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ABSTRACT

Line cooks in commercial restaurants work intense, high-stress shifts during near sources of heat, rendering them
vulnerable to heat stress and occupational injury. However, there is a dearth of literature on heat stress among this
population. This study investigated three common commercial kitchen configurations—zone, island, and assembly—
to determine which design experiences the highest temperatures and if temperatures were in excess of recommended
levels. A total of 11 restaurants were sampled for temperature using a Wet Bulb Globe Thermometer (WBGT). De-
scriptive statistics indicated that, on average, zone configurations are hotter than other kitchens and could pose a risk
of heat stress; however, a Kruskal-Wallis test of significance revealed that this distinction was not statistically signif-
icant. Two measurements for zone kitchens were borderline significant, suggesting that future studies with greater
statistical power would find significant differences between the kitchen types and further illuminate the risk of heat
stress.

Introduction

The culture of food consumption in America has shifted from at-home preparation of meals to a nearly equal reliance
on takeout, dine-in, and delivery food,' and demand for food service workers has escalated in turn. Approximately 2.3
million workers, many of who are minorities, work as cooks in various establishments across the United States, gen-
erally as line cooks who are either responsible for the entirety of food preparation or who operate a single “station”
inside a kitchen.? 3 Food service workers, especially the “back room staff” (e.g., cooks, dishwashers), often experience
unsafe working conditions in kitchens,** and immigrant workers are even more likely to work in unhygienic and
crowded environments.®® Unsafe working conditions are often exacerbated by kitchen design, which is shaped by
ergonomics, energy efficiency, ventilation, and ease of maintenance (among other factors).” Oftentimes kitchen design
maximizes work capacity rather than worker comfort; rising real estate costs have driven restaurants to maximize table
space and subsequently downsizing kitchen areas.!® !! These trends tend to place line cooks in cramped conditions
near or over sources of heat such as stoves, salamanders (industrial toasters), fryers, and dishwashers for the entirety
of an 8-10 hour shift.'""?

Anecdotally, cooks report experiencing extreme summer temperatures, dehydration, loss of water weight,
and distress due to kitchen temperatures.'* Occupational health professionals have recorded that cooks experience high
rates of musculoskeletal pain, burns, cuts, and exposure to hazards such poor air quality and or toxic chemicals, which
a growing body of evidence has linked to the discomfort and loss of focus associated with heat stress and strain. %17
Acute exposure to excessive heat is associated with numerous other symptoms, ranging from discomfort to headache
to syncope to heat stroke, while chronic exposure has been linked to higher rates of renal and thyroid disease, among
others. '8!° While there is generally a dearth of literature on food service workers and heat stress, a few studies, such
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as those by Gharibi et al. and Singh et al. have identified heat as the source of adverse health effects, including in-
flammatory responses and changes in hematological parameters, among kitchen workers.? 2!

The majority of health and safety professionals rely on employee-level interventions such as light clothing, rest breaks,
and hydration to control heat stress, and food service is no different.'* 22 Adequate ventilation can reduce heat expo-
sure, but may lead to uneven temperatures throughout the establishment or present cooking difficulties.”®> However,
different kitchen configurations distribute heat-generating equipment in different configurations throughout the
kitchen, oftentimes with the intent of lessening heat exposures for cooks. This study proposes to investigate if tem-
peratures in commercial kitchens reach levels that might result in employee heat stress, and to further determine if one
kitchen configuration reaches higher temperatures than others.

Methods

This observational pilot study was designed to establish preliminary temperature profiles among different kitchen
configurations in order to determine if 1) kitchen temperatures reached excessive heat levels (defined by the temper-
ature and work intensity matrix created by the American Conference of Governmental Industrial Hygienists [ACGIH),
and 2) if certain kitchen configurations tended towards higher temperatures. The three kitchen configurations investi-
gated in this study are the zone kitchen, island kitchen, and assembly kitchen (see Figures 1-3 for details). Based upon
the initial qualitative observations of the three types, it was hypothesized that the zone kitchen layout was likely to
demonstrate the highest temperatures, as it does not center its hottest equipment in the middle of the kitchen, therefore
concentrating the amount of heat in one specific area and reducing potential heat dispersion.
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Figure 1. Schematic of a zone kitchen, which places all meal cooking in one area of the kitchen. Zone kitchen con-
figurations are used to increase organization and divide personnel according to their specific tasks, such that one
person might spend their entire chef cooking food. This is typically beneficial for restaurants with a large menu selec-
tion.’
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Figure 2. Schematic of an island kitchen, which positions cooking in the center of the kitchen in one large “block.”
Food preparation takes place along the walls of the kitchen. Island kitchens require greater amounts of space to allow

for free flow of preparation and cooking.’
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Figure 3. Schematic of an assembly kitchen, which is typically used in fast food or casual dining settings where the

limited menu allows for preparation of meals as the customer passes through from food preparation to meal cooking
to checkout in the service area. All meal cooking is centralized in the customer-facing portion of the kitchen.’
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Recruitment took place between February 2019 to December 2019, with specific outreach to zone, island, and assem-
bly kitchens.?* Most recruitment took place within the Salt Lake City, UT area, although restaurants in Seattle, WA
and Boise, ID were also recruited in order to obtain a possible control for differing elevations within different regions.
Initially, a cover letter was constructed to send to restaurants explaining the premise of the study and the instrumen-
tation that would be used. Due to low response rates, a researcher then traveled to individual restaurants at off-hour
times (e.g., 3 p.m.) and recruited individual managers and employees to participate.

