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Abstract 

Objective  To explore comprehensive interventions to reduce occupational hazards among medical staff 
in the pathology department of five primary hospitals.

Methods  The indoor air quality in the pathology department of five primary hospitals and the health status of staff 
were investigated and analyzed. Formaldehyde and benzene concentrations in the technical and diagnostic rooms 
of the pathology departments were analyzed before and after comprehensive interventions. The Environmental Pro-
tection Agency risk assessment paradigm was used to assess the health risks from occupational exposure to benzene 
and formaldehyde. Consequently, considering the local environment, targeted comprehensive intervention measures 
were developed, including optimizing management, raising awareness, updating equipment, and replacing reagents.

Results  Eye discomfort was higher among technicians in the pathology department than among clinical medi-
cal staff (P < 0.05). Before comprehensive interventions, formaldehyde concentrations were higher in the technical 
room than in the diagnostic room at the five primary hospitals (P < 0.05). However, compared to before interventions, 
formaldehyde and benzene concentrations in both rooms were significantly lower after comprehensive interven-
tions. Furthermore, although medium risks of occupational exposure to benzene and formaldehyde remained 
in both rooms before and after comprehensive interventions, the risk values before interventions were higher 
than after comprehensive interventions. The staff of the technical rooms showed higher risk values that those 
of the diagnostic rooms before and after comprehensive interventions. Similarly, although hazard quotient (HQ) 
values for occupational exposure to benzene and formaldehyde were < 1 in both the technical and diagnostic 
rooms before and after comprehensive interventions, with lower noncarcinogenic risks, the values were higher 
before than after comprehensive interventions. Moreover, staff in the technical room had higher HQ values 
before and after comprehensive interventions than those in the diagnostic room. The use of environmentally friendly 
reagents for the preparation of frozen sections was effective.

Conclusion  Comprehensive interventions significantly reduced occupational hazards among staff at the pathology 
department of five primary hospitals, which is of great practical significance to protect the health of staff.
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Introduction
Formaldehyde and benzene play crucial roles as organic 
solvents in the fixation and preparation of pathologi-
cal specimens. However, due to the pronounced toxic-
ity associated with benzene, less toxic alternatives like 
toluene and xylene are frequently employed as substi-
tutes for benzene in fixatives. Nevertheless, toluene and 
xylene may sometimes contain trace amounts of ben-
zene. According to the classification of the International 
Agency for Research on Cancer (IARC), formaldehyde 
and benzene have been identified as human carcinogens 
[1]. Numerous studies have demonstrated that in addition 
to their association with cancer and leukemia, formalde-
hyde and benzene exposure can also lead to the devel-
opment of cardiovascular and nervous system diseases, 
as well as respiratory symptoms [2, 3]. Because of their 
high volatility, formaldehyde and benzene are regarded 
as occupational indoor air pollutants. The evaporation of 
these substances in hospitals, clinics, and academic labo-
ratories can potentially result in exposure for laboratory 
technicians and other personnel working in these envi-
ronments. Research has shown that medical staff who are 
exposed to formaldehyde in hospital laboratories are at 
greater risk than others who work in other workplaces, 
since they are directly exposed to higher-concentration 
formaldehyde [4, 5] through inhalation or the skin. Peo-
ple who are exposed to benzene mainly absorb benzene 
through the respiratory system. In addition, when work-
ers are exposed to benzene vapor, percutaneous absorp-
tion through the skin also becomes a significant route 
of exposure [6]. Therefore, it is necessary to assess the 
health risk of technicians who are often exposed to for-
maldehyde and benzene in pathology departments. The 
health risk assessment is a qualitative or quantitative 
assessment of occupational harmful factors at work-
places, with the aim of estimating the potential health 
damage caused by occupational harmful factors and the 
possibility of health damage. Health risk assessment can 
provide a scientific basis for predicting the long-term 
effects of occupational harmful factors and for formulat-
ing prevention and control strategies.

