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Abstract

Background: The present study is an attempt to explore the association between kitchen indoor air pollutants
and physiological profiles in kitchen workers with microalbuminuria (MAU) in north India (Lucknow) and south
India (Coimbatore).

Methods: The subjects comprised 145 control subjects, 233 kitchen workers from north India and 186 kitchen workers
from south India. Information related to the personal and occupational history and health of the subjects at both
locations were collected using a custom-made questionnaire. Worker lung function was measured using a spirometer.
Blood pressure was monitored using a sphygmomanometer. Urinary MAU was measured using a urine analyzer. Indoor
air monitoring in kitchens for particulate matter (PM), total volatile organic compounds (TVOC), carbon dioxide (CO,)
and carbon monoxide (CO) was conducted using indoor air quality monitors. The size and shape of PM in indoor air
was assessed using a scanning electron microscope (SEM). Fourier transform infrared (FTIR) spectroscopy was used to
detect organic or inorganic compounds in the air samples.

Results: Particulate matter concentrations (PM, s and PM;) were significantly higher in both north and south Indian
kitchens than in non-kitchen areas. The concentrations of TVOC, CO and CO, were higher in the kitchens of north and
south India than in the control locations (non-kitchen areas). Coarse, fine and ultrafine particles and several elements
were also detected in kitchens in both locations by SEM and elemental analysis. The FTIR spectra of kitchen indoor air
at both locations show the presence of organic chemicals. Significant declines in systolic blood pressure and lung
function were observed in the kitchen workers with MAU at both locations compared to those of the control subjects.
A higher prevalence of obstruction cases with MAU was observed among the workers in the southern region than in
the controls (p < 0.01).

Conclusions: Kitchen workers in south India have lower lung capacities and a greater risk of obstructive and restrictive
abnormalities than their north Indian counterparts. The study showed that occupational exposure to multiple kitchen
indoor air pollutants (ultrafine particles, PM, s, PM;, TVOC, CO, CO,) and FTIR-derived compounds can be associated
with a decline in lung function (restrictive and obstructive patterns) in kitchen workers with microalbuminuria. Further
studies in different geographical locations in India among kitchen workers on a wider scale are required to validate the
present findings.
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Background
Cooking oil fumes at workplaces such as kitchens con-
tain polycyclic aromatic hydrocarbons (PAHs), volatile
organic compounds, aldehydes, alkanoic acids, carbon
monoxide, carbon dioxide, and fine and ultrafine par-
ticulate matter and can be a major source of indoor air
pollution [1, 2]. These pollutants have been associated
with increased cardiovascular mortality and morbidity
[3, 4]. According to the 2014 World Health Organization
(WHO) report, particulate matter (PM) is responsible
for approximately 7 million deaths worldwide [5]. India
has the highest mortality rate due to indoor and outdoor
air pollution sources [6]. Indoor cooking at high temper-
atures (>300 °C) in a kitchen can generate different types
of PM and toxicants including aldehydes, PAHs, he-
terocyclic amines, aromatic amines, and alkanoic acids
[2, 7]. These indoor aerosols also contains fatty acids,
short-chain aldehydes, higher aldehydes, and fine and
ultrafine particles (UFP) and pose risks for cooks in
commercial kitchens [2]. PM can be classified according
to its aerodynamic diameter into size fractions such as
PM;, (“thoracic” particles, < 10 pum), PM,5_1o (“coarse”
particles, 2.5 to 10 pm), PM, 5 (“fine” particles, < 2.5 pm)
and UFP (<0.1 pm) [8]. The particles with very small size
and high surface-area-to-mass ratio carry several toxicants
and are deposited into human lung alveoli, where they
activate multiple pathophysiological processes [9] as well
as inflammation and oxidative stress [10]. Both acute and
chronic exposure to fine and ultrafine particle have been
associated with heart failure [11], cerebrovascular disease
[12], hypertension [13] and lung function abnormalities of
the obstructive and restrictive types [14, 15]. In vitro and
in vivo studies have demonstrated that UFP can pass
directly into the circulation and induce inflammation [16].
Inflammatory markers induced by PM in the lung can
reach the systemic circulation and cause indirect endo-
thelial vascular damage [17]. Endothelial dysfunction,
transvascular blood albumin leakage and chronic inflam-
mation due to PM exposure can be considered possible
causes of cardiovascular problems [18, 19]. Microalbu-
minuria (MAU) occurs due to leakage of blood albumin
from kidneys [20]. The urinary albumin-to-creatinine
ratio (ACR) is considered the gold standard’ for the
determination of MAU [21, 22]. Thus, MAU is consid-
ered an independent primary surrogate marker of kidney
disease in patients with hypertension and a strong risk
predictor of cardiovascular problems [23, 24] including
atherosclerosis [25]. Previously, MAU was considered a
causative factor for nephropathy in patients with dia-
betes [26], but several subsequent studies have reported
that MAU is a major cause of mortality even in individ-
uals without diabetes [27, 28]. In a Korean population,
the relationship between MAU and poor lung function
was reported as an early surrogate marker of kidney

Page 2 of 13

damage and cardiovascular problems [20]. An inverse
relationship between lung function abnormalities of the
obstructive and restrictive types and ACR after adjusting
for age, obesity and smoking was also reported in a
study in the general population in Korea [20].