In order to use ACGIH work-rest ratios (see Table 1), a Wet Bulb Globe Thermometer (WBGT) was selected
to measure temperatures. The WBGT provides the wet bulb temperature (which takes into account the temperature
while also considering evaporation) the dry bulb (ambient air or dry temperature), and globe temperature (radiant heat,
which is especially key in measuring heat that would be absorbed from kitchen equipment). Line cooks work contin-
uously with few, if any, break periods, and labor that can be fairly characterized as moderate (sustained moderate hand
and arm work) or heavy (walking at a fast pace, intense arm and trunk work).? As previous work by Gharibi et al.
characterized baking goods as heavy labor under ACGIH Guidelines, this study chose to do the same, as the tasks are
analogous in terms of effort.

Table 1. ACGIH recommended maximum temperature values stratified by work-rest regimens and type of work.?

Work load (WBGTi) in C°
Work-rest regimens Light Moderate Heavy
Continuous work 30 26 25
75% work, 25% rest, each hour 31 27 25
50% work, 50% rest, each hour 31 29 27
25% work, 75% rest, each hour 32 31 30

Sampling took place 2/27/2019 — 12/26/2019, on a date and time in which the restaurant experienced peak activity
and therefore greatest possible temperature levels (e.g., 7 p.m. on a Friday night). Prior to active sampling, a brief
survey of the kitchen was taken by the researcher to classify the kitchen configuration and visually observe all heat-
generating appliances in the kitchen. A brief discussion was also had with the line cook on duty to determine where,
in his/her opinion, the greatest heat exposures were present. A TSI Quest Temp 32 WBGT ™ (TSI/Quest Technolo-
gies, Oconomowoc, Wisconsin) was then placed in the area mutually agreed to be the most central area of heat by
both the researcher and the chef/manager of the kitchen.

The WBGT indoor (WBGTi) (WBGTIndoor = (0.7 x Temp Wet) + (0.3 x Temp Globe) is a final measure-
ment of the combination between the wet bulb and dry bulb parameters. This equation is preferential over the WBGT
outdoor equation, which considers solar energy radiating from the sun. WBGT1 is typically used by industrial hygien-
ists and occupational health and safety professionals to determine acceptable work-rest regimens or break schedules.?
Prior to active temperature readings in the kitchen, the WBGT was turned on for 15 minutes within the lobby to
acclimate to the surroundings and ensure that readings would be accurate. Inside the kitchen, the WBGT was placed
in accordance with the following criteria: a) at least 1.524 meters above the ground, b) on a heat-proof surface, c)
central in the area identified as reaching greatest heat concentrations.”’” The WBGT was always placed at a height that
was equivalent to a waist-to-chest height of an average human (i.e., at least waist high or 1.524 meters, whichever was
higher).

Statistical Analysis
Descriptive statistics were calculated in Excel ™ (Microsoft, Redmond, Washington) to determine the average tem-
peratures of each configuration and compare those to ACGIH temperature recommendations for continual heavy labor.

An analysis of variance was performed for each of the WBGT’s parameters (i.e., dry bulb, wet bulb, globe, and
WBGTinwor) to determine if one configuration’s distribution was statistically significantly different from the others
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(alpha = 0.05). Following determination of the normality of the data in IH STAT Version 235 (American Industrial
Hygiene Association), a non-parametric test—the ANOVA equivalent, Kruskal-Wallis test—was used to assess
whether the distributions amongst the WBGT parameters were statistically significantly different from one another.

Results

A total of 3/25 restaurants responded to the initial inquiry letters (12% response rate), and 8 responded to in-person
recruitment (47% response rate) for an overall total of 11 restaurants recruited (9 in Salt Lake City, 1 in Seattle, and
1 in Boise). Kitchen configurations were distributed between the total sample size (4 zone kitchens, 3 island kitchens,
and 3 assembly kitchens). Descriptive statistics revealed that the group of zone kitchen configurations experienced
higher temperatures, with higher average values measured in all four parameters of the WBGT (see Table 2). Overall,
WBGTi of 2 of the 3 zone kitchens fell within at least £1°C of ACGIH recommendation for continual heavy work,
with one island kitchen meeting that same criteria.

