskeletal disorder sites are predictors of turnover behavior in newly employed
certified nurse aides.
� 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research
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The elderly population of Taiwan is rapidly growing, leading to
an increase in long-term care burden, and nurse aide (care worker)
workers’ needs have become a topic of urgent consideration.
However, nurse aides have poor social image, low wages, and low
work value affirmation, resulting in difficulty in worker recruit-
ment, unwillingness of newly trained employees to enter the
workplace, and high turnover rate [1]. The constant loss of nurse
aides has resulted in care-giving work becoming a social problem
that is difficult to solve [2]. Furthermore, the high turnover rate of
nurse aides not only causes patients to be unable to obtain
continuous care and have difficulty in forming trusting relation-
ships but is also detrimental to the promotion of the jobmarket and

long-term care policies for nurse aides [3]. Therefore, the turnover
behavior in nurse aides has become an important social issue.

Although previous studies have highlighted the influencing
factors of turnover behavior in nurse aides, some factors still lack an
empirical basis. In this study, we compiled potential influencing
factors found in the relevant literature or proposed by experts,
which were classified as follows: personal socioeconomic back-
ground [4,5], workplace psychosocial hazards [2], worker health
hazards [6,7], and musculoskeletal disorders [8,9]. These four fac-
tors are separately described below. With regard to factors related
to personal socioeconomic background, a higher ratio of subjects of
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were aged between 40 and 50 years [11], those who had an edu-
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a b s t r a c t

Background: Impacts of exposure are generally monitored and recorded after injuries or illness occur.
Yet, absence of conventional after-the-effect impacts (i.e., lagging indicators), tend to focus on physical
health and injuries, and fail to inform if workers are not exposed to safety and health hazards. In contrast
to lagging indicators, leading indicators are proactive, preventive, and predictive indexes that offer in-
sights how effective safety and health. The present study is to validate an extended Voluntary Protection
Programs (VPP) that consists of six leading indicators.
Methods: Questionnaires were distributed to 13 organizations (response rate ¼ 93.1%, 1,439 responses) in
Taiwan. Cronbach a, multiple linear regression and canonical correlation were used to test the reliability
of the extended Voluntary Protection Programs (VPP) which consists of six leading indicators (safe
climate, transformational leadership, organizational justice, organizational support, hazard prevention
and control, and training). Criteria-related validation strategy was applied to examine relationships of six
leading indicators with six criteria (perceived health, burnout, depression, job satisfaction, job perfor-
mance, and life satisfaction).
Results: The results showed that the Cronbach’s a of six leading indicators ranged from 0.87 to 0.92. The
canonical correlation analysis indicated a positive correlation between the six leading indicators and
criteria (1st canonical function: correlation ¼ 0.647, square correlation ¼ 0.419, p < 0.001).
Conclusions: The present study validates the extended VPP framework that focuses on promoting safety
and physical and mental health. Results further provides applications of the extended VPP framework to
promote workers’ safety and health.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Exposures to safety and health hazards at work are well docu-
mented and researched. Impacts of exposure are generally moni-
tored and recorded after injuries or illness occur. These after-the-
effect outcomes (i.e., lagging indicators) focus on exposures that
lead to death, days away from work, restricted work or transfer to
another job, medical treatment beyond first aid, or loss of con-
sciousness (e.g., US Occupational Safety and Health Administration
[OSHA], 2001) [1]. Conventionally, these lagging indicators serve as
performance index pertaining to occupational safety and health.

Although these indicators offer useful insights, they fall short of
providing a complete picture how well organizations manage
workplace safety and health. First, absence of after-the-effect out-
comes does not necessarily mean employees are not exposed to
safety and health hazards [2]. Second, these indicators tend to
emphasize physical health more than mental health, even though
mental health outcomes are as important as physical health out-
comes, and their relationships are intertwined. For instance,
stressful working conditions such as high workload tend to disrupt
workers’ immune systems as well as mental health such as anxiety
[3].
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배경

직업적 노출의 영향은 일반적으로 부상이나 질병이 발생한 후에 모니터링하고 기록한다. 그

러나 기존의 사후 영향(즉, 후행지표)은 신체적 건강과 부상에 초점을 맞추는 경향이 있어 

노동자가 안전 및 건강 위험에 노출 여부를 알려주지 못한다. 후행지표와 달리 선행지표는 

효과적인 안전보건의 통찰력을 제공하는 사전적, 예방적, 예측적 지표이다. 이 연구는 6개의 

선행지표로 구성된 확장된 자발적 예방프로그램(VPP)을 검증하기 위한 것이다.

방법

대만의 13개 조직에 설문지를 배포하였다(응답률 = 93.1%, 1,439명 응답). 크론바흐 α, 다

중선형회귀분석, 공적 상관관계를 사용하여 6개의 선행지표(안전문화, 변혁적 리더십, 조직 

정의, 조직 지원, 위험 예방 및 통제, 교육)로 구성된 확장된 자발적 보호 프로그램(VPP)의 

신뢰도를 테스트하였다. 6개 기준(주관적 건강, 직무소진, 우울증, 직무 만족도, 직무 성과, 

삶의 만족도)을 가진 6개의 선행지표의 관계를 조사하기 위해 기준 관련 검증 전략을 적용

하였다.

결과

분석 결과, 6개 선행지표의 크론바흐 α는 0.87~0.92로 나타났다. 표준 상관관계 분석 결과 

6개의 선행지표와 기준 간에 양의 상관관계가 있는 것으로 나타났다(1차 표준 함수: 상관계

수 = 0.647, 제곱 상관계수 = 0.419, p < 0.001).

결론

이 연구는 안전과 신체적, 정신적 건강증진에 초점을 맞춘 확장된 자발적 예방프로그램 체

제를 검증한다. 연구 결과는 노동자의 안전과 건강증진을 위한 확장된 자발적 예방프로그램 

체제의 적용 방안을 제공한다.

27. 대만의 통합된 건강한 작업장 관리모델 개발 및 검증
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a b s t r a c t

Background: Impacts of exposure are generally monitored and recorded after injuries or illness occur.
Yet, absence of conventional after-the-effect impacts (i.e., lagging indicators), tend to focus on physical
health and injuries, and fail to inform if workers are not exposed to safety and health hazards. In contrast
to lagging indicators, leading indicators are proactive, preventive, and predictive indexes that offer in-
sights how effective safety and health. The present study is to validate an extended Voluntary Protection
Programs (VPP) that consists of six leading indicators.
Methods: Questionnaires were distributed to 13 organizations (response rate ¼ 93.1%, 1,439 responses) in
Taiwan. Cronbach a, multiple linear regression and canonical correlation were used to test the reliability
of the extended Voluntary Protection Programs (VPP) which consists of six leading indicators (safe
climate, transformational leadership, organizational justice, organizational support, hazard prevention
and control, and training). Criteria-related validation strategy was applied to examine relationships of six
leading indicators with six criteria (perceived health, burnout, depression, job satisfaction, job perfor-
mance, and life satisfaction).
Results: The results showed that the Cronbach’s a of six leading indicators ranged from 0.87 to 0.92. The
canonical correlation analysis indicated a positive correlation between the six leading indicators and
criteria (1st canonical function: correlation ¼ 0.647, square correlation ¼ 0.419, p < 0.001).
Conclusions: The present study validates the extended VPP framework that focuses on promoting safety
and physical and mental health. Results further provides applications of the extended VPP framework to
promote workers’ safety and health.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Exposures to safety and health hazards at work are well docu-
mented and researched. Impacts of exposure are generally moni-
tored and recorded after injuries or illness occur. These after-the-
effect outcomes (i.e., lagging indicators) focus on exposures that
lead to death, days away from work, restricted work or transfer to
another job, medical treatment beyond first aid, or loss of con-
sciousness (e.g., US Occupational Safety and Health Administration
[OSHA], 2001) [1]. Conventionally, these lagging indicators serve as
performance index pertaining to occupational safety and health.

Although these indicators offer useful insights, they fall short of
providing a complete picture how well organizations manage
workplace safety and health. First, absence of after-the-effect out-
comes does not necessarily mean employees are not exposed to
safety and health hazards [2]. Second, these indicators tend to
emphasize physical health more than mental health, even though
mental health outcomes are as important as physical health out-
comes, and their relationships are intertwined. For instance,
stressful working conditions such as high workload tend to disrupt
workers’ immune systems as well as mental health such as anxiety
[3].

Fu-Li Chen: https://orcid.org/0000-0002-3869-1631; Peter Y. Chen: https://orcid.org/0000-0002-9103-0015; Chi-Chen Chen: https://orcid.org/0000-0002-2372-4381;
Tao-Hsin Tung: https://orcid.org/0000-0003-2097-8375
* Corresponding author. Taiwan Association of Health Industry Management and Development, Taipei, Taiwan.

E-mail addresses: 026644@mail.fju.edu.tw (F.-L. Chen), pzc0020@auburn.edu (P.Y. Chen), 126618@mail.fju.edu.tw (C.-C. Chen), ch2876@gmail.com (T.-H. Tung).

Contents lists available at ScienceDirect

Safety and Health at Work

journal homepage: www.e-shaw.net

2093-7911/$ e see front matter � 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
https://doi.org/10.1016/j.shaw.2022.09.004

Safety and Health at Work 13 (2022) 394e400

Original article

Development and Validation of an Integrated Healthy Workplace
Management Model in Taiwan

Fu-Li Chen 1, Peter Y. Chen 2, Chi-Chen Chen 3, Tao-Hsin Tung 4,*

1Department of Public Health, Fu-Jen Catholic University, New Taipei City, Taiwan
2Department of Psychology, Auburn University, Auburn, USA
3Department of Public Health, Fu-Jen Catholic University, New Taipei City, Taiwan
4 Taiwan Association of Health Industry Management and Development, Taipei, Taiwan

a r t i c l e i n f o

Article history:
Received 9 April 2022
Received in revised form
18 September 2022
Accepted 25 September 2022
Available online 1 October 2022

Keywords:
Occupational safety and health
Taiwan
Validation
VPP

a b s t r a c t

Background: Impacts of exposure are generally monitored and recorded after injuries or illness occur.
Yet, absence of conventional after-the-effect impacts (i.e., lagging indicators), tend to focus on physical
health and injuries, and fail to inform if workers are not exposed to safety and health hazards. In contrast
to lagging indicators, leading indicators are proactive, preventive, and predictive indexes that offer in-
sights how effective safety and health. The present study is to validate an extended Voluntary Protection
Programs (VPP) that consists of six leading indicators.
Methods: Questionnaires were distributed to 13 organizations (response rate ¼ 93.1%, 1,439 responses) in
Taiwan. Cronbach a, multiple linear regression and canonical correlation were used to test the reliability
of the extended Voluntary Protection Programs (VPP) which consists of six leading indicators (safe
climate, transformational leadership, organizational justice, organizational support, hazard prevention
and control, and training). Criteria-related validation strategy was applied to examine relationships of six
leading indicators with six criteria (perceived health, burnout, depression, job satisfaction, job perfor-
mance, and life satisfaction).
Results: The results showed that the Cronbach’s a of six leading indicators ranged from 0.87 to 0.92. The
canonical correlation analysis indicated a positive correlation between the six leading indicators and
criteria (1st canonical function: correlation ¼ 0.647, square correlation ¼ 0.419, p < 0.001).
Conclusions: The present study validates the extended VPP framework that focuses on promoting safety
and physical and mental health. Results further provides applications of the extended VPP framework to
promote workers’ safety and health.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an
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1. Introduction

Exposures to safety and health hazards at work are well docu-
mented and researched. Impacts of exposure are generally moni-
tored and recorded after injuries or illness occur. These after-the-
effect outcomes (i.e., lagging indicators) focus on exposures that
lead to death, days away from work, restricted work or transfer to
another job, medical treatment beyond first aid, or loss of con-
sciousness (e.g., US Occupational Safety and Health Administration
[OSHA], 2001) [1]. Conventionally, these lagging indicators serve as
performance index pertaining to occupational safety and health.

Although these indicators offer useful insights, they fall short of
providing a complete picture how well organizations manage
workplace safety and health. First, absence of after-the-effect out-
comes does not necessarily mean employees are not exposed to
safety and health hazards [2]. Second, these indicators tend to
emphasize physical health more than mental health, even though
mental health outcomes are as important as physical health out-
comes, and their relationships are intertwined. For instance,
stressful working conditions such as high workload tend to disrupt
workers’ immune systems as well as mental health such as anxiety
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Background: Impacts of exposure are generally monitored and recorded after injuries or illness occur.
Yet, absence of conventional after-the-effect impacts (i.e., lagging indicators), tend to focus on physical
health and injuries, and fail to inform if workers are not exposed to safety and health hazards. In contrast
to lagging indicators, leading indicators are proactive, preventive, and predictive indexes that offer in-
sights how effective safety and health. The present study is to validate an extended Voluntary Protection
Programs (VPP) that consists of six leading indicators.
Methods: Questionnaires were distributed to 13 organizations (response rate ¼ 93.1%, 1,439 responses) in
Taiwan. Cronbach a, multiple linear regression and canonical correlation were used to test the reliability
of the extended Voluntary Protection Programs (VPP) which consists of six leading indicators (safe
climate, transformational leadership, organizational justice, organizational support, hazard prevention
and control, and training). Criteria-related validation strategy was applied to examine relationships of six
leading indicators with six criteria (perceived health, burnout, depression, job satisfaction, job perfor-
mance, and life satisfaction).
Results: The results showed that the Cronbach’s a of six leading indicators ranged from 0.87 to 0.92. The
canonical correlation analysis indicated a positive correlation between the six leading indicators and
criteria (1st canonical function: correlation ¼ 0.647, square correlation ¼ 0.419, p < 0.001).
Conclusions: The present study validates the extended VPP framework that focuses on promoting safety
and physical and mental health. Results further provides applications of the extended VPP framework to
promote workers’ safety and health.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an
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1. Introduction

Exposures to safety and health hazards at work are well docu-
mented and researched. Impacts of exposure are generally moni-
tored and recorded after injuries or illness occur. These after-the-
effect outcomes (i.e., lagging indicators) focus on exposures that
lead to death, days away from work, restricted work or transfer to
another job, medical treatment beyond first aid, or loss of con-
sciousness (e.g., US Occupational Safety and Health Administration
[OSHA], 2001) [1]. Conventionally, these lagging indicators serve as
performance index pertaining to occupational safety and health.

Although these indicators offer useful insights, they fall short of
providing a complete picture how well organizations manage
workplace safety and health. First, absence of after-the-effect out-
comes does not necessarily mean employees are not exposed to
safety and health hazards [2]. Second, these indicators tend to
emphasize physical health more than mental health, even though
mental health outcomes are as important as physical health out-
comes, and their relationships are intertwined. For instance,
stressful working conditions such as high workload tend to disrupt
workers’ immune systems as well as mental health such as anxiety
[3].
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a b s t r a c t

Background: The present study aimed to digitally evaluate the risk of overwork-related adverse effects
(OrAEs) among employees from various occupational categories in Taiwan.
Methods: Anonymous data of employees from seven companies/factories providing occupational health
services were analyzed. The studied population comprised 5505 employees, and the data analyzed
included employment duration, working hours, shift work schedules, and health checkup results. The
risk for OrAEs was assessed by an index, Karo index (0-4, the larger the value, the higher the risk for
OrAEs) obtained using a risk matrix made up of cardiocerebral and occupational risk factors. Karo index
values of 3 and 4 were categorized as at high risk for OrAEs (h-OrAEs).
Results: The 5505 employees had an average employment duration of 8.5 years and a mean age of 39.4
years. The prevalence rates for h-OrAEs of the seven companies/factories ranged from 3.9% to 34.2%.
There were significant differences in prevalence rates for h-OrAEs between employees of retail stores and
high-tech manufacturing factories. Multivariate analysis results indicated that workers of high-tech
manufacturing factories had significantly higher risk for h-OrAEs compared with retail store workers.
Conclusion: In terms of satisfying health risk management and legal requirements in Taiwan, the newly
issued Karo index, which covers a wide range of occupational risk factors, can serve as an assessment and
a warning tool for managing the risk of OrAEs in workplaces. To reduce risks for h-OrAEs, active and
prudent control of cerebrocardiovascular risks and working hours is recommended.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Adverse health effects of overwork have been widely reported
in various occupational categories among modern workplaces [1e
9]. Karoshi, which means “death from overwork,” first reported in
Japan [10], is a rising concern in industrialized Asian countries
[2,7,8]. The device-dependent method for job stress assessment
has been elaborated [11], and the national research team in Japan
uses a structuralized Excessive Fatigue Symptom Inventory to
evaluate the factors associated with risk for Karoshi [12], yet the
overwork-related risk assessments that have taken the legal
compliance into account are scarcely reported. In Taiwan, the
Occupational Safety and Health Act [13] required employers to

provide occupational health services (OHS), adequately plan and
adopt the necessary safety and health measures for preventing
ailments induced by exceptional workload such as working shifts,
working at night, and long working hours [14]. To implement
workplace health management in various categories of occupa-
tion, it is beneficial to develop digitalized risk assessments for
overwork-related adverse effects (OrAEs) on employees in
different worksites [15,16]. Given that Taiwan views overwork as
an important health hazard in workplaces [13], together with the
fact that periodic routine health examinations [13] are compulsory
for workers in Taiwan, the present study used OHS records to
establish a practical assessment index for the risk for OrAEs
among different employee groups.
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provide occupational health services (OHS), adequately plan and
adopt the necessary safety and health measures for preventing
ailments induced by exceptional workload such as working shifts,
working at night, and long working hours [14]. To implement
workplace health management in various categories of occupa-
tion, it is beneficial to develop digitalized risk assessments for
overwork-related adverse effects (OrAEs) on employees in
different worksites [15,16]. Given that Taiwan views overwork as
an important health hazard in workplaces [13], together with the
fact that periodic routine health examinations [13] are compulsory
for workers in Taiwan, the present study used OHS records to
establish a practical assessment index for the risk for OrAEs
among different employee groups.
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Background: The present study aimed to digitally evaluate the risk of overwork-related adverse effects
(OrAEs) among employees from various occupational categories in Taiwan.
Methods: Anonymous data of employees from seven companies/factories providing occupational health
services were analyzed. The studied population comprised 5505 employees, and the data analyzed
included employment duration, working hours, shift work schedules, and health checkup results. The
risk for OrAEs was assessed by an index, Karo index (0-4, the larger the value, the higher the risk for
OrAEs) obtained using a risk matrix made up of cardiocerebral and occupational risk factors. Karo index
values of 3 and 4 were categorized as at high risk for OrAEs (h-OrAEs).
Results: The 5505 employees had an average employment duration of 8.5 years and a mean age of 39.4
years. The prevalence rates for h-OrAEs of the seven companies/factories ranged from 3.9% to 34.2%.
There were significant differences in prevalence rates for h-OrAEs between employees of retail stores and
high-tech manufacturing factories. Multivariate analysis results indicated that workers of high-tech
manufacturing factories had significantly higher risk for h-OrAEs compared with retail store workers.
Conclusion: In terms of satisfying health risk management and legal requirements in Taiwan, the newly
issued Karo index, which covers a wide range of occupational risk factors, can serve as an assessment and
a warning tool for managing the risk of OrAEs in workplaces. To reduce risks for h-OrAEs, active and
prudent control of cerebrocardiovascular risks and working hours is recommended.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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included employment duration, working hours, shift work schedules, and health checkup results. The
risk for OrAEs was assessed by an index, Karo index (0-4, the larger the value, the higher the risk for
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배경

이 연구는 대만의 다양한 직종에 종사하는 직원들의 과로로 인한 부정적 영향(OrAE) 위험

을 디지털 방식으로 평가하는 것을 목표로 한다. 

방법

산업보건서비스를 제공하는 7개 회사/공장 노동자의 익명 데이터를 분석하였다. 연구 대상

은 5,505명의 노동자로 구성되었으며, 분석 데이터에는 고용 기간, 근무 시간, 교대 근무 일

정, 건강검진 결과 등이 포함되었다. 심뇌혈관 및 직업적 위험 요인으로 구성된 위험 매트릭

스를 사용하여 얻은 Karo 지수(0~4, 값이 클수록 부정적 영향 위험이 높음)로 과로사 위험

도를 평가하였다. Karo 지수값이 3과 4인 경우 과로 관련 부정적 영향 고위험군(h-OrAE)으

로 분류되었다. 

결과

5,505명의 직원 평균 근속 기간은 8.5년, 평균 연령은 39.4세였다. 7개 회사/공장의 과로 관

련 질환 유병률은 3.9%에서 34.2%까지 다양하였다. 소매점 직원과 첨단 제조 공장 직원 간

에는 과로 관련 부정적 영향 고위험군 유병률에 상당한 차이가 있었다. 다변량 분석 결과, 

첨단 제조 공장 노동자는 소매점 노동자보다 과로 관련 부정적 영향 고위험군 유병률이 유

의하게 높은 것으로 나타났다.

결론

대만에서 건강위험관리 및 법적 요건을 충족한다는 측면에서 광범위한 직업적 위험 요인을 

포괄하도록 새로 개발된 Karo 지수는 직장에서 과로 관련 부정적 영향의 위험을 관리하기 

위한 평가 및 경고 도구로 사용될 수 있다. 과로 관련 부정적 영향의 위험을 줄이려면 뇌심

혈관계 위험과 근무 시간을 적극적이고 신중하게 관리하는 것이 좋다.
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Background: The present study aimed to digitally evaluate the risk of overwork-related adverse effects
(OrAEs) among employees from various occupational categories in Taiwan.
Methods: Anonymous data of employees from seven companies/factories providing occupational health
services were analyzed. The studied population comprised 5505 employees, and the data analyzed
included employment duration, working hours, shift work schedules, and health checkup results. The
risk for OrAEs was assessed by an index, Karo index (0-4, the larger the value, the higher the risk for
OrAEs) obtained using a risk matrix made up of cardiocerebral and occupational risk factors. Karo index
values of 3 and 4 were categorized as at high risk for OrAEs (h-OrAEs).
Results: The 5505 employees had an average employment duration of 8.5 years and a mean age of 39.4
years. The prevalence rates for h-OrAEs of the seven companies/factories ranged from 3.9% to 34.2%.
There were significant differences in prevalence rates for h-OrAEs between employees of retail stores and
high-tech manufacturing factories. Multivariate analysis results indicated that workers of high-tech
manufacturing factories had significantly higher risk for h-OrAEs compared with retail store workers.
Conclusion: In terms of satisfying health risk management and legal requirements in Taiwan, the newly
issued Karo index, which covers a wide range of occupational risk factors, can serve as an assessment and
a warning tool for managing the risk of OrAEs in workplaces. To reduce risks for h-OrAEs, active and
prudent control of cerebrocardiovascular risks and working hours is recommended.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an
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1. Introduction

Adverse health effects of overwork have been widely reported
in various occupational categories among modern workplaces [1e
9]. Karoshi, which means “death from overwork,” first reported in
Japan [10], is a rising concern in industrialized Asian countries
[2,7,8]. The device-dependent method for job stress assessment
has been elaborated [11], and the national research team in Japan
uses a structuralized Excessive Fatigue Symptom Inventory to
evaluate the factors associated with risk for Karoshi [12], yet the
overwork-related risk assessments that have taken the legal
compliance into account are scarcely reported. In Taiwan, the
Occupational Safety and Health Act [13] required employers to

provide occupational health services (OHS), adequately plan and
adopt the necessary safety and health measures for preventing
ailments induced by exceptional workload such as working shifts,
working at night, and long working hours [14]. To implement
workplace health management in various categories of occupa-
tion, it is beneficial to develop digitalized risk assessments for
overwork-related adverse effects (OrAEs) on employees in
different worksites [15,16]. Given that Taiwan views overwork as
an important health hazard in workplaces [13], together with the
fact that periodic routine health examinations [13] are compulsory
for workers in Taiwan, the present study used OHS records to
establish a practical assessment index for the risk for OrAEs
among different employee groups.
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Methods: Anonymous data of employees from seven companies/factories providing occupational health
services were analyzed. The studied population comprised 5505 employees, and the data analyzed
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risk for OrAEs was assessed by an index, Karo index (0-4, the larger the value, the higher the risk for
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Conclusion: In terms of satisfying health risk management and legal requirements in Taiwan, the newly
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Background: International evidence shows that mining workers are at greater risk of suicide than other
workers; however, it is not known whether this applies to the Australian mining sector.
Methods: Using data from the National Coronial Information System, rates of suicide among male mining
workers were compared to those of three comparators: construction workers, mining and construction
workers combined, and all other workers. Age-standardized suicide rates were calculated for 2001
e2019 and across three intervals ‘2001e2006’, ‘2007e2011’, and ‘2012e2019’. Incidence rate ratios for
suicide were calculated to compare incidence rates for mining workers, to those of the three comparative
groups.
Results: The suicide rate for male mining workers in Australia was estimated to be between 11 and 25 per
100,000 (likely closer to 25 per 100,000) over the period of 2001e2019. There was also evidence that the
suicide rate among mining workers is increasing, and the suicide rate among mining workers for the
period 2012e2019 was significantly higher than the other worker group.
Conclusions: Based on available data, we tentatively deduce that suicide mortality among male mining
workers is of concern. More information is needed on both industry and occupation of suicide decedents
in order to better assess whether, and the extent to which, mining workers (and other industries and
occupations) are at increased risk of suicide.
� 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research
Institute, Korea Occupational Safety and Health Agency. This is an open access article under the CC BY

license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

In Australia in 2019, 3,318 Australians died by suicide [1]. Of
these, 79% (2,626 individuals) were of working age (20e64 years)
[1]. For the past decade, the proportion of suicides among the
working age population has consistently remained at about 80% of
all suicides in Australia. This has prompted interest in under-
standing occupational and workplace patterning of suicide, occu-
pational risk factors and influences on suicide risk, and the viability
of workplace settings for suicide prevention initiatives.