The inhalation risk assessment model of U.S. Environ-
mental Protection Agency (EPA), the model of Singapore 
Ministry of Manpower (MOM), the model of the Inter-
national Council of Mines and Metals (ICMM), and the 
technical guide for health risk assessment in Chemical 
Exposure Environment (WS/T 777–2021) are the four 

methods commonly used for health risk assessment 
[7–9]. The model of the Singapore Ministry of Man-
power (MOM) and the ICMM model are used for semi-
quantitative risk assessment based on hazard level data, 
dose–response relationship and exposure level, while the 
inhalation risk assessment model of U.S. Environmen-
tal Protection Agency (EPA) and the technical guide for 
health risk assessment in Chemical Exposure Environ-
ment (WS/T 777–2021) are quantitative risk assessments 
available for assessing the health risks of chemical poi-
sons in various industries. In the context of formaldehyde 
and benzene risk assessment, the EPA (Environmental 
Protection Agency) method is extensively adopted in 
research. This method involves evaluating the cancer 
risks associated with formaldehyde exposure by estimat-
ing exposure concentration (EC) and lifetime cancer risk 
(LCR). Additionally, the hazard quotient (HQ) is calcu-
lated to quantify risks in biological matrices [10, 11]. In 
a preliminary investigation of the pathology department 
of the local hospitals, the present authors concluded that 
formaldehyde and benzene-containing chemical reagents 
are used extensively for anticorrosion and the prepara-
tion of pathological slices. As such, pathological techni-
cians are exposed to potential risks. The EPA model was 
used to analyze the health risks of pathological techni-
cians, and scientific measures were adopted to meet the 
requirements for occupational exposure limits.

In addition, most studies have reported on the con-
centration of important chemical reagents such as 
formaldehyde and benzene [12, 13]; however, studies 
comprehensively evaluating the exposure time, which 
may lead to biased results, are scarce. The Environmen-
tal Protection Agency (EPA)’s risk assessment para-
digm [7] has been used since the 1880s to determine 
the possibility and severity of occupational hazards. 
Therefore, the present study evaluated the carcinogenic 
and hazard risks of formaldehyde and benzene expo-
sure among staff based on the concentration level and 
exposure time using the EPA risk assessment paradigm 
[14, 15]. In addition, the present study formulated com-
prehensive interventions for occupational hazards in 
the pathology department based on two perspectives 
of both concentration level and exposure time. Practi-
cal and feasible methods using carcinogenic and hazard 
risk coefficients and the health status of medical staff 
were also explored to provide a standardization and 
normalization model.
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Materials and methods
Study subjects
Overall, we included 22 medical technicians (They fol-
lowed established procedures to perform tasks such as 
tissue dehydration, embedding, sectioning, and stain-
ing, ultimately producing qualified pathological slides. 
Additionally, they conducted basic tests related to immu-
nohistochemistry and molecular biology. Furthermore, 
there were 24 non-pathological professional medical 
staff from the medical examination center. These medi-
cal examiners can be divided into different specialties, 
including 6 internal medicine examiners, 6 surgical 
examiners, 6 gynecological examiners, and 6 facial fea-
tures examiners) from the sampling, technical, and 
diagnostic rooms of the pathology department of five 
hospitals—The First People’s Hospital of Fuyang Hang-
zhou (hereafter referred to as “First District Hospital”), 
The Second People’s Hospital of Fuyang Hangzhou (“Sec-
ond District Hospital”), Materal and Child Health Care 
Hospital of Fuyang Hangzhou (“District MCH Hospi-
tal”), Hangzhou Fuyang District Hospital of TCM (TCM) 
Hospital (“District TCM Hospital”), and Hangzhou City 
Fuyang TCM Orthopedics Hospital (“District Orthope-
dic Hospital”) (See supplementary Table 1 for the profile 
of the pathology department of the 5 hospitals). Abnor-
mal liver function was determined if WBC exceeded the 
reference value (2 ~ 4 × 109/L), namely, ALT > 40U/L or 
ASTT > 35U/L. Abnormal kidney function was deter-
mined if BUN > 7.6  mmol/L or Cr > 90  μmol/L. In addi-
tion, surveys regarding regular health examinations and 
self-administered questionnaires were conducted, which 
were administered by researchers who have received uni-
fied training to survey the subjects and explain the pur-
pose. For medical technicians who were often exposed to 
a variety of hazardous chemicals, the questionnaire con-
sisted of items related to smell disorder (such as hypos-
mia, anosmia, allergy, inversion, or phantom smell), eye 
discomfort (itchy, red, or dry eyes), and upper airway 
irritation (sneezing, dry or runny nose, and itchy throat). 
The medical examiners made the judgement based on 
the aforementioned criteria. This study began the status 
surveys, measure development, and intervention for-
mulation in 2021, with 2020 as “before comprehensive 
intervention” and 2022 as “after comprehensive inter-
vention”. In the year 2020, prior to the implementation of 
interventions, there was a total of 20 pathological tech-
nicians, 6 cutting-up benches, 35 fume cupboards, and 
6 ventilated and expellant drying cabinets across the five 
hospitals. By 2022, one employee had retired, and three 
new pathological technicians were hired. As a result, 
there were a total of 22 pathological technicians, 10 cut-
ting-up benches, 41 fume cupboards, and 10 ventilated 
and expellant drying cabinets. Data for the evaluation of 