Exposure to PM from environmental sources and its
relation with morbidity and mortality due to cardiorespi-
ratory problems are well known. MAU caused by envir-
onmental exposure to PM is not well understood, except
for a report on the incidence of MAU among local resi-
dents after the 9/11 World Trade Center attacks in the
United States due to PM exposure [29]. Occupational
exposure to PM and its association with MAU were not
addressed in any other previous studies. The present
cross-sectional study is an attempt to explore the associ-
ation of lung function abnormalities and blood pressure
variations in kitchen workers with MAU exposed to PM
and other kitchen indoor air toxicants at two regional
locations in India. The study will help policy holders
implement measures to minimize indoor air pollution in
commercial kitchens.

Methods
Study design and subjects
A cross-sectional study was conducted among male
kitchen workers in north India (Lucknow) and south
India (Coimbatore). The inclusion criteria for the Kkit-
chen workers were age 18-60 years, job experience for
at least the past three years, and absence of any commu-
nicable diseases during the study period. Furthermore,
kitchen workers who were smokers or who consumed
alcohol, caffeine, vitamin supplements or medicines such
as psychotropic drugs, antihypertensive drugs and anti-
histamines were excluded from the study as those sub-
stances interfere with the parameters monitored during
the study. The inclusion criteria for the control subjects
were age 18-60 years, employment in a non-kitchen
area for at least the past three years in the north or
south of India (housekeeping and office staff), similar
socio-economic status to kitchen workers and absence
of any communicable diseases during the study period.
The exclusion criteria used in the case of kitchen
workers were also applicable for control subjects. Both
kitchen workers and control group subjects worked from
09.00 to 16.00 h, with a minimum of seven hours a day.
In total, 564 workers who satisfied the inclusion criteria
were examined in the study. Of these, 145 were non-
kitchen workers (controls); 233 kitchen workers from north
India and 186 kitchen workers from south India were
pooled for the analysis. Those workers who were absent
from duty on the dates of the survey were also excluded.

A questionnaire was prepared by the authors and
amended based on the workers’ reactions to the ques-
tions following a pretest in the field. Personal details,
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health and occupational history of each of the subjects
were recorded in the pretested questionnaire.

Ethics, consent and permission

Ethical clearance for the study was obtained from the
Institutional Human Ethics Committee, CSIR-Indian
Institute of Toxicology Research, Govt. of India, Lucknow.
Only participants who gave voluntary written informed
consent to participate in the study were included in
the survey.

Clinical physiological measurements

Postprandial blood glucose testing was conducted 2 h
after the workers’ routine breakfast (carbohydrate diet).
The pad of their finger was wiped with alcohol, allowed
to dry and then punctured with a sterile lancet (Roche
Diagnostics, Germany), and blood was drawn onto the
test strip, preloaded in the glucometer. The glucometer
(Accu-Chek Active, Roche Diagnostics, Germany) re-
ports blood glucose measurement in mg/dL within 15—
30 s. If the blood sample was inadequate, the test was
repeated using a new strip. The recommended guideline
on self-monitoring of blood glucose as per International
Diabetes Federation (IDF) was followed in the study.
The normal postprandial glucose level was considered to
be <140 mg/dL as per the IDF. Systolic blood pressure
(SBP), diastolic blood pressure (DBP) and pulse were
measured by standard methods using a sphygmoman-
ometer with the patient in a sitting position. Normal
blood pressure was defined as SBP below 120 mmHg
and DBP below 80 mmHg [20]. Body mass index (BMI)
was calculated using the standard method.

Lung function test

Peak expiratory flow rate (PEFR), forced vital capacity
(FVC), forced expiratory volume in one second (FEV)
and forced expiratory volume in six seconds (FEVy) were
measured for the study subjects using a spirometer
(PIKO-1 and PIKO-6, Ferraris Cardiorespiratory, Louisville,
USA) following the specifications of the American Thoracic
Society (ATS). The highest values of PEFR, FEV; and
FEV; of three tests on each subject were recorded. The
procedure followed for the test followed the recom-
mendations of the ATS [30]. The obstructive airflow
pattern was defined as FEV;/FEVg ratio<0.7 [20].
Restriction was classified using the GOLD criteria of
FVC < 80% [31]. Predicted values for FVC or FEV,, FEV;
and PEFR were calculated using Indian norms [32].