Some occupational groups and industrial sectors are known to
be at higher risk of suicide than others. In the United States, recent
research revealed that the group with the highest suicide rate was
that of males in the mining, quarrying, oil and coal extraction in-
dustry, with a rate of 54.2 deaths/100,000, compared to 27.4/

100,000 for the overall group of working males [2]. A 2013 study in
the United Kingdom found that between the period of 2001 and
2005, coal miners had the highest suicide rate of all occupations
examined, with a rate of 81 deaths per 100,000 worker years [3].

Evidence in Australia is less clear. A study in one state,
Queensland, using data from the Queensland Suicide Register,
found that employment in themining industry was associated with
lower suicide rates than employment in other industries [4]. This
study, however, calculated crude suicide rates, not age-adjusted
rates. Given that the age distribution of workers in the mining in-
dustry differs to that of the general working population, it is
possible that this analytical approach underestimated the true rate
of suicide among mining workers in Australia.

While little research has been carried out examining the suicide
rate among Australian mining workers, some research has

Tania King: https://orcid.org/0000-0002-1201-2485; Humaira Maheen: https://orcid.org/0000-0002-7474-7727; Yamna Taouk: https://orcid.org/0000-0002-3017-6934;
Anthony D. LaMontagne: https://orcid.org/0000-0002-5811-5906
* Corresponding author.

E-mail address: tking@unimelb.edu.au (T. King).

Contents lists available at ScienceDirect

Safety and Health at Work

journal homepage: www.e-shaw.net

2093-7911/$ e see front matter � 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research Institute, Korea Occupational Safety and
Health Agency. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
https://doi.org/10.1016/j.shaw.2023.03.003

Safety and Health at Work 14 (2023) 193e200

배경

국제적 증거에 따르면 광산 노동자는 다른 노동자보다 자살 위험이 더 크다. 하지만 호주 광

산 부문에서도 같은 현상이 나타나는지에 대해서는 확인되지 않았다.

방법

국가 검시 정보 시스템의 자료를 사용하여 남성 광산 노동자의 자살률을 건설 노동자, 광산 

및 건설 노동자를 합친 노동자, 기타 모든 노동자의 세 가지 대상과 비교하였다. 연령 표준

화 자살률을 2001~2019년과 함께 2001~2006년, 2007~2011년, 2012~2019년 세 구간

으로 나누어 계산하였다. 광업 노동자의 자살률과 세 비교 그룹의 자살률을 비교하기 위해 

자살 발생률을 계산하였다.

결과

호주 남성업 광산 노동자의 자살률은 2001~2019년 동안 10만 명당 11~25명(실제로는 10

만 명당 25명에 가까울 가능성이 큼)으로 추정되었다. 또한, 광산 노동자의 자살률이 증가하

고 있다는 증거가 있었으며, 2012~2019년 동안 광산 노동자의 자살률은 다른 노동자 그룹

보다 상당히 높았다.

결론

가용한 자료를 바탕으로 남성 광산 노동자의 자살 사망률이 우려할 만한 수준이라고 잠정

적으로 추론할 수 있다. 광산업 노동자(및 기타 산업 및 직종)의 자살 위험성의 증가 여부 및 

증가 정도를 더 정확하게 평가하기 위해서는 자살 사망자의 산업 및 직종에 대한 더 많은 정

보가 필요하다.

29.  호주 광산업계의 자살: 19년간의 검시 자료를 이용한 남성 
노동자의 자살률 평가
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Background: International evidence shows that mining workers are at greater risk of suicide than other
workers; however, it is not known whether this applies to the Australian mining sector.
Methods: Using data from the National Coronial Information System, rates of suicide among male mining
workers were compared to those of three comparators: construction workers, mining and construction
workers combined, and all other workers. Age-standardized suicide rates were calculated for 2001
e2019 and across three intervals ‘2001e2006’, ‘2007e2011’, and ‘2012e2019’. Incidence rate ratios for
suicide were calculated to compare incidence rates for mining workers, to those of the three comparative
groups.
Results: The suicide rate for male mining workers in Australia was estimated to be between 11 and 25 per
100,000 (likely closer to 25 per 100,000) over the period of 2001e2019. There was also evidence that the
suicide rate among mining workers is increasing, and the suicide rate among mining workers for the
period 2012e2019 was significantly higher than the other worker group.
Conclusions: Based on available data, we tentatively deduce that suicide mortality among male mining
workers is of concern. More information is needed on both industry and occupation of suicide decedents
in order to better assess whether, and the extent to which, mining workers (and other industries and
occupations) are at increased risk of suicide.
� 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research
Institute, Korea Occupational Safety and Health Agency. This is an open access article under the CC BY

license (http://creativecommons.org/licenses/by/4.0/).
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these, 79% (2,626 individuals) were of working age (20e64 years)
[1]. For the past decade, the proportion of suicides among the
working age population has consistently remained at about 80% of
all suicides in Australia. This has prompted interest in under-
standing occupational and workplace patterning of suicide, occu-
pational risk factors and influences on suicide risk, and the viability
of workplace settings for suicide prevention initiatives.

Some occupational groups and industrial sectors are known to
be at higher risk of suicide than others. In the United States, recent
research revealed that the group with the highest suicide rate was
that of males in the mining, quarrying, oil and coal extraction in-
dustry, with a rate of 54.2 deaths/100,000, compared to 27.4/

100,000 for the overall group of working males [2]. A 2013 study in
the United Kingdom found that between the period of 2001 and
2005, coal miners had the highest suicide rate of all occupations
examined, with a rate of 81 deaths per 100,000 worker years [3].

Evidence in Australia is less clear. A study in one state,
Queensland, using data from the Queensland Suicide Register,
found that employment in themining industry was associated with
lower suicide rates than employment in other industries [4]. This
study, however, calculated crude suicide rates, not age-adjusted
rates. Given that the age distribution of workers in the mining in-
dustry differs to that of the general working population, it is
possible that this analytical approach underestimated the true rate
of suicide among mining workers in Australia.

While little research has been carried out examining the suicide
rate among Australian mining workers, some research has
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Background: This study aimed to determine and define the elements of an Fatigue Risk Management
System (FRMS) diagnostic tool to assist an organization in systematically assessing its level of imple-
mentation of an FRMS.
Methods: A modified Delphi process was used involving 16 participants with expertise in sleep science,
chronobiology, and fatigue risk management within occupational settings. The study was undertaken in
two stages 1) review of elements and definitions; 2) review of statements for each element. Each stage
involved an iterative process, and a consensus rule of � 60% was applied to arrive at a final list of ele-
ments, definitions, and statements.
Results: Stage 1: a review of elements (n ¼ 12) and definitions resulted in a final list of 14 elements and
definitions with a consensus of � 60% achieved after 2 Delphi rounds. Stage 2: a review of statements
(n ¼ 131) resulted in a final list of 119 statements with a consensus of � 60% achieved after 2 Delphi
rounds.
Conclusion: The final FRMS diagnostic tool will enable an organization to systematically assess the level
of implementation of their current FRMS and identify gaps and opportunities to reduce risk.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Fatigue results from sleep loss that may adversely impact an
individual’s alertness and increase their accident risk due to an
increase in their time to react (reaction time), reduced ability to
make decisions, and poor concentration [1,2]. Furthermore, fatigue
is associated with an increased risk of developing chronic health
conditions such as obesity, diabetes, cancer, cardiovascular disease,
and mental health disorders [3]. Shift workers are such an ‘at-risk’
group as they are required to modify their sleep-wake patterns to
align with their roster schedule and work long hours [4], which
may result in acute sleep loss across a roster schedule (< 7 hours
sleep per day/night) [5]. This may result in what is commonly
referred to as fatigue, defined as the “result of sleep loss (<7 hours)
and/or being awake during an adverse circadian phase, thereby
potentially affecting alertness” [6]. The injury rates for shift workers
have been reported as over double that of non-shift workers [7].
Therefore, the effective management of fatigue risk is critical to
protecting the health and safety of shift workers and ensuring

organizational success [8], specifically for high-risk shift work or-
ganizations such as mining, oil and gas, aviation, transportation,
and health care.

In addition to an increased risk of accidents and chronic health
conditions fatigue has been associated with increased rates of
absenteeism and presenteeism. It is estimated that sleeping < 6
hours per night may result in 6 working days lost per year due to
absenteeism and presenteeism compared to those who achieve the
recommended > 7 hours sleep, an average productivity loss of 2.4%
[8]. The combined economic cost of sleep loss is significant with
estimates of $66.3 billion, due to loss of well-being (60%), produc-
tivity losses (27%), other financial costs (9%), health system costs
(3%) and informal care costs (1%) reported in Australia [9]. There-
fore, improving the sleep of shift workers has the potential to not
only improve health and safety outcomes but improve productivity
and reduce costs to shift work operations.

In managing fatigue risk, shift work organizations frequently
adopt a compliance-driven approach within their broader Safety
Management System (SMS), that provides specific guidance and
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배경

이 연구는 조직이 피로위험관리시스템(FRMS)의 구현 수준을 체계적으로 평가하는 데 도움

이 되는 피로위험관리시스템 진단 도구의 항목을 결정하고 정의하는 것을 목표로 한다.

방법

수면 과학, 시간 생물학 및 작업장 내 피로위험관리에 대한 전문 지식을 갖춘 16명의 참가자

가 참여한 수정된 델파이 프로세스가 사용되었다. 연구는 1) 항목 및 정의 검토, 2) 각 항목

에 대한 진술 검토의 두 단계로 진행되었다. 각 단계에는 반복적인 프로세스가 포함되었으

며, 최종 항목, 정의 및 진술 목록에 도달하기 위해 60% 이상의 합의 규칙이 적용되었다.

결과

1단계: 2차례의 델파이 조사를 통해 항목(12개) 및 정의를 검토한 결과, 60% 이상의 합의를 

통해 14개 항목 및 정의의 최종 목록을 도출하였다. 2단계: 2차례의 델파이 조사를 통해 진

술(131개)을 검토한 결과 60% 이상의 합의를 얻은 119개의 최종 진술 목록을 도출하였다. 

결론

최종 피로위험관리시스템 진단 도구를 통해 사업장은 현재 피로 위험관리시스템의 이행 수

준을 체계적으로 평가하고 위험을 줄일 수 있는 개선 여지와 기회를 식별할 수 있다.

30.  피로위험관리시스템 진단 도구: 교대 근무 조직을 위한 
조직 평가 도구의 검증
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Background: This study aimed to determine and define the elements of an Fatigue Risk Management
System (FRMS) diagnostic tool to assist an organization in systematically assessing its level of imple-
mentation of an FRMS.
Methods: A modified Delphi process was used involving 16 participants with expertise in sleep science,
chronobiology, and fatigue risk management within occupational settings. The study was undertaken in
two stages 1) review of elements and definitions; 2) review of statements for each element. Each stage
involved an iterative process, and a consensus rule of � 60% was applied to arrive at a final list of ele-
ments, definitions, and statements.
Results: Stage 1: a review of elements (n ¼ 12) and definitions resulted in a final list of 14 elements and
definitions with a consensus of � 60% achieved after 2 Delphi rounds. Stage 2: a review of statements
(n ¼ 131) resulted in a final list of 119 statements with a consensus of � 60% achieved after 2 Delphi
rounds.
Conclusion: The final FRMS diagnostic tool will enable an organization to systematically assess the level
of implementation of their current FRMS and identify gaps and opportunities to reduce risk.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an
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1. Introduction

Fatigue results from sleep loss that may adversely impact an
individual’s alertness and increase their accident risk due to an
increase in their time to react (reaction time), reduced ability to
make decisions, and poor concentration [1,2]. Furthermore, fatigue
is associated with an increased risk of developing chronic health
conditions such as obesity, diabetes, cancer, cardiovascular disease,
and mental health disorders [3]. Shift workers are such an ‘at-risk’
group as they are required to modify their sleep-wake patterns to
align with their roster schedule and work long hours [4], which
may result in acute sleep loss across a roster schedule (< 7 hours
sleep per day/night) [5]. This may result in what is commonly
referred to as fatigue, defined as the “result of sleep loss (<7 hours)
and/or being awake during an adverse circadian phase, thereby
potentially affecting alertness” [6]. The injury rates for shift workers
have been reported as over double that of non-shift workers [7].
Therefore, the effective management of fatigue risk is critical to
protecting the health and safety of shift workers and ensuring

organizational success [8], specifically for high-risk shift work or-
ganizations such as mining, oil and gas, aviation, transportation,
and health care.

In addition to an increased risk of accidents and chronic health
conditions fatigue has been associated with increased rates of
absenteeism and presenteeism. It is estimated that sleeping < 6
hours per night may result in 6 working days lost per year due to
absenteeism and presenteeism compared to those who achieve the
recommended > 7 hours sleep, an average productivity loss of 2.4%
[8]. The combined economic cost of sleep loss is significant with
estimates of $66.3 billion, due to loss of well-being (60%), produc-
tivity losses (27%), other financial costs (9%), health system costs
(3%) and informal care costs (1%) reported in Australia [9]. There-
fore, improving the sleep of shift workers has the potential to not
only improve health and safety outcomes but improve productivity
and reduce costs to shift work operations.

In managing fatigue risk, shift work organizations frequently
adopt a compliance-driven approach within their broader Safety
Management System (SMS), that provides specific guidance and
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� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an
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1. Introduction

Fatigue results from sleep loss that may adversely impact an
individual’s alertness and increase their accident risk due to an
increase in their time to react (reaction time), reduced ability to
make decisions, and poor concentration [1,2]. Furthermore, fatigue
is associated with an increased risk of developing chronic health
conditions such as obesity, diabetes, cancer, cardiovascular disease,
and mental health disorders [3]. Shift workers are such an ‘at-risk’
group as they are required to modify their sleep-wake patterns to
align with their roster schedule and work long hours [4], which
may result in acute sleep loss across a roster schedule (< 7 hours
sleep per day/night) [5]. This may result in what is commonly
referred to as fatigue, defined as the “result of sleep loss (<7 hours)
and/or being awake during an adverse circadian phase, thereby
potentially affecting alertness” [6]. The injury rates for shift workers
have been reported as over double that of non-shift workers [7].
Therefore, the effective management of fatigue risk is critical to
protecting the health and safety of shift workers and ensuring

organizational success [8], specifically for high-risk shift work or-
ganizations such as mining, oil and gas, aviation, transportation,
and health care.

In addition to an increased risk of accidents and chronic health
conditions fatigue has been associated with increased rates of
absenteeism and presenteeism. It is estimated that sleeping < 6
hours per night may result in 6 working days lost per year due to
absenteeism and presenteeism compared to those who achieve the
recommended > 7 hours sleep, an average productivity loss of 2.4%
[8]. The combined economic cost of sleep loss is significant with
estimates of $66.3 billion, due to loss of well-being (60%), produc-
tivity losses (27%), other financial costs (9%), health system costs
(3%) and informal care costs (1%) reported in Australia [9]. There-
fore, improving the sleep of shift workers has the potential to not
only improve health and safety outcomes but improve productivity
and reduce costs to shift work operations.

In managing fatigue risk, shift work organizations frequently
adopt a compliance-driven approach within their broader Safety
Management System (SMS), that provides specific guidance and
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Background: This study aimed to determine and define the elements of an Fatigue Risk Management
System (FRMS) diagnostic tool to assist an organization in systematically assessing its level of imple-
mentation of an FRMS.
Methods: A modified Delphi process was used involving 16 participants with expertise in sleep science,
chronobiology, and fatigue risk management within occupational settings. The study was undertaken in
two stages 1) review of elements and definitions; 2) review of statements for each element. Each stage
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ments, definitions, and statements.
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definitions with a consensus of � 60% achieved after 2 Delphi rounds. Stage 2: a review of statements
(n ¼ 131) resulted in a final list of 119 statements with a consensus of � 60% achieved after 2 Delphi
rounds.
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a b s t r a c t

Background: Online teaching and learning extend the duration of using gadgets such as mobile phones
and tablets. A prolonged usage of these gadgets in a static position can lead to musculoskeletal disorders
(MSD). Therefore, this study aims to identify the risk factors related to musculoskeletal symptoms while
using gadgets during work from home due to the COVID-19 pandemic.
Method: A cross-sectional survey with online-based questionnaires was collected from the University of
Indonesia, consisting of lecturers, students, and managerial staff. The minimum number of respondents
was 1,080 and was defined by stratified random sampling. Furthermore, the dependent variable was
musculoskeletal symptoms, while the independent were age, gender, job position, duration, activity
when using gadgets, and how to hold them.
Result: Most of the respondents had mobile phones but only 16% had tablets. Furthermore, about 56.7%
have used a mobile phone for more than 10 years, while about 89.7% have used a tablet for less than 10
years. A multivariate analysis found factors that were significantly associated with MSD symptoms while
using a mobile phone, such as age, gender, web browsing activity, work, or college activities. These
activities include doing assignments and holding the phone with two hands with two thumbs actively
operating. The factors that were significantly associated with MSD symptoms when using tablets were
gender, academic position, social media activity, and placing the tablet on a table with two actively
working index fingers.
Conclusion: Therefore, from the results of this study it is necessary to have WFH and e-learning policies
to reduce MSD symptoms and enhance productivity at work.
� 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research

Institute, Korea Occupational Safety and Health Agency. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Theeducational institutions enforcedhome learning for students
and work from home (WFH) for teaching staff during the COVID-19
pandemic to prevent the spread of the virus. This also applies to the
University of Indonesia, which has implemented online teaching

and learning since March 17, 2020. The online learning or WFHwas
conducted by students, lecturers, and administrative staff through
electronic devices such as laptops and gadgets (mobile phones and
tablets). This will certainly increase the working time of the gadget
for lectures, meetings, tutoring, webinars, and other online activ-
ities. Therefore, the working time can be more than 8 hours/day.
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배경  온라인 교육과 학습은 휴대전화나 태블릿과 같은 기기를 사용하는 시간을 연장시킨

다. 이러한 기기를 장시간 고정된 자세로 사용하면 근골격계 질환(MSD)을 유발할 수 있다. 

따라서 이 연구는 COVID-19 팬데믹으로 인한 재택근무 중 도구 사용 시 근골격계 질환 증

상과 관련된 위험 요인을 파악하는 것을 목표로 한다.

방법  인도네시아 대학교에서 강사, 학생, 관리직 직원으로 구성된 설문단을 대상으로 온라

인 기반 설문지를 이용한 횡단면 설문조사를 실시하였다. 최소 응답자 수는 1,080명이었으

며 무작위 층화표본추출을 통해 선정되었다. 또한 종속변수는 근골격계 질환 증상, 독립변

수는 연령, 성별, 직위, 사용 시간, 도구 사용 시 활동량, 도구를 잡는 방법 등이었다.

결과  응답자 대부분은 휴대전화를 가지고 있었지만, 태블릿을 가지고 있는 응답자는 16%

에 불과하였다. 또한 약 56.7%는 10년 이상 휴대전화를 사용하였으며, 약 89.7%는 10년 미

만 태블릿을 사용하였다. 다변량 분석 결과 연령, 성별, 웹 브라우징 활동, 직장 또는 대학 활

동 등 휴대전화 사용 중 다발성 경화증 증상과 유의한 연관성이 있는 요인이 발견되었다. 이

러한 활동에는 과제를 수행하거나 두 손으로 휴대전화를 잡고 엄지손가락 두 개를 활발하게 

사용하는 활동이 포함된다. 태블릿 사용 시 근골격계 질환 증상과 유의한 관련이 있는 요인

은 성별, 학교에서 직위, 태블릿을 책상에 올려놓고 두 검지손가락으로 사용하는 것이었다.

결론  이 연구 결과를 통해 근골격계 질환 증상을 줄이고 직장에서 생산성을 향상시키기 위

해 재택근무 및 이러닝 정책이 필요하다.

31.  COVID-19 팬데믹으로 인한 재택근무 중 근골격계 질환 
증상의 위험 요인
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Background: Online teaching and learning extend the duration of using gadgets such as mobile phones
and tablets. A prolonged usage of these gadgets in a static position can lead to musculoskeletal disorders
(MSD). Therefore, this study aims to identify the risk factors related to musculoskeletal symptoms while
using gadgets during work from home due to the COVID-19 pandemic.
Method: A cross-sectional survey with online-based questionnaires was collected from the University of
Indonesia, consisting of lecturers, students, and managerial staff. The minimum number of respondents
was 1,080 and was defined by stratified random sampling. Furthermore, the dependent variable was
musculoskeletal symptoms, while the independent were age, gender, job position, duration, activity
when using gadgets, and how to hold them.
Result: Most of the respondents had mobile phones but only 16% had tablets. Furthermore, about 56.7%
have used a mobile phone for more than 10 years, while about 89.7% have used a tablet for less than 10
years. A multivariate analysis found factors that were significantly associated with MSD symptoms while
using a mobile phone, such as age, gender, web browsing activity, work, or college activities. These
activities include doing assignments and holding the phone with two hands with two thumbs actively
operating. The factors that were significantly associated with MSD symptoms when using tablets were
gender, academic position, social media activity, and placing the tablet on a table with two actively
working index fingers.
Conclusion: Therefore, from the results of this study it is necessary to have WFH and e-learning policies
to reduce MSD symptoms and enhance productivity at work.
� 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research

Institute, Korea Occupational Safety and Health Agency. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Theeducational institutions enforcedhome learning for students
and work from home (WFH) for teaching staff during the COVID-19
pandemic to prevent the spread of the virus. This also applies to the
University of Indonesia, which has implemented online teaching

and learning since March 17, 2020. The online learning or WFHwas
conducted by students, lecturers, and administrative staff through
electronic devices such as laptops and gadgets (mobile phones and
tablets). This will certainly increase the working time of the gadget
for lectures, meetings, tutoring, webinars, and other online activ-
ities. Therefore, the working time can be more than 8 hours/day.

Sjahrul Meizar Nasri: https://orcid.org/0000-0002-9734-4058; Indri Hapsari Susilowati: https://orcid.org/0000-0001-9903-5331; Bonardo Prayogo Hasiholan: https://
orcid.org/0000-0001-6320-0403; Akbar Nugroho Sitanggang: https://orcid.org/0000-0002-3676-3697; Ida Ayu Gede Jyotidiwy: https://orcid.org/0000-0002-2676-6253;
Nurrachmat Satria: https://orcid.org/0000-0001-8382-4627; Magda Sabrina Theofany Simanjuntak: https://orcid.org/0000-0002-5794-4876
* Corresponding author. Department of Occupational Health and Safety, Faculty of Public Health, Universitas Indonesia, C Building 1st Floor Kampus Baru UI, Depok, 16424,

Indonesia.
E-mail address: indri@ui.ac.id (I.H. Susilowati).