conditions before and after the interventions were col-
lected on 12 occasions throughout the year. These assess-
ments were conducted consistently on the afternoon 
of the first Friday of each month, with fixed sampling 
sites. During this period, the workload increased from 
121,196 cases in 2020 to 144,447 cases in 2022. Notably, 
the temperature and humidity levels within the pathol-
ogy department remained within the specified range, 
with temperature ranging from 18 to 30℃ and humidity 
maintained between 45 and 75% (refer to Supplementary 
Table 1 for details).

Determination methods
Air sampling was conducted in the technical room and 
the diagnostic room on the afternoon of the first Friday 
of each month. Over this period, a total of 360 speci-
mens were collected, calculated as 12  months per year, 
2 rooms, 3 years, and 5 samples per event. The sampling 
was carried out in accordance with Sampling Specifica-
tion for Monitoring and Sampling of Toxic Substances in 
the Air in the Workplaces (GBZ 159–2004) [16]; The con-
centration of benzene was measured in accordance with 
the recommended gas phase liquid chromatography in 
the Determination of Toxic Substances in the Air in the 
Workplaces -Aromatic Hydrocarbon Compounds (GBZ/T 
160.42—2007) [17]; the concentration of formaldehyde 
was measured in accordance with the recommended 
phenol reagent spectrophotometry in the Determina-
tion of Toxic Substances in the Air in the Workplaces -Ali-
phatic Aldehydes Compounds (GBZ/T 160.54—2007) 
[18]. Zhejiang Huabiao Testing Technology Co., Ltd. 
was commissioned to conduct the monitoring. The full-
automatic atmospheric sampler (MH1200-B) by Qingdao 
Minhop Electronic Instrument Co., Ltd. was used for air 
sampling. The sampling was performed at two sampling 
sites (technical room and diagnostic room) of each hos-
pital. The SP-752PC UV–visible spectrophotometer by 
Shanghai Spectrum Instruments Co., Ltd. and 7890 gas 
chromatograph (FID detector, U.S. Agilent Corpora-
tion) were used for detecting formaldehyde and benzene, 
respectively.

Sampling was performed according to the guidelines of 
Sampling Specification for Monitoring Toxic Substances 
in Workplace Air (GBZ 159–2004) [16]. Short-term 
sampling at one fixed time point at the workplace was 
performed for formaldehyde detection, and long-term 
individual sampling was performed for benzene detec-
tion for medical staff in different positions, both under 
normal working conditions. Benzene and formaldehyde 
concentrations were determined according to the guide-
lines of Determination of Toxic Substances in Workplace 
Air-Aromatic Hydrocarbons (GBZ/T 160.42–2007) 
[17] and Determination of Toxic Substances in Workplace 
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Air-Aliphatic Aldehydes (GBZ/T 160.54–2007) [18], 
respectively.