Table 2. Individual and aggregate temperature Results Stratified by Kitchen Configuration. Ambient temperatures
obtained from U.S. Climate Data.”® *Denotes temperatures within =1°C of ACGIH recommendation for continual

heavy work.
Kitchen Sampling Date Average High/Low Ambient Wet C° Dry Globe C° | WBGTi C°
Temperature (in C°) C°

Zone (n=4, aggregated) 22.8 43.9 44.7 29.1%

Zone-1 2/27/19 12.7/17.2 3391 89.0 84.1 48.8*

Zone-2 6/6/2019 30.6/17.2 17.1 26.3 27.1 19.8

Zone-3 7/12/2019 36.7/22.8 20.5 26.3 28.8 22.9

Zone-4 10/22/2019 16.1/7.8 19.8 34.2 37.3 24 5%

Island (n=3, aggregated) 15.4 24.9 26.1 18.8

Island-1 9/22/2019 22.2/89 19.8 34.2 37.3 24 5%

Island-2 12/6/2019 10.0/1.7 15.5 24.4 24.9 19.8

Island-3 12/26/2019 3.3/0.6 13.1 21.1 23.6 22.9

Assembly (n=3, aggregated) 16.1 24.8 27.1 19.2

Assembly-1 6/18/2019 26.7/15.6 16.8 26.2 28.3 20.2

Assembly-2 9/16/2019 29.4/22.8 18.1 27.0 29.5 21.6

Assembly-3 10/22/2019 16.1/7.8 14.0 22.7 24.9 17.2

Assembly-4 10/25/2019 16.7/3.9 15.6 23.4 24.0 17.9

A difference of between 5-16° Celsius was observed between the kitchen configurations across all four parameters.
Temperatures measured in the island and assembly kitchen configurations were highly similar in all WBGT parame-
ters, with the assembly kitchen configuration measuring, on average, slightly higher temperatures than the island
kitchen configuration (see Table 2). However, Kruskal-Wallis testing revealed that the differences between each
configuration were not statistically significantly different (Table 3).
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Table 3. Kruskal-Wallis Results

Temperatures Wet Dry Globe WBGTi
K -Value 5.32 3.57 2.96 3.60
P-Value 0.069> 0.05 0.16>0.05 0.22>0.05 0.16> 0.05
Discussion

This observational pilot study was performed to determine if temperatures in commercial kitchens reach levels that
might result in employee heat stress, and to further determine if one kitchen configuration poses a higher risk of heat
stress than another. Given that temperatures in 3 out of the 11 kitchens met or exceeded ACGIH guidelines, there is
promising evidence that some commercial kitchens produce unsafe levels of heat.

Descriptive statistics showed that on average, the WBGTi for zone configurations are higher than other
kitchen configurations. The average WBGT1 of zone configurations were higher due to one reading of 89°C (dry bulb)
and 84.1°C (globe temperature); however, these temperatures are well within the limit of those measured by the
WBGT (maximum temperature reading of 100°C). Given that one other zone kitchen measured high temperatures,
this is likely not an outlier but an extreme value due to the poor heat dispersal within that particular kitchen area.
The three configuration temperatures were found to be distributed similarly, suggesting that there is no significant
difference in temperature by configuration type. However, given the trend of higher observed temperatures in zone
kitchen types, further investigation of this question is warranted. Additional research with a larger sample size might
reveal statistical significance indicating that zone configurations are less likely to adequately disperse heat.

These limitations in sample size were in large part due to difficulties in recruiting. Reasons stated for non-
participation included anxiety and/or fear over instrumentation, with several restaurant staff asking if the instruments
were radioactive. Other concerns focused on confusion over whether results from the sampling would be reported to
OSHA. In many cases, researcher attempts to assuage these anxieties were unsuccessful. Often the greatest successes
were found when speaking directly to the line cooks, as many of them expressed concern over high heat levels in their
kitchens.

In spite of varying recruitment techniques, from an informative cover letter to ad hoc in-person recruitment,
participation rates remained low. Kitchens that did not agree to participate in the study posed a non-response bias that
may have skewed these results. It is possible that kitchens more willing to participate in the study were less concerned
about heat, while others may have declined to participate in response to pre-existing concerns over temperature or
concerns that they would be brought to light.

Conclusions and Recommendations

In spite of these limitations, this study offers preliminary insight into the heat-related stressors experienced
by line cooks in commercial kitchens. Given the wide breadth of anecdotal evidence that commercial kitchens reach
untenable temperatures, as well as the preliminary results from this study, this topic warrants additional investigation.
Research that seeks to characterize and then eventually control heat stress may lead to reducing overall non-fatal
occupational injuries and unnecessary heat strain by line cooks and other personnel in commercial kitchens. In partic-
ular, this study sought to examine kitchen configuration rather than personal protective equipment, shortened shifts,
or alteration of work duties, all of which would likely be less than feasible in the high-stress restaurant industry.
Arrangement of heat-generating instruments is an engineering control that would be relatively easy and inexpensive
to implement, and therefore might be of greater interest to restaurant owners and managers than other options.

Future research in this area should seek first to reduce barriers to participation. Possible approaches include
recruitment of line cooks specifically rather than restaurant managers, seeking corporate approval to conduct studies,
or partnering with food inspections to assess temperature. This research may also be furthered by incorporating
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assessments of core body temperature (e.g., via an ingestible thermometer pill) among line cooks in order to determine
how kitchen heat affects the body, as well as heat assessments that examine ventilation and cooling.
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