Contents lists available at ScienceDirect

Safety and Health at Work

journal homepage: www.e-shaw.net

2093-7911/$ e see front matter � 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research Institute, Korea Occupational Safety and
Health Agency. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
https://doi.org/10.1016/j.shaw.2023.01.002

Safety and Health at Work 14 (2023) 66e70

Original article

The Risk Factors for Musculoskeletal Symptoms During Work From
Home Due to the Covid-19 Pandemic

Sjahrul Meizar Nasri 1, Indri Hapsari Susilowati 1,*, Bonardo Prayogo Hasiholan 1,2,
Akbar Nugroho Sitanggang 1,2, Ida Ayu Gede Jyotidiwy 1, Nurrachmat Satria 1,
Magda Sabrina Theofany Simanjuntak 3

1Department of Occupational Health and Safety, Faculty of Public Health, Universitas Indonesia, C Building 1st Floor Kampus Baru UI, Depok, 16424,
Indonesia
2Directorate of Productive and Elderly Age Health, Ministry of Health Republic of Indonesia, Indonesia
3National Population and Family Planning Board Republic of Indonesia, North Sumatera Office Representative, Indonesia

a r t i c l e i n f o

Article history:
Received 19 December 2022
Received in revised form
15 January 2023
Accepted 25 January 2023
Available online 1 February 2023

Keywords:
Factors
Gadget
Musculoskeletal
Posture
Symptoms

a b s t r a c t

Background: Online teaching and learning extend the duration of using gadgets such as mobile phones
and tablets. A prolonged usage of these gadgets in a static position can lead to musculoskeletal disorders
(MSD). Therefore, this study aims to identify the risk factors related to musculoskeletal symptoms while
using gadgets during work from home due to the COVID-19 pandemic.
Method: A cross-sectional survey with online-based questionnaires was collected from the University of
Indonesia, consisting of lecturers, students, and managerial staff. The minimum number of respondents
was 1,080 and was defined by stratified random sampling. Furthermore, the dependent variable was
musculoskeletal symptoms, while the independent were age, gender, job position, duration, activity
when using gadgets, and how to hold them.
Result: Most of the respondents had mobile phones but only 16% had tablets. Furthermore, about 56.7%
have used a mobile phone for more than 10 years, while about 89.7% have used a tablet for less than 10
years. A multivariate analysis found factors that were significantly associated with MSD symptoms while
using a mobile phone, such as age, gender, web browsing activity, work, or college activities. These
activities include doing assignments and holding the phone with two hands with two thumbs actively
operating. The factors that were significantly associated with MSD symptoms when using tablets were
gender, academic position, social media activity, and placing the tablet on a table with two actively
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Conclusion: Therefore, from the results of this study it is necessary to have WFH and e-learning policies
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Background: Online teaching and learning extend the duration of using gadgets such as mobile phones
and tablets. A prolonged usage of these gadgets in a static position can lead to musculoskeletal disorders
(MSD). Therefore, this study aims to identify the risk factors related to musculoskeletal symptoms while
using gadgets during work from home due to the COVID-19 pandemic.
Method: A cross-sectional survey with online-based questionnaires was collected from the University of
Indonesia, consisting of lecturers, students, and managerial staff. The minimum number of respondents
was 1,080 and was defined by stratified random sampling. Furthermore, the dependent variable was
musculoskeletal symptoms, while the independent were age, gender, job position, duration, activity
when using gadgets, and how to hold them.
Result: Most of the respondents had mobile phones but only 16% had tablets. Furthermore, about 56.7%
have used a mobile phone for more than 10 years, while about 89.7% have used a tablet for less than 10
years. A multivariate analysis found factors that were significantly associated with MSD symptoms while
using a mobile phone, such as age, gender, web browsing activity, work, or college activities. These
activities include doing assignments and holding the phone with two hands with two thumbs actively
operating. The factors that were significantly associated with MSD symptoms when using tablets were
gender, academic position, social media activity, and placing the tablet on a table with two actively
working index fingers.
Conclusion: Therefore, from the results of this study it is necessary to have WFH and e-learning policies
to reduce MSD symptoms and enhance productivity at work.
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(MSD). Therefore, this study aims to identify the risk factors related to musculoskeletal symptoms while
using gadgets during work from home due to the COVID-19 pandemic.
Method: A cross-sectional survey with online-based questionnaires was collected from the University of
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was 1,080 and was defined by stratified random sampling. Furthermore, the dependent variable was
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a b s t r a c t

Background: This study examines quality of life (QOL) of a sample of police officers in India. The concept
of QOL includes well-being, social obligations, relationships of a person, and his association with envi-
ronment. The study examines the factors on which QOL of police officers depend and their relationships
with each other. The issues linked with QOL are important because they directly affect the individual’s
ability to maintain a healthy lifestyle and affect organizational performance in the long run. This study
explores relevant factors that have an impact on the QOL of the employees of police department in India.
Method: In this paper, literatures review, ISM, MICMAC, and DEMATEL methodology have established
eleven factors that impact the QOL of police officers in India. Mutual relations between factors have been
established using the ISM approach to develop a model to represent these relationships. DEMATEL
methodologies were used to analyze these factors.
Results: Results indicate that “fair compensation, work overload, workplace safety, and job stress” are the
top-level factors that affect QOL of police officers.
Conclusion: The identification of factors and their mutual relationships that affect QOL are important for
police officers and have to be dealt with according to their order of importance. The research model
developed in this study shows how the factors of police officers’ QOL are interrelated and presents the
interrelationships among these factors. A comprehensive model depicting the relationships among these
factors has been established, so that the QOL of police officers can be improved.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The police are responsible for maintaining public order, pre-
vention, and investigation of crimes and are the principal law
enforcement agency. As elsewhere, working in the Indian police
department is regarded as a matter of pride [1]. Due to a variety of
reasons including their exposure to conflict, abuse, and trauma,
including the risk of injury or death, police work appears to be
stressful and hazardous [2]. There are two major types of work
pressures for police officers: external factors such as injury risk, and
internal factors such as employment disputes, and strained re-
lations between seniors and subordinates [3]. The police face both
real and imaginary threats that may trigger tension and suffering
inherent in the profession [4]. Workplace climate has a significant
effect on the workers as well as their families [5]. Employees’

inability to reconcile their personal obligations and job demands
often amplifies organizational tensions leading to health problems
[6]. Work-related stress can lead to depression, which has a strong
correlation with work disability and low quality of life (QOL),
especially in police work [2]. To a large extent, employee engage-
ment and job satisfaction rely on QOL [7].

QOL is amultidimensional concept that relates to a person’swell-
being. The discussion and use of QOL as a measurable outcome in
health has increased in recent times though not so much in police
organizations. Walton [8] emphasized the importance of QOL as a
strategy for economic growth and productivity. Howard (1993)
defined QOL as both a goal and a continual process [9]. Police were
usually seen as amale-dominated organization but as morewomen
enter thework force, there is an increased awareness and concern to
consider the working time, salary, childcare, and other issues to
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배경

이 연구는 인도 경찰관 표본의 삶의 질(QOL)을 조사한다. 삶의 질의 개념에는 웰빙, 사회적 

의무, 개인의 관계 및 환경과의 연관성이 포함된다. 이 연구는 경찰관의 삶의 질이 의존하는 

요인과 서로의 관계를 조사한다. 삶의 질과 관련된 문제는 개인의 건강한 생활방식 유지능

력에 직접적인 영향을 미치고, 장기적으로 조직성과에 영향을 미치기 때문에 중요하다. 이 

연구는 인도 경찰관의 삶의 질에 영향을 미치는 관련 요인을 탐색한다. 

방법

이 연구에서는 문헌 검토, ISM, MICMAC, DEMATEL 방법론을 통해 인도 경찰관의 삶의 질

에 영향을 미치는 11가지 요인을 도출하였다. 이러한 관계를 나타내는 모델을 개발하기 위

해 ISM 접근법을 사용하여 요인 간의 상호관계를 설정하였다. 이러한 요인을 분석하기 위해 

DEMATEL 방법론이 사용되었다.

결과

분석 결과, ‘공정한 보상, 업무 과부하, 직장 안전, 직무 스트레스’가 경찰관의 삶의 질에 영향

을 미치는 최상위 요인인 것으로 나타났다.

결론

경찰관의 삶의 질에 영향을 미치는 요인과 그 상호관계를 파악하는 것은 경찰관에게 중요

하며, 그 중요도에 따라 대응해야 한다. 이 연구에서 개발된 연구모형은 경찰관의 삶의 질에 

영향을 미치는 요인들이 어떻게 상호 연관되어 있는지를 보여주고, 이들 요인 간의 상호관

계를 제시하고 있다. 이러한 요인 간의 관계를 나타내는 종합적인 모형이 구축되어 경찰관

의 삶의 질을 향상시킬 수 있을 것이다.

32.  인도 경찰관의 삶의 질에 영향을 미치는 요인 모델링: 새로운 
ISM 및 DEMATEL 접근 방식
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Background: This study examines quality of life (QOL) of a sample of police officers in India. The concept
of QOL includes well-being, social obligations, relationships of a person, and his association with envi-
ronment. The study examines the factors on which QOL of police officers depend and their relationships
with each other. The issues linked with QOL are important because they directly affect the individual’s
ability to maintain a healthy lifestyle and affect organizational performance in the long run. This study
explores relevant factors that have an impact on the QOL of the employees of police department in India.
Method: In this paper, literatures review, ISM, MICMAC, and DEMATEL methodology have established
eleven factors that impact the QOL of police officers in India. Mutual relations between factors have been
established using the ISM approach to develop a model to represent these relationships. DEMATEL
methodologies were used to analyze these factors.
Results: Results indicate that “fair compensation, work overload, workplace safety, and job stress” are the
top-level factors that affect QOL of police officers.
Conclusion: The identification of factors and their mutual relationships that affect QOL are important for
police officers and have to be dealt with according to their order of importance. The research model
developed in this study shows how the factors of police officers’ QOL are interrelated and presents the
interrelationships among these factors. A comprehensive model depicting the relationships among these
factors has been established, so that the QOL of police officers can be improved.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an
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1. Introduction

The police are responsible for maintaining public order, pre-
vention, and investigation of crimes and are the principal law
enforcement agency. As elsewhere, working in the Indian police
department is regarded as a matter of pride [1]. Due to a variety of
reasons including their exposure to conflict, abuse, and trauma,
including the risk of injury or death, police work appears to be
stressful and hazardous [2]. There are two major types of work
pressures for police officers: external factors such as injury risk, and
internal factors such as employment disputes, and strained re-
lations between seniors and subordinates [3]. The police face both
real and imaginary threats that may trigger tension and suffering
inherent in the profession [4]. Workplace climate has a significant
effect on the workers as well as their families [5]. Employees’

inability to reconcile their personal obligations and job demands
often amplifies organizational tensions leading to health problems
[6]. Work-related stress can lead to depression, which has a strong
correlation with work disability and low quality of life (QOL),
especially in police work [2]. To a large extent, employee engage-
ment and job satisfaction rely on QOL [7].

QOL is amultidimensional concept that relates to a person’swell-
being. The discussion and use of QOL as a measurable outcome in
health has increased in recent times though not so much in police
organizations. Walton [8] emphasized the importance of QOL as a
strategy for economic growth and productivity. Howard (1993)
defined QOL as both a goal and a continual process [9]. Police were
usually seen as amale-dominated organization but as morewomen
enter thework force, there is an increased awareness and concern to
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established using the ISM approach to develop a model to represent these relationships. DEMATEL
methodologies were used to analyze these factors.
Results: Results indicate that “fair compensation, work overload, workplace safety, and job stress” are the
top-level factors that affect QOL of police officers.
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Background: This study examines quality of life (QOL) of a sample of police officers in India. The concept
of QOL includes well-being, social obligations, relationships of a person, and his association with envi-
ronment. The study examines the factors on which QOL of police officers depend and their relationships
with each other. The issues linked with QOL are important because they directly affect the individual’s
ability to maintain a healthy lifestyle and affect organizational performance in the long run. This study
explores relevant factors that have an impact on the QOL of the employees of police department in India.
Method: In this paper, literatures review, ISM, MICMAC, and DEMATEL methodology have established
eleven factors that impact the QOL of police officers in India. Mutual relations between factors have been
established using the ISM approach to develop a model to represent these relationships. DEMATEL
methodologies were used to analyze these factors.
Results: Results indicate that “fair compensation, work overload, workplace safety, and job stress” are the
top-level factors that affect QOL of police officers.
Conclusion: The identification of factors and their mutual relationships that affect QOL are important for
police officers and have to be dealt with according to their order of importance. The research model
developed in this study shows how the factors of police officers’ QOL are interrelated and presents the
interrelationships among these factors. A comprehensive model depicting the relationships among these
factors has been established, so that the QOL of police officers can be improved.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an
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a b s t r a c t

Background: The exposure to solar ultraviolet radiation is a significant risk factor generally under-
estimated by outdoor workers and employers. Several studies have pointed out that occupational solar
exposure increased eye and skin diseases with a considerable impact on the lives and productivity of
affected workers.
The main purpose of this study was to evaluate the effectiveness against ultraviolet radiation of some
measures recently undertaken for the protection of lifeguards in a coastal area of Tuscany.
Methods: Different shading structures (gazebos and beach umbrella) were tested during a sunny sum-
mer’s day on a sandy beach by means of two radiometers; the UV protection offered by some T-shirts
used by lifeguards was also tested in the laboratory with a spectrophotometer.
Results: The analysed shading structures strongly reduced the ultraviolet radiation by up to 90%, how-
ever a not always negligible diffuse radiation is also present in the shade, requiring further protective
measures (T-shirt, sunglasses, sunscreen, etc.); the tested T-shirts showed a very good-excellent pro-
tection according to the Australian/New Zealand standard.
Conclusion: Results obtained in this study suggest how the adoption and dissemination of good practices,
including those tested, could be particularly effective as a primary prevention for lifeguards who are
subjected to very high levels of radiation for long periods.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Outdoor workers are exposed to the effects of weather
elements, among these, heat and high levels of solar
ultraviolet radiation are two potential important environmental
hazards.

Exposure of outdoor workers to high levels of solar ultraviolet
(UV) radiation impacts mainly on the skin, eye, and immune sys-
tem. The effect on skin and eyes can be classified as acute and
chronic: the former represented by sunburn for skin and photo-
conjunctivitis and photokeratitis for eyes, the latter by keratinocyte

Daniele Grifoni: https://orcid.org/0000-0002-0811-1624; Giulio Betti: https://orcid.org/0000-0003-4418-027X; Andrea Bogi: https://orcid.org/0000-0003-2949-7578;
Lucia Bramanti: https://orcid.org/0000-0002-6258-7797; Alessandra Chiarugi: https://orcid.org/0000-0002-7392-9350; Bernardo Gozzini: https://orcid.org/0000-0002-
0730-095X; Marco Morabito: https://orcid.org/0000-0002-8799-4866; Francesco Picciolo: https://orcid.org/0000-0002-5595-1140; Francesco Sabatini: https://orcid.org/
0000-0002-4812-4606; Lucia Miligi: https://orcid.org/0000-0002-8223-485X
* Corresponding author. Institute of Bioeconomy - National Research Council, Via Madonna del Piano, 10, 50019, Sesto Fiorentino, Italy.

E-mail address: daniele.grifoni@ibe.cnr.it (D. Grifoni).

Contents lists available at ScienceDirect

Safety and Health at Work

journal homepage: www.e-shaw.net

2093-7911/$ e see front matter � 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
https://doi.org/10.1016/j.shaw.2022.08.009

Safety and Health at Work 13 (2022) 421e428

배경  태양 자외선 노출은 야외 근무자와 사업주가 일반적으로 과소평가하는 중요한 위험 

요소이다. 여러 연구에 따르면 직업적 자외선 노출은 눈과 피부 질환을 증가시키고, 영향을 
받는 근무자의 생명과 생산성에 상당한 영향을 미친다고 지적하였다. 이 연구의 주요 목적
은 토스카나 해안 지역에서 안전요원을 보호하기 위해 최근 수행된 몇 가지 조치의 자외선 
차단 효과를 평가하는 것이었다.

방법  화창한 여름날 모래사장에서 두 대의 복사계로 다양한 그늘막 구조물(정자와 비치파

라솔)을 테스트하고, 분광광도계를 사용하여 안전요원이 착용하는 일부 티셔츠의 자외선 차
단 효과도 실험실에서 테스트하였다.

결과  분석된 그늘막 구조물은 자외선을 최대 90%까지 강력하게 감소시켰지만, 그늘막에

서도 항상 무시할 수 없는 산란복사가 존재하므로 추가적인 보호 조치(티셔츠, 선글라스, 자
외선 차단제 등)가 필요하다. 테스트한 티셔츠는 호주/뉴질랜드 표준에 따라 매우 우수-탁
월한 보호 효과를 보여주었다.

결론  이 연구에서 얻은 결과는 특히 매우 높은 수준의 방사선에 장시간 노출되는 구조 요원

에게 연구에서 검증된 것을 포함한 모범 사례를 채택하고 보급하는 것이 효과적인 1차 예방
책이 될 수 있음을 시사한다.

33.  토스카나(이탈리아)의 해변 안전요원을 위한 태양 자외선으로
부터의 보호 조치: 그늘과 복장 전략
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Background: The exposure to solar ultraviolet radiation is a significant risk factor generally under-
estimated by outdoor workers and employers. Several studies have pointed out that occupational solar
exposure increased eye and skin diseases with a considerable impact on the lives and productivity of
affected workers.
The main purpose of this study was to evaluate the effectiveness against ultraviolet radiation of some
measures recently undertaken for the protection of lifeguards in a coastal area of Tuscany.
Methods: Different shading structures (gazebos and beach umbrella) were tested during a sunny sum-
mer’s day on a sandy beach by means of two radiometers; the UV protection offered by some T-shirts
used by lifeguards was also tested in the laboratory with a spectrophotometer.
Results: The analysed shading structures strongly reduced the ultraviolet radiation by up to 90%, how-
ever a not always negligible diffuse radiation is also present in the shade, requiring further protective
measures (T-shirt, sunglasses, sunscreen, etc.); the tested T-shirts showed a very good-excellent pro-
tection according to the Australian/New Zealand standard.
Conclusion: Results obtained in this study suggest how the adoption and dissemination of good practices,
including those tested, could be particularly effective as a primary prevention for lifeguards who are
subjected to very high levels of radiation for long periods.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an
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tem. The effect on skin and eyes can be classified as acute and
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abstract

Background:Theexposuretosolarultravioletradiationisasignificantriskfactorgenerallyunder-
estimatedbyoutdoorworkersandemployers.Severalstudieshavepointedoutthatoccupationalsolar
exposureincreasedeyeandskindiseaseswithaconsiderableimpactonthelivesandproductivityof
affectedworkers.
Themainpurposeofthisstudywastoevaluatetheeffectivenessagainstultravioletradiationofsome
measuresrecentlyundertakenfortheprotectionoflifeguardsinacoastalareaofTuscany.
Methods:Differentshadingstructures(gazebosandbeachumbrella)weretestedduringasunnysum-
mer’sdayonasandybeachbymeansoftworadiometers;theUVprotectionofferedbysomeT-shirts
usedbylifeguardswasalsotestedinthelaboratorywithaspectrophotometer.
Results:Theanalysedshadingstructuresstronglyreducedtheultravioletradiationbyupto90%,how-
everanotalwaysnegligiblediffuseradiationisalsopresentintheshade,requiringfurtherprotective
measures(T-shirt,sunglasses,sunscreen,etc.);thetestedT-shirtsshowedaverygood-excellentpro-
tectionaccordingtotheAustralian/NewZealandstandard.
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a b s t r a c t

Background: The exposure to solar ultraviolet radiation is a significant risk factor generally under-
estimated by outdoor workers and employers. Several studies have pointed out that occupational solar
exposure increased eye and skin diseases with a considerable impact on the lives and productivity of
affected workers.
The main purpose of this study was to evaluate the effectiveness against ultraviolet radiation of some
measures recently undertaken for the protection of lifeguards in a coastal area of Tuscany.
Methods: Different shading structures (gazebos and beach umbrella) were tested during a sunny sum-
mer’s day on a sandy beach by means of two radiometers; the UV protection offered by some T-shirts
used by lifeguards was also tested in the laboratory with a spectrophotometer.
Results: The analysed shading structures strongly reduced the ultraviolet radiation by up to 90%, how-
ever a not always negligible diffuse radiation is also present in the shade, requiring further protective
measures (T-shirt, sunglasses, sunscreen, etc.); the tested T-shirts showed a very good-excellent pro-
tection according to the Australian/New Zealand standard.
Conclusion: Results obtained in this study suggest how the adoption and dissemination of good practices,
including those tested, could be particularly effective as a primary prevention for lifeguards who are
subjected to very high levels of radiation for long periods.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Outdoor workers are exposed to the effects of weather
elements, among these, heat and high levels of solar
ultraviolet radiation are two potential important environmental
hazards.

Exposure of outdoor workers to high levels of solar ultraviolet
(UV) radiation impacts mainly on the skin, eye, and immune sys-
tem. The effect on skin and eyes can be classified as acute and
chronic: the former represented by sunburn for skin and photo-
conjunctivitis and photokeratitis for eyes, the latter by keratinocyte
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a b s t r a c t

Background: Agricultural handle equipment is present on all production areas’ farms. They are handy
and portable; however, excessive use can lead to acute traumas or accidental injuries. Repetitive
movements, awkward postures, and hand-arm vibrations predispose them to pain and work-related
musculoskeletal disorders. The purpose of this study was to observe the interaction of handle equip-
ment in terms of electromyographic activity and analyze the postural work-related alterations.
Materials and methods: Twenty male agricultural operators, mean age 24 � 1.54 years, underwent the
electromyographic analysis testing their muscular activities with a brushcutter, electric saw, and hedge
trimmer in four different test conditions.
Results: The brushcutter proved to be the agricultural handle equipment with the higher mean fre-
quency (3.37 � 0.38 Hz) and root mean square (5.25 � 1.24 ms�2). Furthermore, the digital postural
analysis showed a general asymmetry of the main arm and the respective side of the trunk. The head
resulted right inclined in the anterior frontal plane by 5.7� � 1.2�; the right scapula lower than the left in
the posterior frontal plane (8.5� � 1.8�), and a working trunk inclination of 34.15� � 5.7�.
Conclusions: Vibrations of handle equipment and awkward working postures represent a risk for agri-
cultural operators. Preventive measures are required to avoid young operators from experiencing
musculoskeletal disorders all lifelong.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Agricultural employment comprises a large portion of the
world’s workforce, estimating 1.3 billion people involved in this
field. However, this job has been recognized as one of the most

harmful industries [1]. Agricultural handle equipment (AHE) is
present on all production areas’ farms. Brushcutters are necessary
to control weeds; electric saws and hedge trimmers to redefine the
shape of trees, bushes, and hedges. Numerous studies observed the
effects of mechanical and physicalechemical methods used for this
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배경  농업용 손잡이 장비는 모든 생산 지역의 농장에 존재한다. 편리하고 휴대가 쉽지만 과

도한 사용은 급성 외상이나 사고로 인한 부상으로 이어질 수 있다. 반복적인 움직임, 어색

한 자세, 손과 팔의 진동은 통증과 작업 관련 근골격계 질환을 유발하기 쉽다. 이 연구의 목

적은 근전도 활동 측면에서 손잡이 장비의 상호작용을 관찰하고 작업 자세와 관련된 변화를 

분석하는 것이었다.

방법  20명의 남성 농업인(평균 연령 24 ± 1.54세)을 대상으로 예초기, 전기톱, 울타리 전정

기를 사용하여 네 가지 테스트 조건에서 근육 활동을 테스트하는 근전도 분석을 실시하였다.

결과  예초기는 평균 주파수(3.37 ± 0.38 Hz)와 평균 제곱근(5.25 ± 1.24 ms-2)이 가장 높은 

농작업 장비로 나타났다. 또한 디지털 자세 분석 결과, 주 팔과 몸통의 각 측면이 전반적으

로 비대칭인 것으로 나타났다. 머리는 전방 전두면에서 5.7° ± 1.2° 오른쪽으로 기울어졌고, 

오른쪽 견갑골은 후방 전두면에서 왼쪽보다 낮았으며(8.5° ± 1.8°), 몸통 경사도는 34.15° ± 

5.7°로 나타났다.

결론  손잡이 장비의 진동과 어색한 작업 자세는 농업인에게 위험을 초래한다. 젊은 농업인

이 평생 근골격계 질환을 경험하지 않도록 예방 조치가 필요하다.