EPA risk assessment paradigm
Assessment of carcinogenic risks
Carcinogenic risk resulting from inhalation was calcu-
lated using the following formula: risk = lifetime aver-
age daily dose (LADD)inh × inhalation unit risk (IUR); 
LADDinh = (concentration [C] × exposure frequency 
[EF] × exposure duration [ED] × ET)/lifetime [LT] 
(Table  1) [7]. Air pollutants were considered to have a 
low risk for cancer if their lifetime carcinogenic risk coef-
ficient was less than 1 × 10–6; a cancer risk was considered 
to exist if the risk coefficient was 1 × 10–6- 1 × 10–4,and 
there was a high risk if greater than 1 × 10–4.

Assessment of noncarcinogenic risks
Noncarcinogenic risk resulting from inhalation was cal-
culated using the following formula: hazard quotient 
(HQ) = average daily dose via inhalation (ADDinh)/refer-
ence concentration (RfC); ADDinh = (C × EF × ED × Expo-
sure frequency[ET])/Average time[AT] (Table 1) [7]. The 
reference value of HQ was 1, with HQ ≥ 1 indicating a 
high noncarcinogenic risk and < 1 indicating a low non-
carcinogenic risk.

Problems before comprehensive interventions 
and comprehensive intervention measures
Given the different sizes of the pathology department 
of the five primary hospitals and the quality of medi-
cal staff, different problems existed. Through in-depth 
research, the essence of the problems was identified 

and personalized, and comprehensive interventions 
were developed for symptomatic and comprehensive 
rectification (Table 2).

Statistical analysis
Determination data were manually entered into an Excel 
database, and a calculation program was established 
according to the formula to determine the occupational 
hazard risk levels of benzene and formaldehyde among 
the medical staff. SPSS 26.0 software (IBM, Armonk, NY, 
USA) was used for data processing. The normality of the 
data distribution was evaluated using the Shapiro–Wilk 
test and expressed as mean ± standard deviation. An 
independent sample t-test was used to analyze the differ-
ence between both groups. The chi-square test was used 
to compare the rates between both groups P < 0.05 was 
considered statistically significant.

Results
Demographics of the technicians and clinical medical staff 
at the pathology department
Regarding age, sex, title, and educational background, 
there was no statistical difference between both groups 
(P > 0.05, Table 3).

Effect of integrated measures adopted during intervention
The three comprehensive interventions were sequen-
tially implemented. The first step involved reducing the 
sources of pollutants, leading to a reduction in formal-
dehyde and benzene levels in the technical and diag-
nostic rooms of the pathology departments in all five 
hospitals. Building upon this reduction, the second 

Table 1  Inhalation exposure parameters

Abbreviations: HQ Hazard quotient, ADDinh Average daily dose via inhalation, LADDinh Lifetime average daily dose via inhalation, AT Average time, LT Lifetime, IUR 
Inhalation unit risk, C Mass concentration of contaminant, EF Exposure frequency, ED Exposure duration, ET Exposure time, RfC Reference concentration, CDC Centers 
for Disease Control and Prevention, ATSDR Agency for Toxic Substances and Disease Registry

Parameter Description

RISK Carcinogenic risk coefficient

HQ Noncarcinogenic hazard quotient

ADDinh Average daily dose via inhalation (μg/m3)

LADDinh Lifetime average daily dose via inhalation (μg/m3)

C Pollutant concentration (μg/m3)

ED Exposure duration (years), calculated based on the assumption of starting work between the ages of 24 
to 28 and retiring at 55 for female workers and 60 for male workers, resulting in an estimated EDof 30 years

EF Exposure frequency (d/year), calculated considering a standard work year of 52 weeks, with 5 working days 
per week, accounting for 11 legal holidays, and incorporating some overtime

ET Exposure time (h/d), regarded as 8 h, which represents the standard daily working hours

AT Average time (hours), 30 years × 365 days × 24 h = 262,800 h

LT Lifetime (h) (life expectancy of the household population in Hangzhou, Zhejiang, China, in 2022: 83.63 years)

