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This study examined whether formalin exposure during pathology specimen handling can be reduced
through a novel package structure that enables more sealed and localized operations, especially in settings
where large-scale equipment installation or substitution of hazardous chemicals is difficult. The study
compared formalin transfer from tanks or bottles, specimen immersion inside containers, and conventional
open-container handling, and clarified exposure-control requirements from both container-design and
operational-procedure perspectives.

During the grant period, several prototypes were developed and improved based on flexible polypropylene
containers. Key design considerations included the lid opening, filling port and connection structure, ease of
opening and closing, prevention of liquid and vapor leakage during formalin filling, reduction of the open
surface during specimen immersion, and compatibility with existing formalin tanks, cocks, and bag-in-box
liquid storage systems. These efforts defined the structural requirements for an exposure-reduction package
used together with standardized work procedures, rather than merely as a storage container.

The study also established reproducible laboratory protocols based on actual workflows in hospital
specimen-processing rooms and pathology laboratories. The protocols standardized container placement,
formalin volume, opening and immersion sequence, worker position, measurement points, measurement
time, and number of trials, enabling comparison between the new container system and conventional
methods. Repeated measurements were designed to assess differences related to operator experience.

For the measurement system, background formaldehyde concentrations were adjusted using a permeator
and diffusion tube, time-course concentrations were monitored with a formaldehyde monitor, and possible
leakage outside the equipment was checked using formaldehyde detection test papers. As a result, the study
achieved: prototype development and improvement of a new package structure for formalin work;
standardization of procedures approximating clinical practice; preparation of an experimental environment
for personal exposure and workplace environmental measurements; and establishment of an evaluation
protocol for quantitative comparison with conventional methods. Final measured values, reduction rates, and
test-paper results will be reported in a future academic publication after data analysis is finalized.

The significance of this study lies in demonstrating that packaging and containers can function not only
for transport and storage, but also as occupational health tools that control chemical exposure near the
source. Because formalin handling remains essential in medical settings and is often difficult to replace or
fully mechanize, a practical sealed-container approach may expand the options for risk reduction under

autonomous chemical substance management.
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This study suggests a new direction for the packaging industry by expanding the role of packaging and
containers from simple vessels for holding contents to control technologies that protect workers.
Conventional measures against hazardous chemicals such as formalin often rely on local exhaust ventilation,
glove boxes, large automated systems, chemical substitutes, or personal protective equipment. However, in
medical settings and small workplaces, such engineering controls are not always easy to introduce because
of limitations in space, cost, and compatibility with existing workflows. The concept developed in this study—
integrating container structure with work procedures—offers a practical packaging-based method for
enclosing the exposure source at the point of use without substantially changing current operations.

As workplaces are increasingly required to manage chemical substances autonomously, they must select
effective exposure-reduction measures based on risk assessment results. By demonstrating exposure
reduction through measurement, this study may support future standardization and product development
involving container design, lid structures, filling ports, cocks, and related components. In the future, this
approach could be applied not only to formalin but also to other volatile or irritant liquids, including chemical
solutions, fixatives, cleaning agents, and research reagents. Therefore, the study has the potential to create
new market value by enabling the packaging industry to contribute directly to occupational health, chemical

substance management, and medical safety.
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At present, there have been no conference presentations, journal publications, or new industrial property
applications based on this grant-supported research. After the quantitative measurement results are
organized, the researcher will consider presenting the findings at academic meetings such as the Japanese
Society of Packaging Science & Technology and the Japan Society for Occupational Health, as well as
submitting them to academic journals.
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