34.  근전도 및 손가락 간 진동 분석을 통한 손잡이 장비를 사용하는 
젊은 농업인에 대한 인체공학적 평가
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a b s t r a c t

Background: Agricultural handle equipment is present on all production areas’ farms. They are handy
and portable; however, excessive use can lead to acute traumas or accidental injuries. Repetitive
movements, awkward postures, and hand-arm vibrations predispose them to pain and work-related
musculoskeletal disorders. The purpose of this study was to observe the interaction of handle equip-
ment in terms of electromyographic activity and analyze the postural work-related alterations.
Materials and methods: Twenty male agricultural operators, mean age 24 � 1.54 years, underwent the
electromyographic analysis testing their muscular activities with a brushcutter, electric saw, and hedge
trimmer in four different test conditions.
Results: The brushcutter proved to be the agricultural handle equipment with the higher mean fre-
quency (3.37 � 0.38 Hz) and root mean square (5.25 � 1.24 ms�2). Furthermore, the digital postural
analysis showed a general asymmetry of the main arm and the respective side of the trunk. The head
resulted right inclined in the anterior frontal plane by 5.7� � 1.2�; the right scapula lower than the left in
the posterior frontal plane (8.5� � 1.8�), and a working trunk inclination of 34.15� � 5.7�.
Conclusions: Vibrations of handle equipment and awkward working postures represent a risk for agri-
cultural operators. Preventive measures are required to avoid young operators from experiencing
musculoskeletal disorders all lifelong.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Agricultural employment comprises a large portion of the
world’s workforce, estimating 1.3 billion people involved in this
field. However, this job has been recognized as one of the most

harmful industries [1]. Agricultural handle equipment (AHE) is
present on all production areas’ farms. Brushcutters are necessary
to control weeds; electric saws and hedge trimmers to redefine the
shape of trees, bushes, and hedges. Numerous studies observed the
effects of mechanical and physicalechemical methods used for this
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Background: Agricultural handle equipment is present on all production areas’ farms. They are handy
and portable; however, excessive use can lead to acute traumas or accidental injuries. Repetitive
movements, awkward postures, and hand-arm vibrations predispose them to pain and work-related
musculoskeletal disorders. The purpose of this study was to observe the interaction of handle equip-
ment in terms of electromyographic activity and analyze the postural work-related alterations.
Materials and methods: Twenty male agricultural operators, mean age 24 � 1.54 years, underwent the
electromyographic analysis testing their muscular activities with a brushcutter, electric saw, and hedge
trimmer in four different test conditions.
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a b s t r a c t

Background: Agricultural handle equipment is present on all production areas’ farms. They are handy
and portable; however, excessive use can lead to acute traumas or accidental injuries. Repetitive
movements, awkward postures, and hand-arm vibrations predispose them to pain and work-related
musculoskeletal disorders. The purpose of this study was to observe the interaction of handle equip-
ment in terms of electromyographic activity and analyze the postural work-related alterations.
Materials and methods: Twenty male agricultural operators, mean age 24 � 1.54 years, underwent the
electromyographic analysis testing their muscular activities with a brushcutter, electric saw, and hedge
trimmer in four different test conditions.
Results: The brushcutter proved to be the agricultural handle equipment with the higher mean fre-
quency (3.37 � 0.38 Hz) and root mean square (5.25 � 1.24 ms�2). Furthermore, the digital postural
analysis showed a general asymmetry of the main arm and the respective side of the trunk. The head
resulted right inclined in the anterior frontal plane by 5.7� � 1.2�; the right scapula lower than the left in
the posterior frontal plane (8.5� � 1.8�), and a working trunk inclination of 34.15� � 5.7�.
Conclusions: Vibrations of handle equipment and awkward working postures represent a risk for agri-
cultural operators. Preventive measures are required to avoid young operators from experiencing
musculoskeletal disorders all lifelong.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Agricultural employment comprises a large portion of the
world’s workforce, estimating 1.3 billion people involved in this
field. However, this job has been recognized as one of the most

harmful industries [1]. Agricultural handle equipment (AHE) is
present on all production areas’ farms. Brushcutters are necessary
to control weeds; electric saws and hedge trimmers to redefine the
shape of trees, bushes, and hedges. Numerous studies observed the
effects of mechanical and physicalechemical methods used for this
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musculoskeletal disorders. The purpose of this study was to observe the interaction of handle equip-
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a b s t r a c t

Background: This study investigated the association between fair and supportive leadership and
symptoms of burnout and insomnia in police employees. Burnout and insomnia can have negative
consequences for health, performance, and safety among employees in the police profession, and risk
and protective factors should be thoroughly investigated.
Methods: Data were collected in a police district in Norway through questionnaires administered in
October 2018 and May 2019. The sample consisted of 206 police employees (52% males), with an average
age of 42 years and 16 years of experience in the police occupation.
Results: The results showed that a high degree of fair and supportive leadership was associated with
lower levels of burnout and insomnia six months later. Fair and supportive leadership explained a greater
amount of variance in burnout compared to insomnia. This finding indicates that fair and supportive
leadership is a more important buffer factor against burnout than it is against insomnia. Stress was
positively associated with burnout and insomnia, whereas quantitative job demands had no significant
association with the concepts.
Conclusion: Fair and supportive leadership can help protect employees from adverse consequences of
stress and contribute to improved occupational health, whereas a low degree of support and fair
treatment from leaders can both represent a stressor by itself and contribute to poorer coping of stressful
events at work. The important role of leadership should be incorporated in measures aimed at pre-
venting and reducing burnout and sleep problems.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Burnout and insomnia are prevalent in the working population
and can affect employee performance, safety, and health [1e8].
Given that both burnout and insomnia can affect health, perfor-
mance, and the safety of police officers and their surroundings
[9,10], as well as existing as comorbidities [11e13], it is crucial to
keep levels of burnout and insomnia low among employees in the
police profession. One way of doing so is to identify shared pro-
tective factors in their specific work environment and to develop
health promoting work environments and protective strategies
based on this knowledge.

Burnout is often defined as a prolonged response to continuous
interpersonal and emotional stressors at work [14] and is charac-
terized by high levels of exhaustion and negative attitudes toward

workdoften resulting in reduced performance and mentally or
physically distancing from work [15,16]. Insomnia is a sleep disor-
der that is increasingly more common in today’s society [17] and
comprises difficulties with initiating or maintaining sleep with
reduced daytime functioning as a consequence [18].

Burnout and insomnia are distinct concepts, but they have
several negative consequences in common. Both conditions are
associated with reduced health and well-being [19e21], higher risk
for sickness absence [22e24], reduced performance, and impaired
daily functioning [5,25e28]. Finally, burnout and insomnia can
contribute to a decline in cognitive functions like attention, mem-
ory, and concentration [29,30], making them pervasive conditions
that affect all aspects of an individual’s life.

Psychosocial work factors, e.g., heavy workload, low social
support, low job control and characteristics of the organization are

Torhild Anita Sørengaard: https://orcid.org/0000-0003-4235-7844; Eva Langvik: https://orcid.org/0000-0002-4056-9459
* Corresponding author. Department of Psychology Norwegian University of Science and Technology 7491 Trondheim Norway.

E-mail address: torhild.sorengaard@ntnu.no (T.A. Sørengaard).

Contents lists available at ScienceDirect

Safety and Health at Work

journal homepage: www.e-shaw.net

2093-7911/$ e see front matter � 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
https://doi.org/10.1016/j.shaw.2022.09.002

Safety and Health at Work 13 (2022) 475e481

배경

이 연구에서는 공정하고 지지적인 리더십과 경찰관의 직무소진 및 불면증 증상 사이의 연관

성을 조사하였다. 직무소진과 불면증은 경찰관의 건강, 성과 및 안전에 부정적인 결과를 초

래할 수 있으므로 위험 및 보호 요인을 철저히 조사해야 한다.

방법

2018년 10월과 2019년 5월에 노르웨이의 한 경찰 지구에서 설문지를 통해 데이터를 수집

하였다. 표본은 206명의 경찰관(남성 52%)으로 구성되었으며, 평균 연령은 42세, 경찰관 

경력은 16년이다.

결과

조사 결과, 공정하고 지지적인 리더십이 높을수록 6개월 후 직무소진 및 불면증 수준이 낮

아지는 것으로 나타났다. 공정하고 지지적인 리더십은 불면증에 비해 직무소진의 차이를 더 

많이 설명하였다. 이 결과는 공정하고 지지적인 리더십이 불면증보다 직무소진에 대한 완충 

요인으로 더 중요하다는 것을 나타낸다. 스트레스는 직무소진 및 불면증과 양의 상관관계가 

있지만, 양적인 업무 요구는 이 두 개념과 유의한 상관관계가 없었다.

결론

공정하고 지지적인 리더십은 스트레스로 인한 부정적인 결과로부터 직원을 보호하고 직업

건강 개선에 기여할 수 있지만, 리더의 낮은 수준의 지원과 불공정한 대우는 그 자체로 스트

레스 요인이 될 수 있으며, 직장에서 발생하는 스트레스 사건에 제대로 대처하지 못하게 할 

수 있다. 리더십의 중요한 역할은 직무소진과 수면 문제를 예방하고 줄이는 조치에 통합되

어야 한다.

35. 경찰관의 직무소진에 대한 공정하고 지지적인 리더십의 보호 효과
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consequences for health, performance, and safety among employees in the police profession, and risk
and protective factors should be thoroughly investigated.
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lower levels of burnout and insomnia six months later. Fair and supportive leadership explained a greater
amount of variance in burnout compared to insomnia. This finding indicates that fair and supportive
leadership is a more important buffer factor against burnout than it is against insomnia. Stress was
positively associated with burnout and insomnia, whereas quantitative job demands had no significant
association with the concepts.
Conclusion: Fair and supportive leadership can help protect employees from adverse consequences of
stress and contribute to improved occupational health, whereas a low degree of support and fair
treatment from leaders can both represent a stressor by itself and contribute to poorer coping of stressful
events at work. The important role of leadership should be incorporated in measures aimed at pre-
venting and reducing burnout and sleep problems.
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based on this knowledge.
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several negative consequences in common. Both conditions are
associated with reduced health and well-being [19e21], higher risk
for sickness absence [22e24], reduced performance, and impaired
daily functioning [5,25e28]. Finally, burnout and insomnia can
contribute to a decline in cognitive functions like attention, mem-
ory, and concentration [29,30], making them pervasive conditions
that affect all aspects of an individual’s life.

Psychosocial work factors, e.g., heavy workload, low social
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Background: This study investigated the association between fair and supportive leadership and
symptoms of burnout and insomnia in police employees. Burnout and insomnia can have negative
consequences for health, performance, and safety among employees in the police profession, and risk
and protective factors should be thoroughly investigated.
Methods: Data were collected in a police district in Norway through questionnaires administered in
October 2018 and May 2019. The sample consisted of 206 police employees (52% males), with an average
age of 42 years and 16 years of experience in the police occupation.
Results: The results showed that a high degree of fair and supportive leadership was associated with
lower levels of burnout and insomnia six months later. Fair and supportive leadership explained a greater
amount of variance in burnout compared to insomnia. This finding indicates that fair and supportive
leadership is a more important buffer factor against burnout than it is against insomnia. Stress was
positively associated with burnout and insomnia, whereas quantitative job demands had no significant
association with the concepts.
Conclusion: Fair and supportive leadership can help protect employees from adverse consequences of
stress and contribute to improved occupational health, whereas a low degree of support and fair
treatment from leaders can both represent a stressor by itself and contribute to poorer coping of stressful
events at work. The important role of leadership should be incorporated in measures aimed at pre-
venting and reducing burnout and sleep problems.
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Background: This study investigated the association between fair and supportive leadership and
symptoms of burnout and insomnia in police employees. Burnout and insomnia can have negative
consequences for health, performance, and safety among employees in the police profession, and risk
and protective factors should be thoroughly investigated.
Methods: Data were collected in a police district in Norway through questionnaires administered in
October 2018 and May 2019. The sample consisted of 206 police employees (52% males), with an average
age of 42 years and 16 years of experience in the police occupation.
Results: The results showed that a high degree of fair and supportive leadership was associated with
lower levels of burnout and insomnia six months later. Fair and supportive leadership explained a greater
amount of variance in burnout compared to insomnia. This finding indicates that fair and supportive
leadership is a more important buffer factor against burnout than it is against insomnia. Stress was
positively associated with burnout and insomnia, whereas quantitative job demands had no significant
association with the concepts.
Conclusion: Fair and supportive leadership can help protect employees from adverse consequences of
stress and contribute to improved occupational health, whereas a low degree of support and fair
treatment from leaders can both represent a stressor by itself and contribute to poorer coping of stressful
events at work. The important role of leadership should be incorporated in measures aimed at pre-
venting and reducing burnout and sleep problems.
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Background: This study investigated the association between fair and supportive leadership and
symptoms of burnout and insomnia in police employees. Burnout and insomnia can have negative
consequences for health, performance, and safety among employees in the police profession, and risk
and protective factors should be thoroughly investigated.
Methods: Data were collected in a police district in Norway through questionnaires administered in
October 2018 and May 2019. The sample consisted of 206 police employees (52% males), with an average
age of 42 years and 16 years of experience in the police occupation.
Results: The results showed that a high degree of fair and supportive leadership was associated with
lower levels of burnout and insomnia six months later. Fair and supportive leadership explained a greater
amount of variance in burnout compared to insomnia. This finding indicates that fair and supportive
leadership is a more important buffer factor against burnout than it is against insomnia. Stress was
positively associated with burnout and insomnia, whereas quantitative job demands had no significant
association with the concepts.
Conclusion: Fair and supportive leadership can help protect employees from adverse consequences of
stress and contribute to improved occupational health, whereas a low degree of support and fair
treatment from leaders can both represent a stressor by itself and contribute to poorer coping of stressful
events at work. The important role of leadership should be incorporated in measures aimed at pre-
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Background: This study investigated the association between fair and supportive leadership and
symptoms of burnout and insomnia in police employees. Burnout and insomnia can have negative
consequences for health, performance, and safety among employees in the police profession, and risk
and protective factors should be thoroughly investigated.
Methods: Data were collected in a police district in Norway through questionnaires administered in
October 2018 and May 2019. The sample consisted of 206 police employees (52% males), with an average
age of 42 years and 16 years of experience in the police occupation.
Results: The results showed that a high degree of fair and supportive leadership was associated with
lower levels of burnout and insomnia six months later. Fair and supportive leadership explained a greater
amount of variance in burnout compared to insomnia. This finding indicates that fair and supportive
leadership is a more important buffer factor against burnout than it is against insomnia. Stress was
positively associated with burnout and insomnia, whereas quantitative job demands had no significant
association with the concepts.
Conclusion: Fair and supportive leadership can help protect employees from adverse consequences of
stress and contribute to improved occupational health, whereas a low degree of support and fair
treatment from leaders can both represent a stressor by itself and contribute to poorer coping of stressful
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Background: This study investigated the association between fair and supportive leadership and
symptoms of burnout and insomnia in police employees. Burnout and insomnia can have negative
consequences for health, performance, and safety among employees in the police profession, and risk
and protective factors should be thoroughly investigated.
Methods: Data were collected in a police district in Norway through questionnaires administered in
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Results: The results showed that a high degree of fair and supportive leadership was associated with
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leadership is a more important buffer factor against burnout than it is against insomnia. Stress was
positively associated with burnout and insomnia, whereas quantitative job demands had no significant
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Background: Although sick leave is a complex phenomenon, it is believed that there is potential for
prevention at the workplace. However, little is known about this potential and what specific measures
should be implemented. The purpose of the study was to identify perceived reasons to take work-related
sick leave and to suggest preventive measures. The study was completed before the COVID-19 pandemic
emerged, and the risk factors identified may have been amplified during the pandemic.
Methods: An in-depth cross-sectional survey was conducted across a randomly selected sample of
hospital nurses in Norway. The national sample comprised 1,297 nurses who participated in a survey
about their sick leave during the previous 6 months. An open-ended question about perceived reasons
for work-related sick leave was included to gather qualitative information.
Results: Among hospital nurses, 27% of the last occurring sick leave incidents were perceived to be work-
related. The most common reasons were high physical workload, high work pace, sleep problems,
catching a viral or bacterial infection from patients or colleagues, and low staffing.
Conclusions: Over a quarter of the last occurring sick leave incidents among Norwegian hospital nurses
are potentially preventable. To retain and optimize scarce hospital nursing resources, strategies to reduce
work-related sick leave may provide human and financial benefits. Preventive measures may include
careful monitoring of nurses’ workload and pace, optimizing work schedules to reduce the risk of sleep
problems, and increasing staffing to prevent stress and work overload.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Background

The population is aging in all industrialized countries, and the
need for health services will increase as the supply of labor de-
creases. This trend implies that labor resources must be utilized
effectively, especially in the highly labor-intensive health services.
However, indicators of current labor underutilization of the health
workforce include low retirement age, extensive use of part-time
work, and high sick leave rates.

Sick leave is costly, and many work hours are lost every day. The
factors contributing to work-related sick leave may be similar to
those causing early retirement, reduced labor supply through
voluntary part-time work, and intention to leave [1,2]. A systematic
and effective effort to reduce work-related sick leave in the health
sector may have a major economic impact in most countries.

Registered nurses comprise the largest component of the health
workforce, and the international nursing shortage is a reality [3]
and increasing the retention rate of nurses in the profession re-
mains a key issue in most countries in the European Union to avoid
current and future shortages [4].

More qualitative knowledge about hospital nurses’work-related
sick leavemay help in identifying appropriate preventivemeasures.
The relationship between sick leave and poor working conditions
has been extensively researched in recent decades, and various
conditions have been shown to be significantly associated with sick
leave. For example, a study of Finnish hospital nurses concluded
that there is a direct relationship between increasing workload and
increasing sick leave [5]. Other researchers have suggested that sick
leavemay be related to the considerable psychological job demands
placed on nurses and the perceived lack of supervisor support [6].
Interventions to improve the psychosocial work environment have
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배경

병가는 복잡한 현상이지만 예방할 수 있는 잠재력이 직장에 있다고 본다. 그러나 이러한 잠
재력과 구체적으로 어떤 조치를 해야 하는지에 대해서는 알려진 바가 거의 없다. 이 연구의 
목적은 업무상의 이유로 병가를 사용하는 이유를 파악하고 예방 조치를 제안하는 것이다. 
이 연구는 코로나19 팬데믹이 발생하기 전에 완료되었으며, 확인된 위험 요인은 팬데믹 기
간에 증폭되었을 수 있다.

방법

노르웨이에서 병원 간호사 표본을 대상으로 무작위로 선정하여 심층 횡단면 설문조사를 실
시하였다. 전국 표본은 지난 6개월 동안 병가에 관한 설문조사에 참여한 1,297명의 간호사
로 구성되었다. 질적 정보를 수집하기 위해 업무 관련 병가 사유에 대한 개방형 질문도 포함
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Background: Although sick leave is a complex phenomenon, it is believed that there is potential for
prevention at the workplace. However, little is known about this potential and what specific measures
should be implemented. The purpose of the study was to identify perceived reasons to take work-related
sick leave and to suggest preventive measures. The study was completed before the COVID-19 pandemic
emerged, and the risk factors identified may have been amplified during the pandemic.
Methods: An in-depth cross-sectional survey was conducted across a randomly selected sample of
hospital nurses in Norway. The national sample comprised 1,297 nurses who participated in a survey
about their sick leave during the previous 6 months. An open-ended question about perceived reasons
for work-related sick leave was included to gather qualitative information.
Results: Among hospital nurses, 27% of the last occurring sick leave incidents were perceived to be work-
related. The most common reasons were high physical workload, high work pace, sleep problems,
catching a viral or bacterial infection from patients or colleagues, and low staffing.
Conclusions: Over a quarter of the last occurring sick leave incidents among Norwegian hospital nurses
are potentially preventable. To retain and optimize scarce hospital nursing resources, strategies to reduce
work-related sick leave may provide human and financial benefits. Preventive measures may include
careful monitoring of nurses’ workload and pace, optimizing work schedules to reduce the risk of sleep
problems, and increasing staffing to prevent stress and work overload.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an
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1. Background

The population is aging in all industrialized countries, and the
need for health services will increase as the supply of labor de-
creases. This trend implies that labor resources must be utilized
effectively, especially in the highly labor-intensive health services.
However, indicators of current labor underutilization of the health
workforce include low retirement age, extensive use of part-time
work, and high sick leave rates.

Sick leave is costly, and many work hours are lost every day. The
factors contributing to work-related sick leave may be similar to
those causing early retirement, reduced labor supply through
voluntary part-time work, and intention to leave [1,2]. A systematic
and effective effort to reduce work-related sick leave in the health
sector may have a major economic impact in most countries.

Registered nurses comprise the largest component of the health
workforce, and the international nursing shortage is a reality [3]
and increasing the retention rate of nurses in the profession re-
mains a key issue in most countries in the European Union to avoid
current and future shortages [4].

More qualitative knowledge about hospital nurses’work-related
sick leavemay help in identifying appropriate preventivemeasures.
The relationship between sick leave and poor working conditions
has been extensively researched in recent decades, and various
conditions have been shown to be significantly associated with sick
leave. For example, a study of Finnish hospital nurses concluded
that there is a direct relationship between increasing workload and
increasing sick leave [5]. Other researchers have suggested that sick
leavemay be related to the considerable psychological job demands
placed on nurses and the perceived lack of supervisor support [6].
Interventions to improve the psychosocial work environment have
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The aim was to describe out-of-hospital cardiac arrest (OHCA) occurring in the workplace of a large
emergency network, and compare the evolution of their management in the last 15 years. A retrospective
study based on data from the Northern Alps Emergency Network compared characteristics of OHCA
between cases in and out the workplace, and between cases occurring from January 2004 to December
2010 and from January 2011 to December 2017. Among the 15,320 OHCA cases included, 320 occurred in
the workplace (2.1%). They were more often in younger men, and happened more frequently in an area
with access to public defibrillation, had more often a shockable rhythm, had a cardiopulmonary resus-
citation started by a bystander more frequently, and had a better outcome. Cardiopulmonary resusci-
tation started by a bystander was the only chain of survival link that improved for cases occurring after
December 2010. Workplace OHCA seems to be managed more effectively than others; however, only a
slight survival improvement was observed, suggesting that progress is still needed.
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Out-of-hospital cardiac arrest (OHCA) remains a leading cause of
mortality among adults in theworld [1]. Many improvements of the
OHCA management have been made in the last two decades [2].
However, the overall prognosis and neurological outcomes are
relatively poor following OHCA, with few improvements during the
past three decades [3], though these outcomes have improved for
in-hospital cardiac arrest cases [4].

Although OHCA cases in the workplace are rare, they have singu-
larities compared to other locations in terms of population and chain

of survival [5,6]. OHCA in occupational settings are associated with a
better immediate prognosis than OHCA cases occurring elsewhere,
and the number of years of life saved is generally high because of the
age of the victims. However, even though some studies have focused
on workplace location management and outcomes [7e11], the evo-
lution of OHCAmanagement in the last 15 years is yet to be evaluated.

After describing OHCA cases occurring in the workplace of a
large emergency network, we aimed to analyze the evolution of the
management of OHCA in the last 15 years.
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OHCA management have been made in the last two decades [2].
However, the overall prognosis and neurological outcomes are
relatively poor following OHCA, with few improvements during the
past three decades [3], though these outcomes have improved for
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Although OHCA cases in the workplace are rare, they have singu-
larities compared to other locations in terms of population and chain

of survival [5,6]. OHCA in occupational settings are associated with a
better immediate prognosis than OHCA cases occurring elsewhere,
and the number of years of life saved is generally high because of the
age of the victims. However, even though some studies have focused
on workplace location management and outcomes [7e11], the evo-
lution of OHCAmanagement in the last 15 years is yet to be evaluated.

After describing OHCA cases occurring in the workplace of a
large emergency network, we aimed to analyze the evolution of the
management of OHCA in the last 15 years.
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mortality among adults in theworld [1]. Many improvements of the
OHCA management have been made in the last two decades [2].
However, the overall prognosis and neurological outcomes are
relatively poor following OHCA, with few improvements during the
past three decades [3], though these outcomes have improved for
in-hospital cardiac arrest cases [4].

Although OHCA cases in the workplace are rare, they have singu-
larities compared to other locations in terms of population and chain

of survival [5,6]. OHCA in occupational settings are associated with a
better immediate prognosis than OHCA cases occurring elsewhere,
and the number of years of life saved is generally high because of the
age of the victims. However, even though some studies have focused
on workplace location management and outcomes [7e11], the evo-
lution of OHCAmanagement in the last 15 years is yet to be evaluated.

After describing OHCA cases occurring in the workplace of a
large emergency network, we aimed to analyze the evolution of the
management of OHCA in the last 15 years.
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OHCA management have been made in the last two decades [2].
However, the overall prognosis and neurological outcomes are
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better immediate prognosis than OHCA cases occurring elsewhere,
and the number of years of life saved is generally high because of the
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on workplace location management and outcomes [7e11], the evo-
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emergency network, and compare the evolution of their management in the last 15 years. A retrospective
study based on data from the Northern Alps Emergency Network compared characteristics of OHCA
between cases in and out the workplace, and between cases occurring from January 2004 to December
2010 and from January 2011 to December 2017. Among the 15,320 OHCA cases included, 320 occurred in
the workplace (2.1%). They were more often in younger men, and happened more frequently in an area
with access to public defibrillation, had more often a shockable rhythm, had a cardiopulmonary resus-
citation started by a bystander more frequently, and had a better outcome. Cardiopulmonary resusci-
tation started by a bystander was the only chain of survival link that improved for cases occurring after
December 2010. Workplace OHCA seems to be managed more effectively than others; however, only a
slight survival improvement was observed, suggesting that progress is still needed.
� 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research

Institute, Korea Occupational Safety and Health Agency. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Out-of-hospital cardiac arrest (OHCA) remains a leading cause of
mortality among adults in theworld [1]. Many improvements of the
OHCA management have been made in the last two decades [2].
However, the overall prognosis and neurological outcomes are
relatively poor following OHCA, with few improvements during the
past three decades [3], though these outcomes have improved for
in-hospital cardiac arrest cases [4].

Although OHCA cases in the workplace are rare, they have singu-
larities compared to other locations in terms of population and chain

of survival [5,6]. OHCA in occupational settings are associated with a
better immediate prognosis than OHCA cases occurring elsewhere,
and the number of years of life saved is generally high because of the
age of the victims. However, even though some studies have focused
on workplace location management and outcomes [7e11], the evo-
lution of OHCAmanagement in the last 15 years is yet to be evaluated.

After describing OHCA cases occurring in the workplace of a
large emergency network, we aimed to analyze the evolution of the
management of OHCA in the last 15 years.
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Background: While the organizational factors that account for firefighters’ burnout have been extensively
explored, the individual factors related to how they regulate interpersonal conflicts and emotions remain
to be investigated. Previous research has demonstrated the association between emotional intelligence
and conflict management styles and burnout, but no study has looked at the interrelationships among
these factors in high-risk sectors. The present exploratory study aimed to fill this research gap by
investigating the relationships between conflict management style, emotional intelligence and burnout
in a sample of firefighters.
Methods: A cross-sectional study was conducted with 240 French firefighters. Measures comprised
validated scales of conflict management styles, emotional intelligence and burnout.
Results: Results showed that the integrating conflict style reduced burnout. They also revealed the effects
of emotion regulation on burnout, whereby the awareness and management of one’s own emotions
reduced burnout. Moreover, awareness of one’s own emotions moderated the relationship between
integrating conflict resolution style and burnout, whereby the effect of integrating style on reduced
burnout was higher when awareness of one’s own emotions was high.
Conclusion: These results reveal that strategies used by firefighters to regulate their emotions in order to
meet the emotional demands specific to their job are important for reducing the emotional exhaustion
component of burnout. Training programs for conflict and emotion management are needed to preserve
the mental health of firefighters and ensure the safety of interventions.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Firefighters work in high-risk emergency situations involving
considerable physical, mental and emotional demands [1]. They
must copewithmany occupational stressors such as physical strain,
irregular work hours, time pressure, shift work, work-family con-
flict, and insults on the public highway [2e4]. They are exposed to
emotional demands in terms of regulation and suppression of
emotions [5]. Studies on firefighters’ mental health have reported
that they may suffer from burnout, depression, and suicidal ideas
[1e3,5,6]. There has been growing academic interest in firefighters’
occupational stress and burnout [2,4,7e13]. Burnout is broadly
defined in terms of three components: emotional exhaustion,
cynicism and reduced personal accomplishment [14,15]. Research
conducted in high-risk contexts has found that burnout leads to
physical fatigue, job dissatisfaction, intention to quit the job, and

critical incidents. In extreme cases, burnout may lead to depression
and suicidality [11].