IUR Inhalation unit risk (μg/m3)−1 (CDC & ATSDR: formaldehyde: 13.0 × 10–6; benzene: 2.2—7.8 × 10–6)

RfC Inhalation reference dose (μg/m3) (CDC ATSDR: formaldehyde: 9.83; benzene: 30)
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intervention focused on enhancing the removal of pol-
lutant sources. This further decreased the formaldehyde 
and benzene concentrations in these rooms. Lastly, 
the third intervention introduced refined management 
practices, resulting in an additional reduction in for-
maldehyde and benzene levels within the technical and 
diagnostic rooms of the pathology departments across 
all five hospitals (See Fig. 1).

Determination results of occupational hazards
After an on-site hygiene investigation, the determina-
tion results of formaldehyde and benzene concentrations 

at the pathology department of the five primary hospi-
tals showed that10 testing sites met the indoor air qual-
ity standards (Indoor Air Quality Standards [GBGB/
T18883-2002]). However, benzene used at a few sites was 
slightly higher than the standards of Indoor Air Quality 
Standards (GBGB/T18883-2002). Before comprehen-
sive interventions, the formaldehyde concentrations in 
the technical rooms were higher than in the diagnostic 
rooms (P < 0.05). The 10 test sites in the five primary hos-
pitals had higher formaldehyde and benzene concentra-
tions before than after comprehensive interventions, with 
the difference being statistically significant (P < 0.05). 

Table 3  Demographics of technicians and clinical medical staff in the pathology department

Variables Case (n) Age (years) Sex (m/f, n) Title (n) Educational background (n)

Primary Intermediate Advanced College Undergraduate Graduate

Technician 22 36.82 ± 10.03 7/15 5 15 2 4 16 2

Clinical medical staff 24 36.29 ± 10.00 7/17 6 15 3 3 18 3

Statistical values - T = 0.178 Z = -0.193 Z = -0.600 Z = -0.117

P value - 0.859 0.847 0.548 0.907

Fig. 1  The influences of different interventions on formaldehyde and benzene in the technical room and the diagnostic room of the pathology 
department
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However, after comprehensive interventions, all the test-
ing sites met the requirements of Indoor Air Quality 
Standards (GBGB/T18883-2022). Conversely, except for 
the First District Hospital, there appeared to be no signif-
icant difference in formaldehyde and benzene concentra-
tions in the remaining four hospitals after comprehensive 
interventions (P > 0.05, Table 4).

Carcinogenic risk
Medium risk values were observed with occupational 
exposure to benzene and formaldehyde among staff 
in both rooms before and after comprehensive inter-
ventions, although higher before than after com-
prehensive interventions. Furthermore, the staff in 
thetechnical rooms showed higher risk values than those 
in the diagnostic rooms before and after comprehensive 

interventions (Tables  5 and 6) (See Supplementary 
Tables 2 and 3 for the detailed calculation process).

Noncarcinogenic risk
Before the comprehensive interventions, the HQ (Haz-
ard Quotient) values for occupational exposure to for-
maldehyde in the technical rooms exceeded 1, indicating 
a higher noncarcinogenic risk associated with exposure. 
However, in the diagnostic rooms before the interven-
tions, the HQ values for occupational exposure to formal-
dehyde were below 1, signifying a lower noncarcinogenic 
risk. The HQ values for occupational exposure to ben-
zene and formaldehyde were less than 1 in both rooms 
after comprehensive interventions, with lower noncarci-
nogenic risks. Before comprehensive interventions, the 
HQ values of the occupational exposure to benzene and 
formaldehyde in the staff of the technical and diagnostic 

Table 4  Detection results of benzene and formaldehyde concentrations in the pathology department of the five primary hospitals

2021 indoor air quality testing (before comprehensive interventions)was in accordance with the guidelines of Indoor Air Quality Standards(GB/T18883-2002): 
formaldehyde ≤ 0.10mg/m3 and benzene ≤ 0.11mg/m3; 2022 indoor air quality testing (after comprehensive interventions)was in accordance with the guidelines of 
Indoor Air Quality Standards(GB/T18883-2022): formaldehyde ≤ 0.08mg/m3 and benzene ≤ 0.03mg/m3. t value: statistic value of t-test