According to job stress models [16e18], burnout may occur
when there is an imbalance between the job demands and the
resources available inwork situations. According to the job demand
- resource (JD-R) model [16,19], risk factors are categorized as job
demands, and protective factors as job resources. For firefighters,
these resources have been studied in relation to work organization
and social support [2], safety climate and safety-specific trans-
formational type of leadership [20], and to personal factors such as
personality traits or individual differences used to mitigate prob-
lems caused by high job demands [16,21,22]. Studies show that the
personal resources that buffer burnout include individual factors or
personality characteristics such as self-efficacy, hardiness, resil-
ience, hope or optimism, and emotional intelligence [11,22e26].
While there has been extensive investigation of the contextual and
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배경

소방관의 직무소진을 설명하는 조직적 요인은 광범위하게 연구되어 왔지만, 대인관계 갈등

과 감정을 조절하는 방식과 관련된 개인적 요인은 아직 조사되지 않았다. 이전 연구에서는 

감성 지능과 갈등관리 유형, 직무소진 사이의 연관성이 입증되었지만, 고위험 직군에서 이

러한 요인 간의 상호관계를 살펴본 연구는 없었다. 이 탐색적 연구는 소방관 표본을 대상으

로 갈등관리 유형, 감성 지능, 직무소진 사이의 관계를 조사하여 이러한 연구 공백을 메우는 

것을 목표로 하였다.

방법

240명의 프랑스 소방관을 대상으로 횡단면 연구를 실시하였다. 측정은 갈등관리 유형, 감

성 지능, 직무소진에 대한 검증된 척도로 구성되었다.

결과

연구 결과, 통합적 갈등관리 유형이 직무소진을 감소시키는 것으로 나타났다. 또한, 감정 조

절이 직무소진에 미치는 영향도 밝혀졌는데, 자신의 감정을 인식하고 관리할수록 직무소진

이 감소하였다. 그리고 자신의 감정에 대한 인식은 통합적 갈등 해결 유형과 직무소진 사이

의 관계를 매개하여, 자신의 감정에 대한 인식이 높을 때 통합적 유형이 직무소진 감소에 미

치는 영향이 더 높았다.

결론

이러한 결과는 소방관이 자신의 직무에 따른 정서적 요구를 충족하기 위해 감정을 조절하는 

데 사용하는 전략이 직무소진의 정서적 탈진 요소를 줄이는 데 중요하다는 것을 보여준다. 

소방관의 정신건강을 지키고 방제작업의 안전을 보장하기 위해서는 갈등 및 감정 관리를 위

한 교육 프로그램이 필요하다.

38.  소방관의 갈등관리 유형과 직무소진 사이의 관계에 대한 
감성 지능의 중재 역할
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Background: While the organizational factors that account for firefighters’ burnout have been extensively
explored, the individual factors related to how they regulate interpersonal conflicts and emotions remain
to be investigated. Previous research has demonstrated the association between emotional intelligence
and conflict management styles and burnout, but no study has looked at the interrelationships among
these factors in high-risk sectors. The present exploratory study aimed to fill this research gap by
investigating the relationships between conflict management style, emotional intelligence and burnout
in a sample of firefighters.
Methods: A cross-sectional study was conducted with 240 French firefighters. Measures comprised
validated scales of conflict management styles, emotional intelligence and burnout.
Results: Results showed that the integrating conflict style reduced burnout. They also revealed the effects
of emotion regulation on burnout, whereby the awareness and management of one’s own emotions
reduced burnout. Moreover, awareness of one’s own emotions moderated the relationship between
integrating conflict resolution style and burnout, whereby the effect of integrating style on reduced
burnout was higher when awareness of one’s own emotions was high.
Conclusion: These results reveal that strategies used by firefighters to regulate their emotions in order to
meet the emotional demands specific to their job are important for reducing the emotional exhaustion
component of burnout. Training programs for conflict and emotion management are needed to preserve
the mental health of firefighters and ensure the safety of interventions.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Firefighters work in high-risk emergency situations involving
considerable physical, mental and emotional demands [1]. They
must copewithmany occupational stressors such as physical strain,
irregular work hours, time pressure, shift work, work-family con-
flict, and insults on the public highway [2e4]. They are exposed to
emotional demands in terms of regulation and suppression of
emotions [5]. Studies on firefighters’ mental health have reported
that they may suffer from burnout, depression, and suicidal ideas
[1e3,5,6]. There has been growing academic interest in firefighters’
occupational stress and burnout [2,4,7e13]. Burnout is broadly
defined in terms of three components: emotional exhaustion,
cynicism and reduced personal accomplishment [14,15]. Research
conducted in high-risk contexts has found that burnout leads to
physical fatigue, job dissatisfaction, intention to quit the job, and

critical incidents. In extreme cases, burnout may lead to depression
and suicidality [11].

According to job stress models [16e18], burnout may occur
when there is an imbalance between the job demands and the
resources available inwork situations. According to the job demand
- resource (JD-R) model [16,19], risk factors are categorized as job
demands, and protective factors as job resources. For firefighters,
these resources have been studied in relation to work organization
and social support [2], safety climate and safety-specific trans-
formational type of leadership [20], and to personal factors such as
personality traits or individual differences used to mitigate prob-
lems caused by high job demands [16,21,22]. Studies show that the
personal resources that buffer burnout include individual factors or
personality characteristics such as self-efficacy, hardiness, resil-
ience, hope or optimism, and emotional intelligence [11,22e26].
While there has been extensive investigation of the contextual and
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Background: While the organizational factors that account for firefighters’ burnout have been extensively
explored, the individual factors related to how they regulate interpersonal conflicts and emotions remain
to be investigated. Previous research has demonstrated the association between emotional intelligence
and conflict management styles and burnout, but no study has looked at the interrelationships among
these factors in high-risk sectors. The present exploratory study aimed to fill this research gap by
investigating the relationships between conflict management style, emotional intelligence and burnout
in a sample of firefighters.
Methods: A cross-sectional study was conducted with 240 French firefighters. Measures comprised
validated scales of conflict management styles, emotional intelligence and burnout.
Results: Results showed that the integrating conflict style reduced burnout. They also revealed the effects
of emotion regulation on burnout, whereby the awareness and management of one’s own emotions
reduced burnout. Moreover, awareness of one’s own emotions moderated the relationship between
integrating conflict resolution style and burnout, whereby the effect of integrating style on reduced
burnout was higher when awareness of one’s own emotions was high.
Conclusion: These results reveal that strategies used by firefighters to regulate their emotions in order to
meet the emotional demands specific to their job are important for reducing the emotional exhaustion
component of burnout. Training programs for conflict and emotion management are needed to preserve
the mental health of firefighters and ensure the safety of interventions.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an
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1. Introduction

Firefighters work in high-risk emergency situations involving
considerable physical, mental and emotional demands [1]. They
must copewithmany occupational stressors such as physical strain,
irregular work hours, time pressure, shift work, work-family con-
flict, and insults on the public highway [2e4]. They are exposed to
emotional demands in terms of regulation and suppression of
emotions [5]. Studies on firefighters’ mental health have reported
that they may suffer from burnout, depression, and suicidal ideas
[1e3,5,6]. There has been growing academic interest in firefighters’
occupational stress and burnout [2,4,7e13]. Burnout is broadly
defined in terms of three components: emotional exhaustion,
cynicism and reduced personal accomplishment [14,15]. Research
conducted in high-risk contexts has found that burnout leads to
physical fatigue, job dissatisfaction, intention to quit the job, and

critical incidents. In extreme cases, burnout may lead to depression
and suicidality [11].

According to job stress models [16e18], burnout may occur
when there is an imbalance between the job demands and the
resources available inwork situations. According to the job demand
- resource (JD-R) model [16,19], risk factors are categorized as job
demands, and protective factors as job resources. For firefighters,
these resources have been studied in relation to work organization
and social support [2], safety climate and safety-specific trans-
formational type of leadership [20], and to personal factors such as
personality traits or individual differences used to mitigate prob-
lems caused by high job demands [16,21,22]. Studies show that the
personal resources that buffer burnout include individual factors or
personality characteristics such as self-efficacy, hardiness, resil-
ience, hope or optimism, and emotional intelligence [11,22e26].
While there has been extensive investigation of the contextual and
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Background: While the organizational factors that account for firefighters’ burnout have been extensively
explored, the individual factors related to how they regulate interpersonal conflicts and emotions remain
to be investigated. Previous research has demonstrated the association between emotional intelligence
and conflict management styles and burnout, but no study has looked at the interrelationships among
these factors in high-risk sectors. The present exploratory study aimed to fill this research gap by
investigating the relationships between conflict management style, emotional intelligence and burnout
in a sample of firefighters.
Methods: A cross-sectional study was conducted with 240 French firefighters. Measures comprised
validated scales of conflict management styles, emotional intelligence and burnout.
Results: Results showed that the integrating conflict style reduced burnout. They also revealed the effects
of emotion regulation on burnout, whereby the awareness and management of one’s own emotions
reduced burnout. Moreover, awareness of one’s own emotions moderated the relationship between
integrating conflict resolution style and burnout, whereby the effect of integrating style on reduced
burnout was higher when awareness of one’s own emotions was high.
Conclusion: These results reveal that strategies used by firefighters to regulate their emotions in order to
meet the emotional demands specific to their job are important for reducing the emotional exhaustion
component of burnout. Training programs for conflict and emotion management are needed to preserve
the mental health of firefighters and ensure the safety of interventions.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an
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1. Introduction

Firefighters work in high-risk emergency situations involving
considerable physical, mental and emotional demands [1]. They
must copewithmany occupational stressors such as physical strain,
irregular work hours, time pressure, shift work, work-family con-
flict, and insults on the public highway [2e4]. They are exposed to
emotional demands in terms of regulation and suppression of
emotions [5]. Studies on firefighters’ mental health have reported
that they may suffer from burnout, depression, and suicidal ideas
[1e3,5,6]. There has been growing academic interest in firefighters’
occupational stress and burnout [2,4,7e13]. Burnout is broadly
defined in terms of three components: emotional exhaustion,
cynicism and reduced personal accomplishment [14,15]. Research
conducted in high-risk contexts has found that burnout leads to
physical fatigue, job dissatisfaction, intention to quit the job, and

critical incidents. In extreme cases, burnout may lead to depression
and suicidality [11].

According to job stress models [16e18], burnout may occur
when there is an imbalance between the job demands and the
resources available inwork situations. According to the job demand
- resource (JD-R) model [16,19], risk factors are categorized as job
demands, and protective factors as job resources. For firefighters,
these resources have been studied in relation to work organization
and social support [2], safety climate and safety-specific trans-
formational type of leadership [20], and to personal factors such as
personality traits or individual differences used to mitigate prob-
lems caused by high job demands [16,21,22]. Studies show that the
personal resources that buffer burnout include individual factors or
personality characteristics such as self-efficacy, hardiness, resil-
ience, hope or optimism, and emotional intelligence [11,22e26].
While there has been extensive investigation of the contextual and
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Background: While the organizational factors that account for firefighters’ burnout have been extensively
explored, the individual factors related to how they regulate interpersonal conflicts and emotions remain
to be investigated. Previous research has demonstrated the association between emotional intelligence
and conflict management styles and burnout, but no study has looked at the interrelationships among
these factors in high-risk sectors. The present exploratory study aimed to fill this research gap by
investigating the relationships between conflict management style, emotional intelligence and burnout
in a sample of firefighters.
Methods: A cross-sectional study was conducted with 240 French firefighters. Measures comprised
validated scales of conflict management styles, emotional intelligence and burnout.
Results: Results showed that the integrating conflict style reduced burnout. They also revealed the effects
of emotion regulation on burnout, whereby the awareness and management of one’s own emotions
reduced burnout. Moreover, awareness of one’s own emotions moderated the relationship between
integrating conflict resolution style and burnout, whereby the effect of integrating style on reduced
burnout was higher when awareness of one’s own emotions was high.
Conclusion: These results reveal that strategies used by firefighters to regulate their emotions in order to
meet the emotional demands specific to their job are important for reducing the emotional exhaustion
component of burnout. Training programs for conflict and emotion management are needed to preserve
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1. Introduction

Firefighters work in high-risk emergency situations involving
considerable physical, mental and emotional demands [1]. They
must copewithmany occupational stressors such as physical strain,
irregular work hours, time pressure, shift work, work-family con-
flict, and insults on the public highway [2e4]. They are exposed to
emotional demands in terms of regulation and suppression of
emotions [5]. Studies on firefighters’ mental health have reported
that they may suffer from burnout, depression, and suicidal ideas
[1e3,5,6]. There has been growing academic interest in firefighters’
occupational stress and burnout [2,4,7e13]. Burnout is broadly
defined in terms of three components: emotional exhaustion,
cynicism and reduced personal accomplishment [14,15]. Research
conducted in high-risk contexts has found that burnout leads to
physical fatigue, job dissatisfaction, intention to quit the job, and

critical incidents. In extreme cases, burnout may lead to depression
and suicidality [11].

According to job stress models [16e18], burnout may occur
when there is an imbalance between the job demands and the
resources available inwork situations. According to the job demand
- resource (JD-R) model [16,19], risk factors are categorized as job
demands, and protective factors as job resources. For firefighters,
these resources have been studied in relation to work organization
and social support [2], safety climate and safety-specific trans-
formational type of leadership [20], and to personal factors such as
personality traits or individual differences used to mitigate prob-
lems caused by high job demands [16,21,22]. Studies show that the
personal resources that buffer burnout include individual factors or
personality characteristics such as self-efficacy, hardiness, resil-
ience, hope or optimism, and emotional intelligence [11,22e26].
While there has been extensive investigation of the contextual and
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In the globalized field of safety, health, and well-being, the need to build multi-stakeholder alliances to
find solutions to complex challenges is growing. This requires common ground for collaboration, as well
as concepts and tools to grasp and manage the areas of interest. Over recent years, Vision Zero has
awakened interest and it continues to evolve into many forms of approaches and initiatives, which
provide a strategic direction and practical tools for supporting the development of safety, health, and
well-being at work. Consequently, there is a need to build a shared understanding of ‘zero’. This article
reflects the potential of Vision Zero as a bridging concept and an approach for building multi-stakeholder
collaboration. Thus, we present a multi-perspective framework of Vision Zero to support further dialoge
and collaboration in joint undertakings.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an
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1. Introduction

Zero-related terminology has a decades-long history in safety-
related fields. The very concept of Vision Zero (VZ) originates
from the Swedish road traffic safety, fromwhich it has expanded to
international road traffic safety policy and to other accident
prevention areas [1,2]. In recent years, VZ has awakened increasing
interest in occupational health and safety (OSH) and has gained
ground as a prevention strategy. The focus is mainly not only
on how to establish and develop a prevention culture in
enterprises but also morewidely in networks across sectors, as well
as at national [3], and global levels [4,5].

Here, we comprehend Vision Zero as a concept and approach
that features the aspects of safety, health, and well-being (SHW) at
work. Inwork organizations, this relates to the view that ‘VZ should
be regarded as a holistic vision, wherein health, safety, and well-
being at work are all addressed, and synergies between these
areas are recognized and utilized’ [6]. Well-being at work, although
there is no consensus on its definition, expands the focus from the
absence of negative consequences, such as accidents and diseases,
to the mental and social dimensions of work [7]. As it also includes
positive features related to work and personal life, well-being at
work is seen as a determinant of productivity at the individual,

enterprise, and societal level [8]. Along these lines, we relate VZ to
the continuous development and improvement of SHW at work,
which encompasses both effective measures to prevent work-
related accidents and diseases and innovative practices to
promote SWH at different levels of policy and practice. Further, we
view that, VZ values human life and underlines ethical business and
work life principles: the implementation of VZ should not have
consequences that weaken anyone’s SHW at work, neither in
workplaces nor in wider supply chains.

As Vision Zero continues to evolve in many forms of global and
national initiatives and strategies, as well as sector- and company-
level programmes, the need to build a shared understanding of the
concept is growing: What does VZ stand for and how it is applied
among the wide variety of stakeholders such as business and
sustainability managers, OSH practitioners, policymakers, NGOs,
authorities, and academics? By shared understanding, we do not
mean that there is, or should be, one universal definition of or
approach to VZ. On the contrary, we maintain that the potential of
VZ lays in the synergy that aligning different perspectives gener-
ates, in terms of both the prevention of accidents and the promo-
tion of SHW at work.

In this article, we view Vision Zero in the context of building
multi-stakeholder collaboration in the changing world of work.
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세계화 과정에서 안전, 건강 및 안녕 분야에서 복잡한 도전과제에 대한 해결책을 찾기 위해 

여러 이해관계자 간 협력을 구축해야 할 필요성이 커지고 있다. 이를 위해서는 협업을 위한 

공통 기반과 관심 분야를 파악하고 관리할 수 있는 개념과 도구가 필요하다. 최근 몇 년 동

안 비전 제로 프로젝트는 관심을 불러일으키며 다양한 형태의 접근과 주도권으로 계속 발

전했고, 이는 직장에서 안전, 건강 및 안녕의 발전을 지원하기 위한 전략적 방향과 실용적인 

도구를 제공해 왔다. 이에 따라 “제로”에 대한 공통된 이해를 구축할 필요가 있다. 이 글에서

는 여러 이해관계자의 협업을 구축하기 위한 가교 개념이자 접근 방식으로써 비전 제로의 

잠재력을 담고 있으며, 공동의 행동을 위한 대화와 협업의 토대인 비전 제로의 다각적 관심

의 틀을 제시한다.

39.  비전 제로의 다각적 프레임워크: 직장에서의 안전, 건강 및 
웰빙의 공동 증진을 위한 노력
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enterprises but also morewidely in networks across sectors, as well
as at national [3], and global levels [4,5].

Here, we comprehend Vision Zero as a concept and approach
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being at work are all addressed, and synergies between these
areas are recognized and utilized’ [6]. Well-being at work, although
there is no consensus on its definition, expands the focus from the
absence of negative consequences, such as accidents and diseases,
to the mental and social dimensions of work [7]. As it also includes
positive features related to work and personal life, well-being at
work is seen as a determinant of productivity at the individual,

enterprise, and societal level [8]. Along these lines, we relate VZ to
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which encompasses both effective measures to prevent work-
related accidents and diseases and innovative practices to
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approach to VZ. On the contrary, we maintain that the potential of
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a b s t r a c t

Background: The risk observatory (RO) of the German Social Accident Insurance (DGUV) provides stra-
tegic support to the German Social Accident Insurance Institutions (GSAII) in proactive prevention. It
does so by identifying future challenges and opportunities for occupational safety and health (OSH)
resulting from new trends and developments that affect employees as well as children in elementary
education, pupils, and students.
Methods: The core of the RO is an online survey that relies on a pool of new trends and developments
identified via internet and literature research. 865 prevention experts of the GSAII and the DGUV
participated in the survey. They rated trends and developments regarding their sector-specific risks and
opportunities for OSH in the 5 years to come.
Results: Sector-specific and over-all results show that besides well-known OSH risks such as musculo-
skeletal stress and noise, developments relevant for OSH come to the fore that do not have their origin in
work itself, but are strongly influenced by political, social, economic, environmental, or technical de-
velopments that accident insurance can only peripherally influence. Shortage of skilled staff was iden-
tified as a threat to OSH in almost all sectors.
Conclusions: Prevention must find ways to address repercussions of such OSH risks. Cooperation and
political awareness are therefore gaining in importance. Also, implementing a prevention culture in
society and strengthening individuals’ health and safety literacy, e.g., by target-group-specific commu-
nication and sensitization, as well as early safety and health education, help to counteract those OSH
risks.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Being prepared for future challenges and opportunities gives a
competitive edge in decision-making and enables rapid responses e
also in occupational safety and health (OSH). In aworkingworld that
is becoming increasingly complex and subject to ever shorter inno-
vation cycles, it is important to set priorities and invest in the
particularly relevant OSH topics. Economic crises such as the one
caused by the Covid-19 pandemic increase financial pressure also in

OSH and make priority-setting indispensable. In Germany, OSH is
based on a dual systemwhich encompasses state authorities at state
and federal level and the German Social Accident Insurance In-
stitutions (GSAII). While the state authorities have the task of moni-
toring the implementation of state legislation across all economic
sectors, the GSAII’s focus is on specific sectors in terms of prevention,
medical and vocational rehabilitation, and compensation in connec-
tion with occupational accidents and diseases including commuting
accidents and accidents in educational institutions. The GSAII’s labor
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배경

독일 법정재해보험(DGUV)기구의 위험관측법(RO)은 독일 사회재해보상보험기관(GSAII)에 

사전 예방을 위한 전략적 지원을 제공한다. 이를 통해 직원뿐만 아니라 초등 교육, 학생, 교

육생에게 영향을 미치는 새로운 추세와 발전으로 인한 산업안전보건(OSH)의 미래 과제와 

기회를 파악한다.

방법

위험관측법의 핵심은 인터넷 및 문헌 연구를 통해 파악한 새로운 추세 및 개발 도구를 기반

으로 한 온라인 설문조사이다. 이 설문조사에는 독일 사회재해보상보험조합과 사회재해보

상보험기관의 예방 전문가 865명이 참여하였다. 이들은 향후 5년간 산업안전보건의 부문

별 위험과 기회에 관한 동향과 발전 상황을 평가하였다. 

결과

부문별 및 전체 조사 결과에 따르면 근골격계 스트레스와 소음 등 잘 알려진 산업안전보건

의 위험 외에도 업무 자체에 기원을 두지 않더라도 정치, 사회, 경제, 환경 또는 기술 발전의 

영향을 크게 받는 산업안전보건 관련 사항이나, 산업재해보험이 부분적으로만 영향을 주는 

기술적인 개발 등이 부상하고 있다. 숙련된 인력 부족은 거의 모든 부문에서 산업안전보건

에 대한 위협으로 확인되었다.

결론

예방은 이러한 산업안전보건 위험의 영향을 강조할 수 있는 방법을 찾아야 한다. 따라서 협

력과 정치적 인식이 점점 더 중요해지고 있다. 또한, 사회적으로 예방 문화를 구현하고 대상 

그룹별 소통 및 민감성 교육과 조기 안전보건교육 등을 통해 개인의 안전보건에 대한 이해

성을 강화시키면 이러한 산업안전보건 위험에 대응하는 데 도움이 된다.

40.  위험 관찰을 통한 추세 분석: 독일의 법정재해보험(DGUV)이 
산업안전보건의 미래를 준비하는 방법
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Background: Occupational health services are not available for more than 80% of the global workforce.
This pertains especially to informal workers, workers in agriculture and in small enterprises, and self-
employed. Many are working in hazardous conditions. The World Health Organization, the Interna-
tional Labor Organization, the International Commission on Occupational Health, and the World Orga-
nization of Family Doctors promote as part of a solution, basic occupational health services (BOHS)
integrated in primary or community health care. Quality information on this topic is difficult to find. The
objective of this study is to develop an open access bibliography, a repository, referring to publications on
BOHS and similar innovations, to support progress and research.
Methods: The database design and sustaining literature searches (PubMed, Google Scholar, SciELO) are
described. For each publication selected, basic bibliographic data, a brief content description considering
copyright restrictions, and a hyperlink are included.
Results: Searches resulted in a database containing 189 references to publications on BOHS such as ar-
ticles in scientific journals, reports, policy documents, and abstracts of lectures. A global perspective is
applied in 43 publications, a national or regional perspective is applied in 146 publications. Operational
and evaluative research material is still scarce. Examples of references to publications are shown.
Conclusion: The repository can inspire pioneers by showing practices in different countries and can be
used for reviews and in-depth analyses. Missing publications such as from China, Russia, Japan, Republic
of Korea, and Spanish/Portuguese speaking countries, can be added in the future, and translated. Search
functions can be developed. International collaboration for the promotion of occupational health
coverage for all workers must be intensified.
� 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research

Institute, Korea Occupational Safety and Health Agency. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

1.1. An urgent public and occupational health question

A large majority of workers in the world, often working in
hazardous working conditions facing accidents and serious dis-
eases, do not have access to occupational health care. The esti-
mated coverage of expert-based occupational health services
(OHS) in the world is less than one-fifth of the global workforce
[1]. This lack of access pertains especially to informal workers,
workers in agriculture and in small enterprises, and self-
employed. The problem is more pronounced in low- and

middle-income countriesdbut is also on the rise in high-income
countries. A disproportionate number of female workers and
migrant workers are underserved.