Abbreviations: MCH Maternal and Child Health, TCM Traditional Chinese Medicine

Workplace Formaldehyde (μg/m3) Benzene (μg/m3)

Before 
comprehensive 
interventions

After 
comprehensive 
interventions

t value P value Before 
comprehensive 
interventions

After 
comprehensive 
interventions

t value P value

First District Hospital

  Technical room 54.167 ± 6.686 26.583 ± 4.944 11.491  < 0.001 38.0833 ± 7.115 24.917 ± 4.522 4.848  < 0.001

  Diagnostic room 37.750 ± 4.731 19.667 ± 3.601 10.535  < 0.001 32.667 ± 6.485 24.583 ± 4.999 3.420 0.002

  t value 6.943 3.917 - - 1.7888 0.171 - -

  P value  < 0.001 0.001 - - 0.088 0.866 - -

Second District Hospital

  Technical room 52.917 ± 7.128 28.083 ± 7.128 7.830  < 0.001 35.167 ± 6.793 25.0833 ± 5.584 3.174 0.004

  Diagnostic room 39.333 ± 6.443 25.417 ± 4.814 5.994  < 0.001 32.500 ± 7.342 23.500 ± 3.119 2.754 0.012

  t value 4.897 0.958 - - 0.610 0.827 - -

  P value  < 0.001 0.349 - - 0.548 0.417 - -

District MCH Hospital

  Technical room 52.250 ± 7.736 27.167 ± 6.365 7.896  < 0.001 37.500 ± 7.752 24.0833 ± 5.760 4.813  < 0.001

  Diagnostic room 41.417 ± 6.288 23.167 ± 3.857 8.570  < 0.001 34.250 ± 6.312 23.250 ± 3.571 5.254  < 0.001

  t value 3.424 1.862 - - 1.126 0.426 - -

  P value 0.02 0.076 - - 0.272 0.674 - -

District TCM Hospital

  Technical room 53.917 ± 7.304 25.833 ± 7.209 7.971  < 0.001 36.750 ± 6.254 24.91 ± 4.209 5.437  < 0.001

  Diagnostic room 37.250 ± 5.259 24.167 ± 6.028 4.195  < 0.001 32.667 ± 6.959 23.750 ± 4.693 3.340 0.003

  t value 4.992 0.503 - - 1.357 0.641 - -

  P value  < 0.001 0.620 - - 0.188 0.528 - -

District Orthopedic Hospital

  Technical room 54.000 ± 6.164 30.417 ± 6.402 7.405  < 0.001 35.750 ± 5.446 27.750 ± 6.240 3.346 0.003

  Diagnostic room 38.333 ± 7.785 25.417 ± 5.143 4796  < 0.001 33.000 ± 6.954 25.417 ± 4.757 2.840 0.010

  t value 5.465 1.650 - - 0.990 1.030 - -

  P value  < 0.001 0.113 - - 0.333 0.314 - -
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rooms were higher than those after comprehensive inter-
ventions. The staff in the technical rooms had higher HQ 
values before and after comprehensive interventions than 
those in the diagnostic rooms (Tables 5 and 6) (See Sup-
plementary Tables  4 and 5 for the detailed calculation 
process).

Health status of the technicians and clinical medical staff 
at the pathology department
Eye discomfort was higher among technicians than clini-
cal medical staff (P < 0.05). However, the difference was 
insignificant in abnormal white blood cell (WBC) count, 
abnormal liver and kidney functions, smell disorder, 
eye discomfort, and upper airway irritation, despite the 
higher proportion of technicians compared to clinical 
medical staff (P > 0.05, Fig. 2).

Quality evaluation of environmentally friendly reagents 
in rapid preparation of frozen sections
After rapid preparation of frozen tissue sections and 
staining of 20 cases of thyroid and breast tissues using 
conventional methods and environmentally friendly 
reagents, both methods were found to be effective, as 
observed under a microscope (Fig. 3).

Discussion
Medical technicians in pathological laboratories are often 
exposed to a variety of harmful chemicals, such as ben-
zene and formaldehyde, both of which are carcinogenic 
substances. Therefore, staff and hospital management 
should work in tandem to formulate and implement com-
prehensive interventions to ensure a safe occupational 
environment, reduce occupational hazards, and protect 

staff health, particularly staff in the pathology depart-
ment in primary hospitals. Most studies have focused 
on whether benzene and formaldehyde concentrations 
in the technical room of a pathology department met 
the relevant standards and whether long-term exposure 
to certain concentrations of benzene and formaldehyde 
was a risk to human health in general. However, studies 
assessing the risk of benzene and formaldehyde exposure 
on the health of staff in the pathology departments are 
limited. Part A of the Human Health Risk Assessment rec-
ommended by the U.S.EPA and Supplemental Guidance 
for Inhalation Risk Assessment in Part F provide impor-
tant technical references for risk assessment of occupa-
tional health hazards from indoor air. The assessment 
method takes into account the toxic hazards, exposure 
concentration, exposure time, and acute and chronic 
effects. Meanwhile, parameters such as RfC and IUR are 
supported by a large number of laboratories and epide-
miological data, with few subjective components, and 
the assessment conclusions are scientific, rigorous, and 
credible [7, 13–15]. Therefore, a preliminary evaluation 
of benzene and formaldehyde concentrations in the tech-
nical rooms of the pathology department, combined with 
a human health risk assessment model, was conducted to 
explore their hazards to humans in-depth and provide a 
basis for further improving the preventive measures.

We first investigated the health status of the technicians 
and clinical medical staff in the pathology departments 
of five hospitals, and a statistical analysis was then con-
ducted. The results showed that eye discomfort was the 
only finding that was statistically different between the 
two groups. In contrast, abnormal WBC count, abnor-
mal liver and kidney functions, smell disorder, and upper 

Fig. 2  Comparison of the health status of the technicians and clinical medical staff at the pathology department. a Abnormal white blood cell 
count and abnormal liver and kidney functions b Smell disorder, eye discomfort, and upper airway irritation
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Fig. 3  Hematoxylin–eosin staining of rapid frozen sections of thyroid and breast tissues using conventional and environmentally friendly 
reagents. : Breast tissues using conventional reagents; : Breast tissues environmentally friendly reagents; : Thyroid using conventional 
reagents; : Thyroid using environmentally friendly reagents
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airway irritation were predominantly higher among the 
technicians than the clinical medical staff, which was 
different from a previous study [19]. This numerical dif-
ference without statistical significance between both 
groups may be attributed to the study’s small sample size. 
Therefore, further studies with larger sample sizes are 
warranted.

The physical health of staff in the technical room was 
closely associated with chemical concentrations, such 
as formaldehyde and benzene, in indoor air. The high 
concentrations were due to the relatively independent 
technical and diagnostic rooms, a clear division of labor 
between the staff, and an overlap between them, cou-
pled with large amounts of chemical reagents and greater 
chances of chemical exposure in the technical rooms. 
In this study, we found that formaldehyde and benzene 
concentrations in the technical rooms of the pathology 
department of the five primary hospitals in the district 
were higher than that in the diagnostic rooms. How-
ever, the formaldehyde concentrations detected in this 
study were slightly lower than those reported in previ-
ous reports [20]. After comprehensive interventions, 
including scientific planning, standardized operations, 
upgrading equipment, changing reagents, and improv-
ing self-protection, formaldehyde and benzene concen-
trations in the pathology department were significantly 
lowered. The exposure limits to formaldehyde and ben-
zene according to the Indoor Air Quality Standards 
(GB/T18883-2002) were 0.10  mg/m3 and 0.11  mg/m3, 
respectively [21]. Whereas, these values were reduced to 
0.08  mg/m3 and 0.03  mg/m3, respectively [22]. Accord-
ing to the U.S. ACGIH-TLV 2022, the safety levels of for-
maldehyde and benzene are 0.3 mg/m3 and 0.06 mg/m3, 
respectively. Although both values were lower than the 
domestic and foreign safety levels, and the concentration 
of benzene decreased significantly after comprehensive 
interventions (close to the national standard), interven-
tions that further reduce their concentrations to a lower 
range are warranted.