1.2. Basic occupational health services

OHS are the dominant arrangement in most countries. In this
study, the spotlight is on BOHS and similar innovations [6e9]. The
main reason is the recognition of the unfeasibility, in the next de-
cades, to cover the global worker population by traditional expert-
based OHS.
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배경

전 세계 노동력의 80% 이상이 산업보건서비스를 이용하지 못하고 있다. 이는 특히 비정형 
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방법

자료원 설계 및 지속적인 문헌 검색(PubMed, Google Scholar, SciELO)에 대해 설명한다. 
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결론

이 간행물 저장소는 다른 국가의 사례를 보여줌으로써 각 국가나 지역의 선구자들에게 영감
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어/포르투갈어권 국가 등 누락된 출판물은 향후 추가하고 번역할 수 있다. 검색 기능도 개발

할 수 있다. 모든 노동자의 산업안전보건 증진을 위한 국제적 협력을 강화해야 한다.
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Background: Occupational health services are not available for more than 80% of the global workforce.
This pertains especially to informal workers, workers in agriculture and in small enterprises, and self-
employed. Many are working in hazardous conditions. The World Health Organization, the Interna-
tional Labor Organization, the International Commission on Occupational Health, and the World Orga-
nization of Family Doctors promote as part of a solution, basic occupational health services (BOHS)
integrated in primary or community health care. Quality information on this topic is difficult to find. The
objective of this study is to develop an open access bibliography, a repository, referring to publications on
BOHS and similar innovations, to support progress and research.
Methods: The database design and sustaining literature searches (PubMed, Google Scholar, SciELO) are
described. For each publication selected, basic bibliographic data, a brief content description considering
copyright restrictions, and a hyperlink are included.
Results: Searches resulted in a database containing 189 references to publications on BOHS such as ar-
ticles in scientific journals, reports, policy documents, and abstracts of lectures. A global perspective is
applied in 43 publications, a national or regional perspective is applied in 146 publications. Operational
and evaluative research material is still scarce. Examples of references to publications are shown.
Conclusion: The repository can inspire pioneers by showing practices in different countries and can be
used for reviews and in-depth analyses. Missing publications such as from China, Russia, Japan, Republic
of Korea, and Spanish/Portuguese speaking countries, can be added in the future, and translated. Search
functions can be developed. International collaboration for the promotion of occupational health
coverage for all workers must be intensified.
� 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research

Institute, Korea Occupational Safety and Health Agency. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

1.1. An urgent public and occupational health question

A large majority of workers in the world, often working in
hazardous working conditions facing accidents and serious dis-
eases, do not have access to occupational health care. The esti-
mated coverage of expert-based occupational health services
(OHS) in the world is less than one-fifth of the global workforce
[1]. This lack of access pertains especially to informal workers,
workers in agriculture and in small enterprises, and self-
employed. The problem is more pronounced in low- and

middle-income countriesdbut is also on the rise in high-income
countries. A disproportionate number of female workers and
migrant workers are underserved.

1.2. Basic occupational health services

OHS are the dominant arrangement in most countries. In this
study, the spotlight is on BOHS and similar innovations [6e9]. The
main reason is the recognition of the unfeasibility, in the next de-
cades, to cover the global worker population by traditional expert-
based OHS.
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Background: Healthcare workers perform an emotionally exhausting daily work activity, making them
prone to occupational hazards, namely psychosocial ones. This study aims to assess the impact of psy-
chosocial risk factors on healthcare workers’ mental health.
Methods: A cross-sectional study was developed between May and June of 2021 with 479 healthcare
workers from Portuguese hospitals. The Depression, Anxiety and Stress Scale was used to assess mental
health, and psychosocial risks were assessed through the Health and Work Survey e INSAT. Statistical
analysis was performed to identify the psychosocial risk factors related to anxiety, depression, and stress.
Subsequently, a multiple linear regression was performed to identify the models that better explained
psychosocial risk factors’ relationship with anxiety, depression, and stress.
Results: Data showed a strong exposure to psychosocial risks. Work pace and intensity, work relation-
ships, and emotional demands stood out with higher global average percentages for yes answers to
“exposure and discomfort.” The analysis of the b values and p-values from the multiple linear regression
shows that some cross-sectional psychosocial risks are predictors of anxiety and stress dimensions, and
other psychosocial risks differ in the two mental health dimensions. However, it is important to highlight
that healthcare workers still showed great joy and pleasure in performing their work activities.
Conclusion: Support network development in the work environment is needed to prevent healthcare
workers’ emotional stress and promote their psychological well-being. Therefore, new research is
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배경  

의료 종사자는 매일 감정적으로 지친 업무 활동을 수행하기 때문에 직업적 위험, 즉 심리사회

적 위험에 노출되기 쉽다. 이 연구는 심리사회적 위험 요인이 의료 종사자의 정신건강에 미치

는 영향을 평가하는 것을 목표로 한다. 

방법  

2021년 5월과 6월 사이에 포르투갈 병원의 의료 종사자 479명을 대상으로 횡단면 연구를 

진행하였다. 우울, 불안 및 스트레스 척도를 사용하여 정신건강을 평가하고, 건강 및 업무 

설문조사(INSAT)를 통해 심리사회적 위험을 평가하였다. 불안, 우울, 스트레스와 관련된 심

리사회적 위험 요인을 파악하기 위해 통계적 분석을 실시하였다. 이후 다중선형회귀분석을 

통해 불안, 우울, 스트레스와 심리사회적 위험 요인의 관계를 가장 잘 설명하는 모델을 찾아

냈다.

결과  

연구 결과는 심리사회적 위험에 대한 강한 노출을 보여주었다. 업무 속도와 강도, 업무 관계, 

정서적 요구는 “노출 및 불편함”에 대한 ‘예’ 답변에서 세계 평균 비율보다 높게 나타났다. 다

중선형회귀분석의 β값과 p값을 분석한 결과, 일부 단면적인 심리사회적 위험은 불안과 스트
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음을 보여준다. 그러나 의료 종사자가 여전히 업무 수행에 큰 기쁨과 즐거움을 느끼고 있다는 

점을 강조하는 것이 중요하다.

결론  

의료 종사자의 정서적 스트레스를 예방하고, 심리적 웰빙을 증진하기 위해서는 업무 환경에

서의 지원 네트워크 개발이 필요하다. 따라서 의료 종사자에게 영향을 미치는 심리사회적 위

험을 이해하고 업무와 건강 관계의 눈에 잘 띄지 않는 영향을 평가하기 위한 새로운 연구가 

필수적이다.
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Background: Healthcare workers perform an emotionally exhausting daily work activity, making them
prone to occupational hazards, namely psychosocial ones. This study aims to assess the impact of psy-
chosocial risk factors on healthcare workers’ mental health.
Methods: A cross-sectional study was developed between May and June of 2021 with 479 healthcare
workers from Portuguese hospitals. The Depression, Anxiety and Stress Scale was used to assess mental
health, and psychosocial risks were assessed through the Health and Work Survey e INSAT. Statistical
analysis was performed to identify the psychosocial risk factors related to anxiety, depression, and stress.
Subsequently, a multiple linear regression was performed to identify the models that better explained
psychosocial risk factors’ relationship with anxiety, depression, and stress.
Results: Data showed a strong exposure to psychosocial risks. Work pace and intensity, work relation-
ships, and emotional demands stood out with higher global average percentages for yes answers to
“exposure and discomfort.” The analysis of the b values and p-values from the multiple linear regression
shows that some cross-sectional psychosocial risks are predictors of anxiety and stress dimensions, and
other psychosocial risks differ in the two mental health dimensions. However, it is important to highlight
that healthcare workers still showed great joy and pleasure in performing their work activities.
Conclusion: Support network development in the work environment is needed to prevent healthcare
workers’ emotional stress and promote their psychological well-being. Therefore, new research is
essential to understand the psychosocial risks that affect healthcare workers and assess the less visible
effects of workehealth relationships.
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public health. The past two years have been marked by restrictions
with several confinements established by all countries with a high
economic and social impact. Social distancing measures changed
social interactions leading to different behavioral responses that
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Background: Healthcare workers perform an emotionally exhausting daily work activity, making them
prone to occupational hazards, namely psychosocial ones. This study aims to assess the impact of psy-
chosocial risk factors on healthcare workers’ mental health.
Methods: A cross-sectional study was developed between May and June of 2021 with 479 healthcare
workers from Portuguese hospitals. The Depression, Anxiety and Stress Scale was used to assess mental
health, and psychosocial risks were assessed through the Health and Work Survey e INSAT. Statistical
analysis was performed to identify the psychosocial risk factors related to anxiety, depression, and stress.
Subsequently, a multiple linear regression was performed to identify the models that better explained
psychosocial risk factors’ relationship with anxiety, depression, and stress.
Results: Data showed a strong exposure to psychosocial risks. Work pace and intensity, work relation-
ships, and emotional demands stood out with higher global average percentages for yes answers to
“exposure and discomfort.” The analysis of the b values and p-values from the multiple linear regression
shows that some cross-sectional psychosocial risks are predictors of anxiety and stress dimensions, and
other psychosocial risks differ in the two mental health dimensions. However, it is important to highlight
that healthcare workers still showed great joy and pleasure in performing their work activities.
Conclusion: Support network development in the work environment is needed to prevent healthcare
workers’ emotional stress and promote their psychological well-being. Therefore, new research is
essential to understand the psychosocial risks that affect healthcare workers and assess the less visible
effects of workehealth relationships.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The pandemic has triggered new challenges for humanity and
public health. The past two years have been marked by restrictions
with several confinements established by all countries with a high
economic and social impact. Social distancing measures changed
social interactions leading to different behavioral responses that
impacted on mental health [1e4].

This calamity affected health systems and increased the physical
and emotional stress on healthcare workers [5e8]. Due to the work

activity and emotional and social demands, healthcare workers’
physical and mental health are more likely to be at risk. Healthcare
workers are one of the most vulnerable professional groups,
revealing mental health disorders: anxiety, depression, and stress
levels have increased with the pandemic situation [9e11] aggra-
vated with psychosocial risks such as work overload. This situation
has also a strong impact in their daily performance, putting in risk
patient safety.

Patient safety, while by itself a fundamental issue for any
healthcare organization, became a high priority for healthcare
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a b s t r a c t

Background: Job safety analysis (JSA) is a popular technique for hazard identification and risk assessment
in workplaces that has been applied across a wide range of industries. This systematic review was
conducted to answer four main questions regarding JSA: (1) which sectors and areas have used JSA? (2)
What has been the aim of employing JSA? (3) What are the shortcomings of JSA? (4) What are the new
advances in the field of JSA?
Methods: Three main international databases were searched: SCOPUS, Web of Science, and PubMed.
After screening and eligibility assessment, 49 articles were included.
Results: Construction industries have used JSA the most, followed by process industries and healthcare
settings. Hazard identification is the main aim of JSA, but it has been used for other purposes as well. Being
time-consuming, the lack of an initial list of hazards, the lack of a universal risk assessment method,
ignoring hazards from the surrounding activities, ambiguities regarding the team implementing JSA, and
ignorance of the hierarchy of controls were the main shortcomings of JSA based on previous studies.
Conclusion: In recent years, there have been interesting advances in JSA making attempts to solve
shortcomings of the technique. A seven-step JSA was recommended to cover most shortcomings re-
ported by studies.
� 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research
Institute, Korea Occupational Safety and Health Agency. This is an open access article under the CC BY

license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Job safety analysis (JSA) is hazard identification and sometimes
qualitative risk assessmentmethod, which specifically concentrates
on hazards created by the task performed by an employee [1]. Job
hazard analysis, job safety assessment, job hazard assessment, task
safety assessment, task hazard assessment, task safety analysis, and
task hazard assessment all are other terms used interchangeably by
literature. Regardless of the term used, the technique is aimed at
identifying the existing and potential hazards of a task/job,
assessing their risks, and preventing losses by recommending and
implementing effective control measures [2]. JSA is supposed to be
rooted in the job analysis offered by Taylor’s scientific management
approach [3,4]. Heinrich [3,4] for the first time employed the term
JSA to highlight the safety aspects of job analysis. The technique is
normally conducted in four main steps as shown in Fig. 1.

In addition to safety and health purposes, JSA can be utilized
for improving product quality by identifying and eliminating
potential human errors and determining skills needed to perform
a task [2]. JSA is an integral part of any safety management sys-
tem. If performed appropriately, it can provide employees and
employers with an in-depth understanding of how work should
be done to prevent adverse outcomes, based on which safety
procedures and instructions can be developed. Determining
safety training contents is another purpose of JSA [5]. Many
retrospective studies have found that implementing a proper JSA
is effective in preventing accidents [6,7] and promoting
safety behavior [8]. Albrechtsen et al [9] asserted that JSA has at
least six benefits: (1) formalization of work, (2) accountability, (3)
participation of employees, (4) organizational learning, (5)
hazard identification and situation awareness, and (6) loss
prevention.
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배경

작업 안전 분석(JSA)은 작업장 내 위험성 확인과 위험성 평가를 위해 널리 사용되는 기법으

로, 다양한 산업 분야에서 적용되고 있다. 본 체계적 문한 고찰은 작업 안전 분석과 관련된 

다음의 네 가지 질문에 답하기 위해 수행되었다. (1) 어떤 부문과 영역에서 작업 안전 분석을 

사용하였는가? (2) 작업 안전 분석을 도입한 목적은 무엇인가? (3) 작업 안전 분석의 단점은 

무엇인가? (4) 작업 안전 분석 분야에서 새롭게 발전한 분야는 무엇인가?

방법

세 가지 주요 국제 데이터베이스(SCOPUS, Web of Science, PubMed)를 검색하였으며, 선

별과정 및 적격성 평가를 거쳐 49개의 논문이 포함되었다.

결과

작업 안전 분석이 가장 많이 활용된 산업은 건설 산업이었으며, 장치 산업과 의료 산업이 그 

뒤를 이었다. 위험성 확인이 작업 안전 분석의 주요 목적이었으나, 작업 안전 분석은 다른 

용도로도 사용되었다. 이전 연구들에서 지적된 작업 안전 분석의 주요 단점으로는 시간이 

오래 걸리고, 초기 위험성 목록이 부족하며, 보편적인 위험성 평가방법이 없고, 부가 활동의 

위험성을 무시하고, 직업 안전 분석을 수행하는 팀을 소홀히 하고, 관리조직을 무시하는 것

이 확인되었다.

결론

최근 몇 년 동안 작업 안전 분석의 단점을 해결하기 위한 흥미로운 시도가 이루어지고 있다. 

여러 연구에서 보고된 단점 대부분을 보완하기 위해 7단계 작업 안전 분석이 권장되었다.

43.  작업 안전 분석(Job Safety Analysis, JSA)의 적용, 단점 및 
새로운 발전: 체계적 문헌 고찰 결과
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Background: Job safety analysis (JSA) is a popular technique for hazard identification and risk assessment
in workplaces that has been applied across a wide range of industries. This systematic review was
conducted to answer four main questions regarding JSA: (1) which sectors and areas have used JSA? (2)
What has been the aim of employing JSA? (3) What are the shortcomings of JSA? (4) What are the new
advances in the field of JSA?
Methods: Three main international databases were searched: SCOPUS, Web of Science, and PubMed.
After screening and eligibility assessment, 49 articles were included.
Results: Construction industries have used JSA the most, followed by process industries and healthcare
settings. Hazard identification is the main aim of JSA, but it has been used for other purposes as well. Being
time-consuming, the lack of an initial list of hazards, the lack of a universal risk assessment method,
ignoring hazards from the surrounding activities, ambiguities regarding the team implementing JSA, and
ignorance of the hierarchy of controls were the main shortcomings of JSA based on previous studies.
Conclusion: In recent years, there have been interesting advances in JSA making attempts to solve
shortcomings of the technique. A seven-step JSA was recommended to cover most shortcomings re-
ported by studies.
� 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research
Institute, Korea Occupational Safety and Health Agency. This is an open access article under the CC BY

license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Job safety analysis (JSA) is hazard identification and sometimes
qualitative risk assessmentmethod, which specifically concentrates
on hazards created by the task performed by an employee [1]. Job
hazard analysis, job safety assessment, job hazard assessment, task
safety assessment, task hazard assessment, task safety analysis, and
task hazard assessment all are other terms used interchangeably by
literature. Regardless of the term used, the technique is aimed at
identifying the existing and potential hazards of a task/job,
assessing their risks, and preventing losses by recommending and
implementing effective control measures [2]. JSA is supposed to be
rooted in the job analysis offered by Taylor’s scientific management
approach [3,4]. Heinrich [3,4] for the first time employed the term
JSA to highlight the safety aspects of job analysis. The technique is
normally conducted in four main steps as shown in Fig. 1.

In addition to safety and health purposes, JSA can be utilized
for improving product quality by identifying and eliminating
potential human errors and determining skills needed to perform
a task [2]. JSA is an integral part of any safety management sys-
tem. If performed appropriately, it can provide employees and
employers with an in-depth understanding of how work should
be done to prevent adverse outcomes, based on which safety
procedures and instructions can be developed. Determining
safety training contents is another purpose of JSA [5]. Many
retrospective studies have found that implementing a proper JSA
is effective in preventing accidents [6,7] and promoting
safety behavior [8]. Albrechtsen et al [9] asserted that JSA has at
least six benefits: (1) formalization of work, (2) accountability, (3)
participation of employees, (4) organizational learning, (5)
hazard identification and situation awareness, and (6) loss
prevention.

Fakhradin Ghasemi: https://orcid.org/0000-0002-6279-9888; Amin Doosti-Irani: https://orcid.org/0000-0003-0623-7503; Hamed Aghaei: https://orcid.org/0000-0003-
3283-2066
* Corresponding author.

E-mail address: hamedaghaeih@gmail.com (H. Aghaei).

Contents lists available at ScienceDirect

Safety and Health at Work

journal homepage: www.e-shaw.net

2093-7911/$ e see front matter � 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research Institute, Korea Occupational Safety and
Health Agency. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
https://doi.org/10.1016/j.shaw.2023.03.006

Safety and Health at Work 14 (2023) 153e162

Review Article

Applications, Shortcomings, and New Advances of Job Safety Analysis
(JSA): Findings from a Systematic Review

Fakhradin Ghasemi 1, Amin Doosti-Irani 2, Hamed Aghaei 3,*
1Occupational Health and Safety Engineering Department, Abadan University of Medical Sciences, Abadan, Iran
2Department of Epidemiology, School of Public Health and Research Center for Health Sciences, Hamadan University of Medical Sciences, Hamadan, Iran
3Department of Occupational Health Engineering, School of Health, Arak University of Medical Sciences, Arak, Iran

a r t i c l e i n f o

Article history:
Received 1 October 2022
Received in revised form
4 March 2023
Accepted 6 March 2023
Available online 11 March 2023

Keywords:
Accident prevention
Occupational safety
Safety analysis

a b s t r a c t

Background: Job safety analysis (JSA) is a popular technique for hazard identification and risk assessment
in workplaces that has been applied across a wide range of industries. This systematic review was
conducted to answer four main questions regarding JSA: (1) which sectors and areas have used JSA? (2)
What has been the aim of employing JSA? (3) What are the shortcomings of JSA? (4) What are the new
advances in the field of JSA?
Methods: Three main international databases were searched: SCOPUS, Web of Science, and PubMed.
After screening and eligibility assessment, 49 articles were included.
Results: Construction industries have used JSA the most, followed by process industries and healthcare
settings. Hazard identification is the main aim of JSA, but it has been used for other purposes as well. Being
time-consuming, the lack of an initial list of hazards, the lack of a universal risk assessment method,
ignoring hazards from the surrounding activities, ambiguities regarding the team implementing JSA, and
ignorance of the hierarchy of controls were the main shortcomings of JSA based on previous studies.
Conclusion: In recent years, there have been interesting advances in JSA making attempts to solve
shortcomings of the technique. A seven-step JSA was recommended to cover most shortcomings re-
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on hazards created by the task performed by an employee [1]. Job
hazard analysis, job safety assessment, job hazard assessment, task
safety assessment, task hazard assessment, task safety analysis, and
task hazard assessment all are other terms used interchangeably by
literature. Regardless of the term used, the technique is aimed at
identifying the existing and potential hazards of a task/job,
assessing their risks, and preventing losses by recommending and
implementing effective control measures [2]. JSA is supposed to be
rooted in the job analysis offered by Taylor’s scientific management
approach [3,4]. Heinrich [3,4] for the first time employed the term
JSA to highlight the safety aspects of job analysis. The technique is
normally conducted in four main steps as shown in Fig. 1.

In addition to safety and health purposes, JSA can be utilized
for improving product quality by identifying and eliminating
potential human errors and determining skills needed to perform
a task [2]. JSA is an integral part of any safety management sys-
tem. If performed appropriately, it can provide employees and
employers with an in-depth understanding of how work should
be done to prevent adverse outcomes, based on which safety
procedures and instructions can be developed. Determining
safety training contents is another purpose of JSA [5]. Many
retrospective studies have found that implementing a proper JSA
is effective in preventing accidents [6,7] and promoting
safety behavior [8]. Albrechtsen et al [9] asserted that JSA has at
least six benefits: (1) formalization of work, (2) accountability, (3)
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Background: Job safety analysis (JSA) is a popular technique for hazard identification and risk assessment
in workplaces that has been applied across a wide range of industries. This systematic review was
conducted to answer four main questions regarding JSA: (1) which sectors and areas have used JSA? (2)
What has been the aim of employing JSA? (3) What are the shortcomings of JSA? (4) What are the new
advances in the field of JSA?
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settings. Hazard identification is the main aim of JSA, but it has been used for other purposes as well. Being
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ignoring hazards from the surrounding activities, ambiguities regarding the team implementing JSA, and
ignorance of the hierarchy of controls were the main shortcomings of JSA based on previous studies.
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1. Introduction

Job safety analysis (JSA) is hazard identification and sometimes
qualitative risk assessmentmethod, which specifically concentrates
on hazards created by the task performed by an employee [1]. Job
hazard analysis, job safety assessment, job hazard assessment, task
safety assessment, task hazard assessment, task safety analysis, and
task hazard assessment all are other terms used interchangeably by
literature. Regardless of the term used, the technique is aimed at
identifying the existing and potential hazards of a task/job,
assessing their risks, and preventing losses by recommending and
implementing effective control measures [2]. JSA is supposed to be
rooted in the job analysis offered by Taylor’s scientific management
approach [3,4]. Heinrich [3,4] for the first time employed the term
JSA to highlight the safety aspects of job analysis. The technique is
normally conducted in four main steps as shown in Fig. 1.

In addition to safety and health purposes, JSA can be utilized
for improving product quality by identifying and eliminating
potential human errors and determining skills needed to perform
a task [2]. JSA is an integral part of any safety management sys-
tem. If performed appropriately, it can provide employees and
employers with an in-depth understanding of how work should
be done to prevent adverse outcomes, based on which safety
procedures and instructions can be developed. Determining
safety training contents is another purpose of JSA [5]. Many
retrospective studies have found that implementing a proper JSA
is effective in preventing accidents [6,7] and promoting
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Job safety analysis (JSA) is hazard identification and sometimes
qualitative risk assessmentmethod, which specifically concentrates
on hazards created by the task performed by an employee [1]. Job
hazard analysis, job safety assessment, job hazard assessment, task
safety assessment, task hazard assessment, task safety analysis, and
task hazard assessment all are other terms used interchangeably by
literature. Regardless of the term used, the technique is aimed at
identifying the existing and potential hazards of a task/job,
assessing their risks, and preventing losses by recommending and
implementing effective control measures [2]. JSA is supposed to be
rooted in the job analysis offered by Taylor’s scientific management
approach [3,4]. Heinrich [3,4] for the first time employed the term
JSA to highlight the safety aspects of job analysis. The technique is
normally conducted in four main steps as shown in Fig. 1.

In addition to safety and health purposes, JSA can be utilized
for improving product quality by identifying and eliminating
potential human errors and determining skills needed to perform
a task [2]. JSA is an integral part of any safety management sys-
tem. If performed appropriately, it can provide employees and
employers with an in-depth understanding of how work should
be done to prevent adverse outcomes, based on which safety
procedures and instructions can be developed. Determining
safety training contents is another purpose of JSA [5]. Many
retrospective studies have found that implementing a proper JSA
is effective in preventing accidents [6,7] and promoting
safety behavior [8]. Albrechtsen et al [9] asserted that JSA has at
least six benefits: (1) formalization of work, (2) accountability, (3)
participation of employees, (4) organizational learning, (5)
hazard identification and situation awareness, and (6) loss
prevention.
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a b s t r a c t

Background: Job safety analysis (JSA) is a popular technique for hazard identification and risk assessment
in workplaces that has been applied across a wide range of industries. This systematic review was
conducted to answer four main questions regarding JSA: (1) which sectors and areas have used JSA? (2)
What has been the aim of employing JSA? (3) What are the shortcomings of JSA? (4) What are the new
advances in the field of JSA?
Methods: Three main international databases were searched: SCOPUS, Web of Science, and PubMed.
After screening and eligibility assessment, 49 articles were included.
Results: Construction industries have used JSA the most, followed by process industries and healthcare
settings. Hazard identification is the main aim of JSA, but it has been used for other purposes as well. Being
time-consuming, the lack of an initial list of hazards, the lack of a universal risk assessment method,
ignoring hazards from the surrounding activities, ambiguities regarding the team implementing JSA, and
ignorance of the hierarchy of controls were the main shortcomings of JSA based on previous studies.
Conclusion: In recent years, there have been interesting advances in JSA making attempts to solve
shortcomings of the technique. A seven-step JSA was recommended to cover most shortcomings re-
ported by studies.
� 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research
Institute, Korea Occupational Safety and Health Agency. This is an open access article under the CC BY

license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Job safety analysis (JSA) is hazard identification and sometimes
qualitative risk assessmentmethod, which specifically concentrates
on hazards created by the task performed by an employee [1]. Job
hazard analysis, job safety assessment, job hazard assessment, task
safety assessment, task hazard assessment, task safety analysis, and
task hazard assessment all are other terms used interchangeably by
literature. Regardless of the term used, the technique is aimed at
identifying the existing and potential hazards of a task/job,
assessing their risks, and preventing losses by recommending and
implementing effective control measures [2]. JSA is supposed to be
rooted in the job analysis offered by Taylor’s scientific management
approach [3,4]. Heinrich [3,4] for the first time employed the term
JSA to highlight the safety aspects of job analysis. The technique is
normally conducted in four main steps as shown in Fig. 1.

In addition to safety and health purposes, JSA can be utilized
for improving product quality by identifying and eliminating
potential human errors and determining skills needed to perform
a task [2]. JSA is an integral part of any safety management sys-
tem. If performed appropriately, it can provide employees and
employers with an in-depth understanding of how work should
be done to prevent adverse outcomes, based on which safety
procedures and instructions can be developed. Determining
safety training contents is another purpose of JSA [5]. Many
retrospective studies have found that implementing a proper JSA
is effective in preventing accidents [6,7] and promoting
safety behavior [8]. Albrechtsen et al [9] asserted that JSA has at
least six benefits: (1) formalization of work, (2) accountability, (3)
participation of employees, (4) organizational learning, (5)
hazard identification and situation awareness, and (6) loss
prevention.
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a b s t r a c t

Background: Nowadays, counter-productive work behaviors (CWBs) have turned into a common and
costly position for many organizations and especially health centers. Therefore, the study was carried out
to examine and compare the demandecontrolesupport (DCS) and effortereward imbalance (ERI)
models as predictors of CWBs.
Methods: The study was cross-sectional. The population was all nurses working in public hospitals in
Hamadan, Iran of whom 320 were selected as the sample based on simple random sampling method. The
instruments used were Job Content Questionnaire, EfforteReward Imbalance Questionnaire, and Coun-
terproductivity Work Behavior Questionnaire. Data were analyzed using correlation and regression
analysis in SPSS18.
Results: The findings indicated that both ERI and DCS models could predict CWB (p � 0.05); however, the
DCS model variables can explain the variance of CWB-I and CWB-O approximately 8% more than the ERI
model variables and have more power in predicting these behaviors in the nursing community.
Conclusion: According to the results, job stress is a key factor in the incidence of CWBs among nurses.
Considering the importance and impact of each component of ERI and DCS models in the occurrence of
CWBs, corrective actions can be taken to reduce their incidence in nurses.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Human capital is one of an organization’s most important re-
sources, playing a significant role in its effectiveness and success.
Attention to human forces in such organizations in recent years has
accounted for a large part of the time and capital of leading orga-
nizations. Sometimes the employees of the organization face
distress such as a lack of optimal management, injustice, and job
stress. Such distresses cause the human resources in the organiza-
tion to perform actions and behaviors that prevent the organization
from achieving its aims [1]. One of the most important of these be-
haviors is counterproductive work behavior (CWB) that has piqued
the interest of researchers in recent years [2]. CWBs are defined as
intentional behaviors that are intended to harm the organization, its
employees, or both [3]. These behaviors include theft and related
behaviors, destruction of property, misuse of information,misuse of
time and resources, unsafe behaviors, disordered and poor atten-
dance, poor quality of work, alcohol use, drug and substance abuse,
verbal acts, and inappropriate physical actions [4].

The researchers classified CWBs into two types based on their
intended audience: individuals and organizations. CWBs toward
individuals (CWB-I) are defined as intentional and employee-
induced behaviors that harm individuals in the organization (e.g.,
inappropriate verbal actions with co-workers). CWB toward the
organization (CWB-O) is defined as employees’ intentional
behavior and desire to harm and damage the organization (e.g.,
poor attendance) [5].

CWB is one of the most significant costs for organizations [6].
According to reports, in the United States in 2016, $1.1 million was
lost due to theft, and more than $6.3 billion was lost due to job
fraud. According to reports, the annual cost of wasting time, which
is a type of CWB, in the United States is $759 billion [7,8]. Aside
from the economic costs, CWB has negative psychological conse-
quences such as negative effects on mental and physical health,
decreased employee morale, increased absenteeism and early
retirement, decreased productivity, and loss of organizational
reputation [9,10]. Unfortunately, in spite of the significant costs and
harms of abnormal work behaviors, these behaviors remain
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배경

오늘날 많은 사업장, 특히 의료기관에서 비생산적 업무 행동(CWBs)은 흔하고 비용이 많이 

드는 문제로 자리 잡았다. 따라서 이 연구는 수요-통제-지원(DCS) 모델과 노력-보상 불균

형(ERI) 모델을 비생산적 업무 행동의 예측 변수로 조사하고 비교하기 위해 수행되었다.

방법

이 연구는 횡단적 연구였다. 연구 대상은 이란 하마단의 공립 병원에서 근무하는 모든 간호

사로, 이 중 320명을 단순 무작위 표본추출방식으로 표본 선정하였다. 사용된 도구는 직무 

내용 설문지, 노력-보상 불균형 설문지, 비생산적 업무 행동 설문지였다. 데이터는 SPSS18

의 상관관계 및 회귀분석을 사용하여 분석하였다.

결과

연구 결과, 노력-보상 불균형 모델과 수요-통제-지원 모델 모두 비생산적 업무 행동을 예

측할 수 있는 것으로 나타났지만(p ≤ 0.05), 수요-통제-지원 모델 변수가 노력-보상 불균

형 모델 변수보다 비생산적 업무 행동(CWB-I) 및 비생산적 업무 행동(CWB-O)의 분산을 약 

8% 더 설명할 수 있으며, 간호 커뮤니티에서 이러한 행동을 예측하는 데 더 큰 힘을 가지고 

있는 것으로 나타났다.

결론

연구 결과에 따르면 직무 스트레스는 간호사의 비생산적 업무 행동 발생의 핵심 요인이다. 

비생산적 업무 행동 발생에 있어 노력-보상 불균형 모델 및 수요-통제-지원 모델의 각 구성

요소의 중요성과 영향을 고려할 때, 간호사의 비생산적 업무 행동 발생을 줄이기 위한 시정 

조치를 할 수 있다.

44.  비생산적 업무 행동의 예측 인자로서의 수요-통제-지원 모델과 
노력-보상 불균형 모델에 대한 조사
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a b s t r a c t

Background: Nowadays, counter-productive work behaviors (CWBs) have turned into a common and
costly position for many organizations and especially health centers. Therefore, the study was carried out
to examine and compare the demandecontrolesupport (DCS) and effortereward imbalance (ERI)
models as predictors of CWBs.
Methods: The study was cross-sectional. The population was all nurses working in public hospitals in
Hamadan, Iran of whom 320 were selected as the sample based on simple random sampling method. The
instruments used were Job Content Questionnaire, EfforteReward Imbalance Questionnaire, and Coun-
terproductivity Work Behavior Questionnaire. Data were analyzed using correlation and regression
analysis in SPSS18.
Results: The findings indicated that both ERI and DCS models could predict CWB (p � 0.05); however, the
DCS model variables can explain the variance of CWB-I and CWB-O approximately 8% more than the ERI
model variables and have more power in predicting these behaviors in the nursing community.
Conclusion: According to the results, job stress is a key factor in the incidence of CWBs among nurses.
Considering the importance and impact of each component of ERI and DCS models in the occurrence of
CWBs, corrective actions can be taken to reduce their incidence in nurses.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Human capital is one of an organization’s most important re-
sources, playing a significant role in its effectiveness and success.
Attention to human forces in such organizations in recent years has
accounted for a large part of the time and capital of leading orga-
nizations. Sometimes the employees of the organization face
distress such as a lack of optimal management, injustice, and job
stress. Such distresses cause the human resources in the organiza-
tion to perform actions and behaviors that prevent the organization
from achieving its aims [1]. One of the most important of these be-
haviors is counterproductive work behavior (CWB) that has piqued
the interest of researchers in recent years [2]. CWBs are defined as
intentional behaviors that are intended to harm the organization, its
employees, or both [3]. These behaviors include theft and related
behaviors, destruction of property, misuse of information,misuse of
time and resources, unsafe behaviors, disordered and poor atten-
dance, poor quality of work, alcohol use, drug and substance abuse,
verbal acts, and inappropriate physical actions [4].

The researchers classified CWBs into two types based on their
intended audience: individuals and organizations. CWBs toward
individuals (CWB-I) are defined as intentional and employee-
induced behaviors that harm individuals in the organization (e.g.,
inappropriate verbal actions with co-workers). CWB toward the
organization (CWB-O) is defined as employees’ intentional
behavior and desire to harm and damage the organization (e.g.,
poor attendance) [5].

CWB is one of the most significant costs for organizations [6].
According to reports, in the United States in 2016, $1.1 million was
lost due to theft, and more than $6.3 billion was lost due to job
fraud. According to reports, the annual cost of wasting time, which
is a type of CWB, in the United States is $759 billion [7,8]. Aside
from the economic costs, CWB has negative psychological conse-
quences such as negative effects on mental and physical health,
decreased employee morale, increased absenteeism and early
retirement, decreased productivity, and loss of organizational
reputation [9,10]. Unfortunately, in spite of the significant costs and
harms of abnormal work behaviors, these behaviors remain
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Background: Nowadays, counter-productive work behaviors (CWBs) have turned into a common and
costly position for many organizations and especially health centers. Therefore, the study was carried out
to examine and compare the demandecontrolesupport (DCS) and effortereward imbalance (ERI)
models as predictors of CWBs.
Methods: The study was cross-sectional. The population was all nurses working in public hospitals in
Hamadan, Iran of whom 320 were selected as the sample based on simple random sampling method. The
instruments used were Job Content Questionnaire, EfforteReward Imbalance Questionnaire, and Coun-
terproductivity Work Behavior Questionnaire. Data were analyzed using correlation and regression
analysis in SPSS18.
Results: The findings indicated that both ERI and DCS models could predict CWB (p � 0.05); however, the
DCS model variables can explain the variance of CWB-I and CWB-O approximately 8% more than the ERI
model variables and have more power in predicting these behaviors in the nursing community.
Conclusion: According to the results, job stress is a key factor in the incidence of CWBs among nurses.
Considering the importance and impact of each component of ERI and DCS models in the occurrence of
CWBs, corrective actions can be taken to reduce their incidence in nurses.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an
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1. Introduction

Human capital is one of an organization’s most important re-
sources, playing a significant role in its effectiveness and success.
Attention to human forces in such organizations in recent years has
accounted for a large part of the time and capital of leading orga-
nizations. Sometimes the employees of the organization face
distress such as a lack of optimal management, injustice, and job
stress. Such distresses cause the human resources in the organiza-
tion to perform actions and behaviors that prevent the organization
from achieving its aims [1]. One of the most important of these be-
haviors is counterproductive work behavior (CWB) that has piqued
the interest of researchers in recent years [2]. CWBs are defined as
intentional behaviors that are intended to harm the organization, its
employees, or both [3]. These behaviors include theft and related
behaviors, destruction of property, misuse of information,misuse of
time and resources, unsafe behaviors, disordered and poor atten-
dance, poor quality of work, alcohol use, drug and substance abuse,
verbal acts, and inappropriate physical actions [4].

The researchers classified CWBs into two types based on their
intended audience: individuals and organizations. CWBs toward
individuals (CWB-I) are defined as intentional and employee-
induced behaviors that harm individuals in the organization (e.g.,
inappropriate verbal actions with co-workers). CWB toward the
organization (CWB-O) is defined as employees’ intentional
behavior and desire to harm and damage the organization (e.g.,
poor attendance) [5].

CWB is one of the most significant costs for organizations [6].
According to reports, in the United States in 2016, $1.1 million was
lost due to theft, and more than $6.3 billion was lost due to job
fraud. According to reports, the annual cost of wasting time, which
is a type of CWB, in the United States is $759 billion [7,8]. Aside
from the economic costs, CWB has negative psychological conse-
quences such as negative effects on mental and physical health,
decreased employee morale, increased absenteeism and early
retirement, decreased productivity, and loss of organizational
reputation [9,10]. Unfortunately, in spite of the significant costs and
harms of abnormal work behaviors, these behaviors remain
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Background: Nowadays, counter-productive work behaviors (CWBs) have turned into a common and
costly position for many organizations and especially health centers. Therefore, the study was carried out
to examine and compare the demandecontrolesupport (DCS) and effortereward imbalance (ERI)
models as predictors of CWBs.
Methods: The study was cross-sectional. The population was all nurses working in public hospitals in
Hamadan, Iran of whom 320 were selected as the sample based on simple random sampling method. The
instruments used were Job Content Questionnaire, EfforteReward Imbalance Questionnaire, and Coun-
terproductivity Work Behavior Questionnaire. Data were analyzed using correlation and regression
analysis in SPSS18.
Results: The findings indicated that both ERI and DCS models could predict CWB (p � 0.05); however, the
DCS model variables can explain the variance of CWB-I and CWB-O approximately 8% more than the ERI
model variables and have more power in predicting these behaviors in the nursing community.
Conclusion: According to the results, job stress is a key factor in the incidence of CWBs among nurses.
Considering the importance and impact of each component of ERI and DCS models in the occurrence of
CWBs, corrective actions can be taken to reduce their incidence in nurses.
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1. Introduction

Human capital is one of an organization’s most important re-
sources, playing a significant role in its effectiveness and success.
Attention to human forces in such organizations in recent years has
accounted for a large part of the time and capital of leading orga-
nizations. Sometimes the employees of the organization face
distress such as a lack of optimal management, injustice, and job
stress. Such distresses cause the human resources in the organiza-
tion to perform actions and behaviors that prevent the organization
from achieving its aims [1]. One of the most important of these be-
haviors is counterproductive work behavior (CWB) that has piqued
the interest of researchers in recent years [2]. CWBs are defined as
intentional behaviors that are intended to harm the organization, its
employees, or both [3]. These behaviors include theft and related
behaviors, destruction of property, misuse of information,misuse of
time and resources, unsafe behaviors, disordered and poor atten-
dance, poor quality of work, alcohol use, drug and substance abuse,
verbal acts, and inappropriate physical actions [4].

The researchers classified CWBs into two types based on their
intended audience: individuals and organizations. CWBs toward
individuals (CWB-I) are defined as intentional and employee-
induced behaviors that harm individuals in the organization (e.g.,
inappropriate verbal actions with co-workers). CWB toward the
organization (CWB-O) is defined as employees’ intentional
behavior and desire to harm and damage the organization (e.g.,
poor attendance) [5].

CWB is one of the most significant costs for organizations [6].
According to reports, in the United States in 2016, $1.1 million was
lost due to theft, and more than $6.3 billion was lost due to job
fraud. According to reports, the annual cost of wasting time, which
is a type of CWB, in the United States is $759 billion [7,8]. Aside
from the economic costs, CWB has negative psychological conse-
quences such as negative effects on mental and physical health,
decreased employee morale, increased absenteeism and early
retirement, decreased productivity, and loss of organizational
reputation [9,10]. Unfortunately, in spite of the significant costs and
harms of abnormal work behaviors, these behaviors remain
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a b s t r a c t

Background: Nowadays, counter-productive work behaviors (CWBs) have turned into a common and
costly position for many organizations and especially health centers. Therefore, the study was carried out
to examine and compare the demandecontrolesupport (DCS) and effortereward imbalance (ERI)
models as predictors of CWBs.
Methods: The study was cross-sectional. The population was all nurses working in public hospitals in
Hamadan, Iran of whom 320 were selected as the sample based on simple random sampling method. The
instruments used were Job Content Questionnaire, EfforteReward Imbalance Questionnaire, and Coun-
terproductivity Work Behavior Questionnaire. Data were analyzed using correlation and regression
analysis in SPSS18.
Results: The findings indicated that both ERI and DCS models could predict CWB (p � 0.05); however, the
DCS model variables can explain the variance of CWB-I and CWB-O approximately 8% more than the ERI
model variables and have more power in predicting these behaviors in the nursing community.
Conclusion: According to the results, job stress is a key factor in the incidence of CWBs among nurses.
Considering the importance and impact of each component of ERI and DCS models in the occurrence of
CWBs, corrective actions can be taken to reduce their incidence in nurses.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an
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a b s t r a c t

Background: Chronic exposure to silica is related with the provocation of an inflammatory response and
oxidative stress mechanism. Vitamin D has multiple benefits in biological activities particularly respi-
ratory system disease.
Method: In this research, 20 male Wistar rats were randomly allocated into four groups (5 rats /group) as
follow:Group1 received saline as (negative control) group. The group2 receiveda single IT instillationof silica
(positive control) group; the group 3was co-administratedwith single ITsilica andVitaminD (20mg/kg/day)
daily for a period of 90 days. The rats of group 4 received Vitamin D daily for a period of 90 days.
Results: Silica significantly increased serum and lung total Oxidant Status (TOS). Meanwhile, silica
reduced serum and lung total antioxidant capacity (TAC), GSH and tumor necrosis factor-a (TNF-a).
Vitamin D treatment meaningfully reversed oxidative stress, antioxidants status and inflammatory
response. Also, Vitamin D improved histopathological changes caused by silica.
Conclusion: These findings indicate that Vitamin D exerts protective effects against silica-induced lung
injury. It seems that Vitamin D has potential use as a therapeutic object for silica induced lung injure.
� 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research

Institute, Korea Occupational Safety and Health Agency. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Silicosis is a dangerous chronic occupational disease caused by
prolonged inhalation exposure to crystalline silica (silicon dioxide),
a major component of sand or rock [1]. There are various forms of
crystalline silica, including silicon dioxide and alpha quartz, as the
most abundant form of silica [2]. Annually, millions of workers
involved in industrialization processes (e.g., sandblasting, drilling,
pulverizing, cutting, grinding tools, jackhammering, drilling, min-
ing, construction, and stone cutting) are exposed to free crystalline

silica [3]. In these industries, the inhalation of crystalline silica par-
ticles smaller than 10 mm can lead to silicosis or cancer [4]. The lung
as a vital organ is seriously affected by crystalline silica particles. The
pathological process of silicosis is characterized by lung tissue
inflammation and fibrosis [5]. A silicosis patient suffers from
breathing difficulty and symptoms such as chronic obstructive
pulmonary disease (COPD) [3]. Silicosis happens in two forms: (i)
accelerated silicosis due to exposure to lowsilica concentration over
a long period and (ii) acute silicosis caused by short-term exposure
to a very large amount of silica [6]. Identifying the molecular
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배경  실리카에 만성적으로 노출되면 염증 반응 및 산화 스트레스 메커니즘이 유발될 수 있

다. 비타민 D는 생물학적 활동, 특히 호흡기 질환에 여러 가지 이점이 있다.

방법  이 연구에서는 20마리의 수컷 위스타 쥐를 다음과 같이 4개의 집단(5마리/집단)으로 

무작위 배정하였다: 첫 번째 집단은 식염수(음성 대조군)를 투여하였다. 두 번째 집단에는 

실리카 단일 기도주입(양성 대조군)을, 세 번째 그룹에는 실리카 단일 기도주입과 90일 동

안 매일 비타민 D(20 mg/kg/일)를 투여하였다. 4번째 그룹의 쥐는 90일 동안 매일 비타민 

D를 투여하였다.

결과  실리카는 혈청과 폐의 총 산화 상태(Total Oxidant Status, TOS)를 유의하게 증가시

켰다. 한편 실리카는 혈청 및 폐 총 항산화 능력(Total Antioxidant Capacity, TAC), GSH 및 

종양괴사인자-α(TNF-α)를 감소시켰다. 비타민 D 치료는 산화 스트레스, 항산화제 상태 및 

염증 반응을 의미 있게 반전시켰다. 또한, 비타민 D는 실리카로 인한 조직병리학적 변화를 

개선하였다.

결론  연구 결과는 비타민 D가 실리카로 인한 폐 손상에 대해 보호 효과를 발휘한다는 것을 

나타낸다. 비타민 D는 실리카로 인한 폐 손상에 대한 치료 목적으로 잠재적으로 사용될 수 

있는 것으로 보인다.

45.  쥐의 실리카 유발 폐 산화 스트레스 및 염증에 대한 
레스베라트롤의 효과
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Background: Chronic exposure to silica is related with the provocation of an inflammatory response and
oxidative stress mechanism. Vitamin D has multiple benefits in biological activities particularly respi-
ratory system disease.
Method: In this research, 20 male Wistar rats were randomly allocated into four groups (5 rats /group) as
follow:Group1 received saline as (negative control) group. The group2 receiveda single IT instillationof silica
(positive control) group; the group 3was co-administratedwith single ITsilica andVitaminD (20mg/kg/day)
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a b s t r a c t

Background: Respiratory masks can provide healthcare workers with protection from biological hazards
when they have good performance. There is a direct relationship between the visual specifications of a
mask and its efficacy; thus, the aim of this study was to develop tools for qualitative assessment of the
performance of masks used by healthcare workers.
Methods: A mixed-methods design was used to develop a qualitative assessment tool for medical face
masks (MFM) and particle filtering half masks (PFHM). The development of domains and items was
undertaken using observation and interviews, the opinions of an expert panel, and a review of texts and
international standards. The second phase evaluated the psychometric properties of tools. Finally, the
validated Mask Qualitative Assessment Tools (MQAT) were used to assess six samples from 10 brands of
the two types of masks.
Results: MQAT-MFM and MQAT-PHFM shared 42 items across seven domains: “cleanliness,” “design,”
“marking, labeling and packaging,” “mask layers,” “mask strap,” “materials and construction,” and “nose
clip.” MQAT-MFM included one additional item. MQAT-PHFM included another nine items associated
with an eighth “Practical Performance” domain, and the valve version had another additional “Exhalation
Valve” domain and six items. The evaluation indicated 80% compliance for MFM and 71% compliance for
PFHM. “Marking, labeling and packaging” and “Layers”were associated with the least compliance in both
types of masks and should be checked carefully for defining mask quality.
Conclusion: MQAT can be used for immediate screening and initial assessment of MFM and PHFM
through appearance, simple tools, and visual inspection.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The high rate of transmission of the coronavirus SARS-COV-2,
and the significant mortality rate of COVID-19, the disease caused
by this contagion, led the World Health Organization (WHO) to
announce COVID-19 as a pandemic on March 11, 2020 [1]. The US
Occupational Safety and Health Administration identified health-
care workers (HCW) as an occupational group subject to very high

levels of exposure to this biological hazard [2]. Similarly, WHO
noted that although HCWrepresents less than 3% of the population,
even in most developed countries, 14%e35% of COVID-19 cases
(depending on the country) are HCW [3].

To respond to the COVID-19 pandemic, the use of Particle
Filtering Half Masks (PFHM), which are also known as Filtering
Facepiece Respirators, and Medical Face Masks (MFM), also known
as Surgical Masks, was introduced as an effective,
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배경  호흡용 마스크는 성능이 우수해야 의료 종사자를 생물학적 위험으로부터 보호할 수 

있다. 마스크의 시각적 사양과 효능 사이에는 직접적 관계가 있으므로 이 연구의 목적은 의

료진이 사용하는 마스크의 성능을 정성적으로 평가할 수 있는 도구를 개발하는 것을 목표로 

한다.

방법  첫 번째 단계에서 혼합방법 설계를 사용하여 의료용 안면마스크(MFM)와 입자여과형 
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Background: Respiratory masks can provide healthcare workers with protection from biological hazards
when they have good performance. There is a direct relationship between the visual specifications of a
mask and its efficacy; thus, the aim of this study was to develop tools for qualitative assessment of the
performance of masks used by healthcare workers.
Methods: A mixed-methods design was used to develop a qualitative assessment tool for medical face
masks (MFM) and particle filtering half masks (PFHM). The development of domains and items was
undertaken using observation and interviews, the opinions of an expert panel, and a review of texts and
international standards. The second phase evaluated the psychometric properties of tools. Finally, the
validated Mask Qualitative Assessment Tools (MQAT) were used to assess six samples from 10 brands of
the two types of masks.
Results: MQAT-MFM and MQAT-PHFM shared 42 items across seven domains: “cleanliness,” “design,”
“marking, labeling and packaging,” “mask layers,” “mask strap,” “materials and construction,” and “nose
clip.” MQAT-MFM included one additional item. MQAT-PHFM included another nine items associated
with an eighth “Practical Performance” domain, and the valve version had another additional “Exhalation
Valve” domain and six items. The evaluation indicated 80% compliance for MFM and 71% compliance for
PFHM. “Marking, labeling and packaging” and “Layers”were associated with the least compliance in both
types of masks and should be checked carefully for defining mask quality.
Conclusion: MQAT can be used for immediate screening and initial assessment of MFM and PHFM
through appearance, simple tools, and visual inspection.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an
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1. Introduction

The high rate of transmission of the coronavirus SARS-COV-2,
and the significant mortality rate of COVID-19, the disease caused
by this contagion, led the World Health Organization (WHO) to
announce COVID-19 as a pandemic on March 11, 2020 [1]. The US
Occupational Safety and Health Administration identified health-
care workers (HCW) as an occupational group subject to very high

levels of exposure to this biological hazard [2]. Similarly, WHO
noted that although HCWrepresents less than 3% of the population,
even in most developed countries, 14%e35% of COVID-19 cases
(depending on the country) are HCW [3].