We found that staff in the technical room occupation-
ally exposed to benzene and formaldehyde had high car-
cinogenic and noncarcinogenic health risks. Although 
exposure to concentrations that meet authoritative 
standards may not cause significant damage in a short 
period, long-term retention of these substances in the 
body can pose a certain risk of carcinogenesis, The car-
cinogenic risk recommended by the EPA is not only posi-
tively correlated with the concentrations of formaldehyde 
and benzene but also with the life expectancy of the staff. 
As life expectancy increases worldwide, the risk of car-
cinogenesis maybe amplified. The current study revealed 
that the carcinogenic risk of formaldehyde and benzene 
in the technical and diagnostic rooms of the pathology 

department of five primary hospitals was remarkably 
reduced after comprehensive interventions, although 
medium risks remained. This indicated that long-term 
exposure to formaldehyde and benzene concentrations 
even within the acceptable limit still poses health risks 
to staff, which is in line with the findings of Li et  al. 
[23]  and Wang et  al. [24]. The carcinogenic risk of for-
maldehyde and benzene among staff can only decrease 
when their concentrations in the workplace are reduced 
to lower or closer to the environmental concentration 
levels. Similarly, the noncarcinogenic risk of formalde-
hyde and benzene in the technical and diagnostic rooms 
of the pathology department of five primary hospitals 
was considerably reduced after comprehensive interven-
tions, although it remained in the low-risk range before 
and after comprehensive interventions. These data indi-
cated that the noncarcinogenic risks of formaldehyde 
and benzene were manageable. Compared with the con-
ventional method of evaluating toxicity based on occu-
pational exposure limits, risk assessment methods can 
comprehensively and quantitatively express the health 
risks of various populations exposed to toxins. If health 
risks were evaluated by health economics, the economic 
loss caused by various pollutants can be quantitatively 
estimated, which has an important guiding significance 
for occupational health management and decision-mak-
ing. In addition, since the present study was conducted 
in primary hospitals, the limitation is that there was no 
testing of personal formaldehyde and benzene or moni-
toring of xylene. In the future, this will be rectified and 
the foregoing testing and monitoring will be included, so 
as to allow for the occupational hazards to be assessed in 
a more comprehensive manner.

Given the occupational health risks in the pathology 
department, active measures should be taken to reduce 
the occupational hazards of formaldehyde and ben-
zene and minimize health risks. First, the use of chemi-
cal reagents, such as formaldehyde and benzene, should 
be reduced. Here, we attempted to replace traditional 
reagents with environmentally friendly reagents and 
completely change the environment of the pathology 
department. We also included rapid frozen tissue sec-
tions in the pilot project according to the department’s 
characteristics, and the results showed that the prepara-
tion quality of frozen tissue sections with environmen-
tally friendly reagents was not significantly different from 
that with traditional methods and can meet the needs of 
daily clinical work. However, quality control, standardi-
zation, and toxicological experiments of environmentally 
friendly reagents have yet to be studied; in addition, the 
cost of using these agents is higher than those of tradi-
tional reagents. Therefore, there remains significant room 
for further innovation and development in completely 
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applying environmentally friendly reagents instead of tra-
ditional reagents for the preparation of various tissue sec-
tions in the pathology department.

Conclusion
Occupational health risks in the pathology department 
are a serious concern and need sufficient attention. Com-
prehensive interventions, including improving hardware 
facilities, increasing awareness and education on occupa-
tional hazards and protective measures among medical 
staff, optimizing hospital management, and reagent substi-
tution can help reduce occupational exposure to harmful 
substances, such as formaldehyde and benzene. In addi-
tion, establishing a set of optimization programs that are 
suitable for individual pathology departments by drawing 
on advanced risk assessment models can effectively reduce 
indoor air pollution to environmental concentration levels, 
thereby preventing various health hazards.
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