To respond to the COVID-19 pandemic, the use of Particle
Filtering Half Masks (PFHM), which are also known as Filtering
Facepiece Respirators, and Medical Face Masks (MFM), also known
as Surgical Masks, was introduced as an effective,
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performance of masks used by healthcare workers.
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Background: Respiratory masks can provide healthcare workers with protection from biological hazards
when they have good performance. There is a direct relationship between the visual specifications of a
mask and its efficacy; thus, the aim of this study was to develop tools for qualitative assessment of the
performance of masks used by healthcare workers.
Methods: A mixed-methods design was used to develop a qualitative assessment tool for medical face
masks (MFM) and particle filtering half masks (PFHM). The development of domains and items was
undertaken using observation and interviews, the opinions of an expert panel, and a review of texts and
international standards. The second phase evaluated the psychometric properties of tools. Finally, the
validated Mask Qualitative Assessment Tools (MQAT) were used to assess six samples from 10 brands of
the two types of masks.
Results: MQAT-MFM and MQAT-PHFM shared 42 items across seven domains: “cleanliness,” “design,”
“marking, labeling and packaging,” “mask layers,” “mask strap,” “materials and construction,” and “nose
clip.” MQAT-MFM included one additional item. MQAT-PHFM included another nine items associated
with an eighth “Practical Performance” domain, and the valve version had another additional “Exhalation
Valve” domain and six items. The evaluation indicated 80% compliance for MFM and 71% compliance for
PFHM. “Marking, labeling and packaging” and “Layers”were associated with the least compliance in both
types of masks and should be checked carefully for defining mask quality.
Conclusion: MQAT can be used for immediate screening and initial assessment of MFM and PHFM
through appearance, simple tools, and visual inspection.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an
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1. Introduction

The high rate of transmission of the coronavirus SARS-COV-2,
and the significant mortality rate of COVID-19, the disease caused
by this contagion, led the World Health Organization (WHO) to
announce COVID-19 as a pandemic on March 11, 2020 [1]. The US
Occupational Safety and Health Administration identified health-
care workers (HCW) as an occupational group subject to very high

levels of exposure to this biological hazard [2]. Similarly, WHO
noted that although HCWrepresents less than 3% of the population,
even in most developed countries, 14%e35% of COVID-19 cases
(depending on the country) are HCW [3].

To respond to the COVID-19 pandemic, the use of Particle
Filtering Half Masks (PFHM), which are also known as Filtering
Facepiece Respirators, and Medical Face Masks (MFM), also known
as Surgical Masks, was introduced as an effective,
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a b s t r a c t

Background: One of the important actions for enhancing human reliability in any industry is assessing
human error probability (HEP). The HEART technique is a robust tool for calculating HEP in various in-
dustries. The traditional HEART has some weaknesses due to expert judgment. For these reasons, a
hybrid model is presented in this study to integrate HEART with Best-Worst Method.
Materials Method: In this study, the blasting process in an iron ore mine was investigated as a case study.
The proposed HEART-BWM was used to increase the sensitivity of APOA calculation. Then the HEP was
calculated using conventional HEART formula. A consistency ratio was calculated using BWM. Finally, for
verification of the HEART-BWM, HEP calculation was done by traditional HEART and HEART-BWM.
Results: In the view of determined HEPs, the results showed that the mean of HEP in the blasting of the iron
ore process was 2.57E-01. Checking the full blast of all the holes after the blasting sub-task was the most
dangerous task due to the highest HEP value, and it was found 9.646E-01. On the other side, obtaining a
permit to receive and transport materials was the most reliable task, and the HEP was 8.54E-04.
Conclusion: The results showed a good consistency for the proposed technique. Comparing the two
techniques confirmed that the BWM makes the traditional HEART faster and more reliable by performing
the basic comparisons.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The mining industry is one of the most dangerous work envi-
ronments [1e3]. The main threat to the mining industry is mining
accidents that lead to injury, death, property damage, and envi-
ronmental pollution, and identification of accidents cause is an
essential step to reduce these problems [4]. Human error has
become a crucial concern in the mining industries as it is respon-
sible for 85% of mining accidents [5,6]. Research on platinum mine
accidents in South Africa found that unsafe acts were responsible
for 98.9% of accidents [4]. Additionally, the evidence showed that

the only way to improve safe operation in the mining industry is to
evaluate and manage unsafe acts and reduce human error [7,8].

Human Reliability Analysis (HRA) [9] is the primary approach to
prevent and reduce human error [9]. The HRA has threemain steps:
recognizing fundamental operations, analyzing relevant tasks, and
determining human error probability (HEP) [10]. Several methods
have been used to assess the human contribution to the accident,
including Technique for Human Error Rate Prediction (THERP) [11],
Simplified Plant Analysis Risk Human Reliability Assessment (SPAR-
H) [12], Cognitive Reliability and Error Analysis Method
(CREAM) [13], Information, Decision and Action in Crew context
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배경  모든 산업에서 인간신뢰도를 높이기 위한 중요한 조치 중 하나는 인적오류확률(HEP)

을 평가하는 것이다. HEART 기법은 다양한 산업에서 인적오류확률을 계산하기 위한 강력

한 도구이다. 기존의 HEART 기법은 전문가의 판단에 의존하기 때문에 몇 가지 약점이 있

다. 이러한 이유로 이 연구에서는 HEART 기법과 BWM(Best-Worst Method)을 통합한 하

이브리드 모델을 제시한다.

방법  이 연구에서는 철광석 광산의 발파 공정을 사례 연구로 조사하였다. APOA 계산의 민

감도를 높이기 위해 제안된 HEART-BWM이 사용되었다. 그런 다음 기존 HEART 공식을 사

용하여 인적오류확률을 계산하였다. 일관성 비율은 BWM을 사용하여 계산하였다. 마지막

으로 HEART-BWM의 검증을 위해 기존 HEART와 HEART-BWM으로 인적오류확률을 계산

하였다.

결과  결정된 인적오류확률을 확인한 결과, 철광석 발파 공정에서 인적오류확률의 평균은 

0.257로 나타났다. 발파 하위 작업 후에 모든 홀의 전체 발파를 확인하는 작업은 인적오류

확률이 가장 높아 가장 위험한 작업이었으며 0.9646으로 나타났다. 반면, 자재 반입 및 운

반 허가를 받는 작업이 가장 신뢰할 수 있는 작업이었으며, 인적오류확률은 0.000854로 

나타났다.

결론  결과는 제안된 기법에 대해 좋은 일관성을 보여주었다. 두 가지 기법을 비교한 결과 

BWM이 기존의 HEART 분석을 더 빠르고 안정적으로 만들어 준다는 것을 확인할 수 있었다.

47.  HEART와 BWM 방법을 혼합·활용한 광산 발파 공정의 
인적오류확률 결정
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Background: One of the important actions for enhancing human reliability in any industry is assessing
human error probability (HEP). The HEART technique is a robust tool for calculating HEP in various in-
dustries. The traditional HEART has some weaknesses due to expert judgment. For these reasons, a
hybrid model is presented in this study to integrate HEART with Best-Worst Method.
Materials Method: In this study, the blasting process in an iron ore mine was investigated as a case study.
The proposed HEART-BWM was used to increase the sensitivity of APOA calculation. Then the HEP was
calculated using conventional HEART formula. A consistency ratio was calculated using BWM. Finally, for
verification of the HEART-BWM, HEP calculation was done by traditional HEART and HEART-BWM.
Results: In the view of determined HEPs, the results showed that the mean of HEP in the blasting of the iron
ore process was 2.57E-01. Checking the full blast of all the holes after the blasting sub-task was the most
dangerous task due to the highest HEP value, and it was found 9.646E-01. On the other side, obtaining a
permit to receive and transport materials was the most reliable task, and the HEP was 8.54E-04.
Conclusion: The results showed a good consistency for the proposed technique. Comparing the two
techniques confirmed that the BWM makes the traditional HEART faster and more reliable by performing
the basic comparisons.
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1. Introduction

The mining industry is one of the most dangerous work envi-
ronments [1e3]. The main threat to the mining industry is mining
accidents that lead to injury, death, property damage, and envi-
ronmental pollution, and identification of accidents cause is an
essential step to reduce these problems [4]. Human error has
become a crucial concern in the mining industries as it is respon-
sible for 85% of mining accidents [5,6]. Research on platinum mine
accidents in South Africa found that unsafe acts were responsible
for 98.9% of accidents [4]. Additionally, the evidence showed that

the only way to improve safe operation in the mining industry is to
evaluate and manage unsafe acts and reduce human error [7,8].

Human Reliability Analysis (HRA) [9] is the primary approach to
prevent and reduce human error [9]. The HRA has threemain steps:
recognizing fundamental operations, analyzing relevant tasks, and
determining human error probability (HEP) [10]. Several methods
have been used to assess the human contribution to the accident,
including Technique for Human Error Rate Prediction (THERP) [11],
Simplified Plant Analysis Risk Human Reliability Assessment (SPAR-
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Background: One of the important actions for enhancing human reliability in any industry is assessing
human error probability (HEP). The HEART technique is a robust tool for calculating HEP in various in-
dustries. The traditional HEART has some weaknesses due to expert judgment. For these reasons, a
hybrid model is presented in this study to integrate HEART with Best-Worst Method.
Materials Method: In this study, the blasting process in an iron ore mine was investigated as a case study.
The proposed HEART-BWM was used to increase the sensitivity of APOA calculation. Then the HEP was
calculated using conventional HEART formula. A consistency ratio was calculated using BWM. Finally, for
verification of the HEART-BWM, HEP calculation was done by traditional HEART and HEART-BWM.
Results: In the view of determined HEPs, the results showed that the mean of HEP in the blasting of the iron
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dangerous task due to the highest HEP value, and it was found 9.646E-01. On the other side, obtaining a
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The mining industry is one of the most dangerous work envi-
ronments [1e3]. The main threat to the mining industry is mining
accidents that lead to injury, death, property damage, and envi-
ronmental pollution, and identification of accidents cause is an
essential step to reduce these problems [4]. Human error has
become a crucial concern in the mining industries as it is respon-
sible for 85% of mining accidents [5,6]. Research on platinum mine
accidents in South Africa found that unsafe acts were responsible
for 98.9% of accidents [4]. Additionally, the evidence showed that

the only way to improve safe operation in the mining industry is to
evaluate and manage unsafe acts and reduce human error [7,8].

Human Reliability Analysis (HRA) [9] is the primary approach to
prevent and reduce human error [9]. The HRA has threemain steps:
recognizing fundamental operations, analyzing relevant tasks, and
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Background: One of the important actions for enhancing human reliability in any industry is assessing
human error probability (HEP). The HEART technique is a robust tool for calculating HEP in various in-
dustries. The traditional HEART has some weaknesses due to expert judgment. For these reasons, a
hybrid model is presented in this study to integrate HEART with Best-Worst Method.
Materials Method: In this study, the blasting process in an iron ore mine was investigated as a case study.
The proposed HEART-BWM was used to increase the sensitivity of APOA calculation. Then the HEP was
calculated using conventional HEART formula. A consistency ratio was calculated using BWM. Finally, for
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dangerous task due to the highest HEP value, and it was found 9.646E-01. On the other side, obtaining a
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1. Introduction

The mining industry is one of the most dangerous work envi-
ronments [1e3]. The main threat to the mining industry is mining
accidents that lead to injury, death, property damage, and envi-
ronmental pollution, and identification of accidents cause is an
essential step to reduce these problems [4]. Human error has
become a crucial concern in the mining industries as it is respon-
sible for 85% of mining accidents [5,6]. Research on platinum mine
accidents in South Africa found that unsafe acts were responsible
for 98.9% of accidents [4]. Additionally, the evidence showed that

the only way to improve safe operation in the mining industry is to
evaluate and manage unsafe acts and reduce human error [7,8].
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Background: One of the important actions for enhancing human reliability in any industry is assessing
human error probability (HEP). The HEART technique is a robust tool for calculating HEP in various in-
dustries. The traditional HEART has some weaknesses due to expert judgment. For these reasons, a
hybrid model is presented in this study to integrate HEART with Best-Worst Method.
Materials Method: In this study, the blasting process in an iron ore mine was investigated as a case study.
The proposed HEART-BWM was used to increase the sensitivity of APOA calculation. Then the HEP was
calculated using conventional HEART formula. A consistency ratio was calculated using BWM. Finally, for
verification of the HEART-BWM, HEP calculation was done by traditional HEART and HEART-BWM.
Results: In the view of determined HEPs, the results showed that the mean of HEP in the blasting of the iron
ore process was 2.57E-01. Checking the full blast of all the holes after the blasting sub-task was the most
dangerous task due to the highest HEP value, and it was found 9.646E-01. On the other side, obtaining a
permit to receive and transport materials was the most reliable task, and the HEP was 8.54E-04.
Conclusion: The results showed a good consistency for the proposed technique. Comparing the two
techniques confirmed that the BWM makes the traditional HEART faster and more reliable by performing
the basic comparisons.
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1. Introduction

The mining industry is one of the most dangerous work envi-
ronments [1e3]. The main threat to the mining industry is mining
accidents that lead to injury, death, property damage, and envi-
ronmental pollution, and identification of accidents cause is an
essential step to reduce these problems [4]. Human error has
become a crucial concern in the mining industries as it is respon-
sible for 85% of mining accidents [5,6]. Research on platinum mine
accidents in South Africa found that unsafe acts were responsible
for 98.9% of accidents [4]. Additionally, the evidence showed that

the only way to improve safe operation in the mining industry is to
evaluate and manage unsafe acts and reduce human error [7,8].

Human Reliability Analysis (HRA) [9] is the primary approach to
prevent and reduce human error [9]. The HRA has threemain steps:
recognizing fundamental operations, analyzing relevant tasks, and
determining human error probability (HEP) [10]. Several methods
have been used to assess the human contribution to the accident,
including Technique for Human Error Rate Prediction (THERP) [11],
Simplified Plant Analysis Risk Human Reliability Assessment (SPAR-
H) [12], Cognitive Reliability and Error Analysis Method
(CREAM) [13], Information, Decision and Action in Crew context
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Background: Since the advent of the COVID-19 pandemic, physicians have been the unsung heroes of the
pandemic. However, many are about to give up the battlefield. This study investigated the effect of
occupational moral injury on physicians’ career abandonment intention, taking into account the possible
mediating role of emotional exhaustion.
Methods: Cross-sectional data collected from 201 physicians were analyzed using the partial least
squares structural equation modeling (PLS-SEM) with SmartPLS to determine the relationship among
physicians’ moral injuries, emotional exhaustion, and career abandonment intention.
Results: The results indicated that occupational moral injury was positively related to emotional
exhaustion and career abandonment intention. In addition, emotional exhaustion was found to play a
mediating role in the relationship.
Conclusion: To reduce physicians’ intention to leave their career, physicians should be prepared for moral
injury and psychological issues by offering psychological support and meeting their needs early at both
the individual and organizational levels during and after the pandemic.
� 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research
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1. Introduction

Since the new coronavirus disease (COVID-19) was declared as a
worldwide pandemic by the World Health Organization on March
11, 2020, 364 million people have been infected by the disease, and
5.6 million of them have died as of February 2022. At the forefront
of this pandemic, healthcare professionals assume a crucial re-
sponsibility to challenge a virus whose behavior is unpredictable,
and even the diagnosis and treatment of infected patients are made
in the shadow of uncertainty [1]. This uncertainty comes with
extraordinary stress on healthcare professionals who are on the
frontline to face one of themost serious disasters in history in terms
of hospitalizations and deaths. Working under these challenging
conditions with the risk of becoming infected and dying, there is
also an increased risk for many healthcare workers to have mental
health symptoms, such as work-related stress, depression, post-
traumatic stress disorder, and anxiety [2]. Moreover, as healthcare
professionals have to adapt to new protocols and continual changes

in disease management, they are experiencing a significant in-
crease in the volume and intensity of their work causing extreme
stress and anxiety [3,4].

Within such a difficult period, healthcare professionals often
experiencemoral injury,whena legitimate authority betrays “what is
right” in ahigh-risk situation [5]. Studieshave found thatmoral injury
exists mostly in the populations, such as rape victims, military
personnel, first responders, war veterans, and police officers, expe-
riencing severe trauma [6e8]. However, limited research has exam-
ined the effect ofmoral injuryamonghealthcareprofessionals [9e11].
Therefore, the literature highlights the importance of examining
moral injury among healthcare professionals working in the context
of the COVID-19 pandemic [12e14] taking into consideration that
they may also be at risk of post-traumatic stress disorder [12,15] and
emotional exhaustion [11]. It is a fact that healthcare professionals
face with difficult moral decisions in the processes of treating the
patients in suffer from life-threatening infections and by the nature,
their job requires emotional involvement [11,16]. From an
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배경

COVID-19 팬데믹이 시작된 이래 의사들은 팬데믹의 숨은 영웅이었다. 그러나 많은 이들이 

전장을 포기하려고 한다. 이 연구는 정서적 피로의 매개 역할을 고려하여 직업적 도덕적 손

상이 의사의 경력 포기의도에 미치는 영향을 조사하였다.

방법

201명의 의사로부터 수집한 단면 데이터를 부분 최소제곱 구조방정식 모델링(PLS-SEM)과 

SmartPLS를 사용하여 분석하여 의사의 도덕적 손상, 정서적 소진, 경력 포기의도 간의 관

계를 확인하였다.

결과

연구 결과, 직업적 도덕적 손상은 정서적 소진 및 경력 포기의도와 양의 상관관계가 있는 것

으로 나타났다. 또한, 정서적 소진은 이 관계에서 매개 역할을 하는 것으로 나타났다.

결론

의사의 이직 의도를 줄이려면 팬데믹 기간과 그 이후에 개인과 조직 차원에서 심리적 지원

을 제공하고 그들의 요구를 조기에 충족시킴으로써 도덕적 손상과 심리적 문제에 대비해야 

한다.

48.  COVID-19 팬데믹 상황에서 직업적 도덕적 손상이 의사들의 
경력 포기의도에 미치는 영향
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pandemic. However, many are about to give up the battlefield. This study investigated the effect of
occupational moral injury on physicians’ career abandonment intention, taking into account the possible
mediating role of emotional exhaustion.
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Background: Since the advent of the COVID-19 pandemic, physicians have been the unsung heroes of the
pandemic. However, many are about to give up the battlefield. This study investigated the effect of
occupational moral injury on physicians’ career abandonment intention, taking into account the possible
mediating role of emotional exhaustion.
Methods: Cross-sectional data collected from 201 physicians were analyzed using the partial least
squares structural equation modeling (PLS-SEM) with SmartPLS to determine the relationship among
physicians’ moral injuries, emotional exhaustion, and career abandonment intention.
Results: The results indicated that occupational moral injury was positively related to emotional
exhaustion and career abandonment intention. In addition, emotional exhaustion was found to play a
mediating role in the relationship.
Conclusion: To reduce physicians’ intention to leave their career, physicians should be prepared for moral
injury and psychological issues by offering psychological support and meeting their needs early at both
the individual and organizational levels during and after the pandemic.
� 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research
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1. Introduction

Since the new coronavirus disease (COVID-19) was declared as a
worldwide pandemic by the World Health Organization on March
11, 2020, 364 million people have been infected by the disease, and
5.6 million of them have died as of February 2022. At the forefront
of this pandemic, healthcare professionals assume a crucial re-
sponsibility to challenge a virus whose behavior is unpredictable,
and even the diagnosis and treatment of infected patients are made
in the shadow of uncertainty [1]. This uncertainty comes with
extraordinary stress on healthcare professionals who are on the
frontline to face one of themost serious disasters in history in terms
of hospitalizations and deaths. Working under these challenging
conditions with the risk of becoming infected and dying, there is
also an increased risk for many healthcare workers to have mental
health symptoms, such as work-related stress, depression, post-
traumatic stress disorder, and anxiety [2]. Moreover, as healthcare
professionals have to adapt to new protocols and continual changes

in disease management, they are experiencing a significant in-
crease in the volume and intensity of their work causing extreme
stress and anxiety [3,4].

Within such a difficult period, healthcare professionals often
experiencemoral injury,whena legitimate authority betrays “what is
right” in ahigh-risk situation [5]. Studieshave found thatmoral injury
exists mostly in the populations, such as rape victims, military
personnel, first responders, war veterans, and police officers, expe-
riencing severe trauma [6e8]. However, limited research has exam-
ined the effect ofmoral injuryamonghealthcareprofessionals [9e11].
Therefore, the literature highlights the importance of examining
moral injury among healthcare professionals working in the context
of the COVID-19 pandemic [12e14] taking into consideration that
they may also be at risk of post-traumatic stress disorder [12,15] and
emotional exhaustion [11]. It is a fact that healthcare professionals
face with difficult moral decisions in the processes of treating the
patients in suffer from life-threatening infections and by the nature,
their job requires emotional involvement [11,16]. From an
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a b s t r a c t

The increase in the number of fatal electric accidents over the years has escalated the demand for
specialized forensic engineers to determine their relevant technical causes. Likewise, the complexities
associated with identifying the causes of electrocution accidents have prompted the General Department
of Forensic Science and Criminology at Dubai Police to adopt a new methodology to diagnose electro-
cution accidents, consisting of an approach that involves medico-legal examination, electrical diagnosis
of the evidence, and trace evidence analysis. This paper will discuss the application of the adopted
method in further detail by unfolding two case reports. The first report outlines a case in which a worker
got electrocuted at a construction site while attempting to turn on a lamp. The second case report in-
volves the death of a technician in a workshop after trying to disconnect a washing machine from its
plug. The methodology was utilized during the investigation of both cases, which were attended by the
appointed forensic engineers and showed promising results.
� 2022 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research

Institute, Korea Occupational Safety and Health Agency. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The number of electrical devices has risen drastically in recent
years to the point that it has become one of the fundamental
aspects of our lives. However, with everything in life, a drawback is
inevitable. One disadvantage of electrical devices is the cata-
strophic consequences, such as death and injuries, due to the
misuse of electricity.

Forensic engineers are usually employed as subject matter ex-
perts during the investigation of electrical failures. Their main role
is to determine whether the cause of the incident was due to
equipment design and installation, human error, or a mixture of
both [1]. When the human body becomes exposed to an applied
voltage, the current will be able to flow due to the resistance of the
body, causing an electric shock. The flow of the current is made
possible by the presence of two electrical contact points at different
voltages, as explained in Fig. 1. Electric shock could lead to skin
lesions, organ trauma, and in some unfortunate cases, death.
Electrocution is when death occurs due to electric shock [2]. The
electric shock severity depends on the current type, current

strength, duration of exposure, body resistance, and the pathway
the current takes through the body [3]. The longer the current flows
through the body and the higher the current value, the greater the
chance of an electrocution event [4].

This study will present the methodology adopted by the General
Department of Forensic Science and Criminology (GDFSC) to
diagnose electrocution incidents. Dubai has seen a rise in the elec-
trocution incidents between 2019 and 2021, with 13 fatalities and 8
acute injuries reported to the GDFSC [5]. In 2019, Dubai had a 5.12%
increase in the population over a one-year period, reaching to 3.35
million [6]. The following years had a population of 3.41 and 3.47
million in 2020 and 2021, respectively [6]. Out of the 17 electrocution
cases investigated by the GDFSC, two case reports are included in this
paper to demonstrate the applicability of thedeveloped forensic tools
during a forensic electrical engineering investigation.

2. Methods

Electrocution is a frequent cause ofworkplace death anddomestic
accidents [7]. TheGDFSChas adopted several forensic tools to assist in
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수 년 동안 치명적인 감전 사고의 수가 증가함에 따라 관련된 기술적 원인을 파악하기 위한 

전문적인 법의공학자에 대한 수요가 증가하였다. 또한 감전 사고의 원인을 파악하는 것이 복

잡하기 때문에, 두바이 경찰의 법의학 및 범죄학 총괄 부서는 감전 사고를 진단하는 새로운 방

법론을 채택하게 되었다. 이는 법의학적 검사, 증거물의 전기적 진단 및 추적 증거 분석으로 

구성된 접근 방식이다. 이 연구에서는 채택된 방법의 적용을 두 가지 사례 보고를 통해 자세히 

설명하고자 한다. 첫 번째 사례 보고는 건설 현장에서 작업자가 램프를 켜려다 감전 사고를 당

한 사례를 다룬다. 두 번째 사례 보고는 작업장에서 세탁기의 플러그를 뽑으려다 기술자가 사

망한 사례에 관한 것이다. 이 방법론은 지정된 법의공학자가 참여한 두 사건의 조사 과정에서 

활용되었으며, 신뢰성 있는 결과를 보여주었다.

49. 감전사 진단에서 법공학의 역할: 2개의 사례 보고서
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