Urine analysis for microalbuminuria (MAU)

Each individual subject submitted a fresh, random, mid-
stream urine sample for the analysis, which was
collected in a sterile container early in the morning and
stored at -80 °C for further analysis. Dipstick-based
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urinalysis was conducted using Clinitek Microalbumin 2
strips (Siemens Healthcare Diagnostics ltd, Frimley, UK)
for urine albumin and creatinine determination, from
which urinary ACR was estimated for MAU with a U-
Check Analytics sensor (Biosense Technologies Pvt. Ltd,
Mumbai, India). MAU is defined as urinary ACR (30—
300 mg/24 h) [33]. The subjects were characterized
based on ACR ratio (30-300 mg/g) into two groups, viz.,
MAU and non-MAU.

Air quality studies- Sampling site and hygiene practices
Indoor air quality in kitchen air can be influenced by
different cooking methods, the fuels used for cooking
and ventilation conditions. To understand indoor air
pollutants generated in cooking practices, a survey of
indoor air quality monitoring was conducted in each
kitchen in the peak hours of food preparation (9.00-
16.00 h) in both locations. The kitchens studied in
northern and southern India prepared food for more
than 3000 people daily for breakfast, lunch, evening
snacks and dinner. Both kitchens were using liquefied
petroleum gas (LPG) as fuel for the gas stoves with
efficient range hoods. The range-hood chimneys used in
the kitchen were of “low sidewall” type. Each kitchen
was 1500-2000 square feet in area and had 2-3 hood
ventilators, 4—6 exhaust fans and fresh air blowers.
During air sampling in the kitchens, it was ensured that
the doors of the restaurants and windows of the kitchens
were kept closed in order to create a pure indoor envir-
onment and exclude pollution from outside. The ventila-
tion hoods to expel the cooking fumes were kept open
during indoor air monitoring. The kitchen floor was
regularly cleaned with germicidal solutions. The workta-
bles of the kitchen were cleaned after each dish prepar-
ation. The kitchen workers wore aprons and head
coverings while in the kitchen. They also washed their
hands with antiseptic soap solution before and after each
cooking activity. Dishes were cleaned in a separate room
away from the kitchen premises. Irrespective of their
locations in north and south India, the oils used were
refined vegetable oils for vegetarian and non-vegetarian
dishes. The indoor air quality parameters recorded in
different kitchens at both locations were pooled for
the analysis.

Indoor air monitoring of pollutants

In most studies, the air samplers were placed on the exit
of the exhaust duct at the roof of the restaurants or
hotels, which disperse the air pollutants from the
kitchen to the ambient air. Possibly for that reason, such
studies failed to correlate their indoor air observations
with the respiratory health of the workers. In the present
study, the air samplers were located 0.5 m from the
cooking pan and 1.5 m above the ground to simulate the
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breathing zone [34]. Indoor air monitoring in the breath-
ing zone of the kitchen worker, as in the present study, is
the appropriate monitoring strategy for health risk assess-
ment among kitchen workers. Sampling was performed at
a single site in the kitchen where workers were engaged in
cooking. The refined oils, a major ingredient, used for
cooking in the two kitchens were similar. In north Indian
cooking, wheat flour is the base ingredient, while in south
India, it is rice. Frying is done regularly in both the
kitchens, in the north and in the south, for snacks and
breakfast items. Meat preparations are either fried or
prepared with gravy at both the locations.

The particulate matter concentrations (PM; and
PM,5) in indoor air of kitchens were monitored using
portable particulate matter measuring equipment (HAZ-
DUST, Model EPAM-5000, Environmental Devices Cor-
poration, New Hampshire, USA). Particulate matter was
also collected on a glass microfiber filter in the sampling
head connected with a silicon tube using a Millipore
pump (General Electric, Fort Wayne, Indiana) with a
flow rate of 1.5 L/min. The sampling devices were pro-
tected against light during and after sampling by wrap-
ping in aluminum foil. The PM samples (on the filter
paper) were used for particle size characterization and
elemental composition using scanning electron micro-
scope and energy-dispersive X-ray (SEM-EDX) analysis.
CO and CO, in the kitchen were monitored using in-
door air quality monitors (IQM 60, Aeroqual, New
Zealand). The concentration of total volatile organic
compounds (TVOC) in the kitchen was monitored using
a portable handheld VOC monitor (MiniRAE 3000, RAE
Systems, USA). Using the same sampling devices, con-
trol air samples were also collected from non-kitchen
space (non-tobacco smoke zones) to determine indoor
air pollutants present in the breathing zone of the
control subjects.

Scanning electron microscope and energy-dispersive
X-ray (SEM-EDX) analysis of kitchen indoor air samples
Particulate matter was examined for the shape, size,
surface morphology and elemental composition of in-
dividual particles by high-resolution SEM (Quanta
FEG450, FEI, Netherland). From the PM sample (dry
filter paper), 1 mm?® from the center of each filter paper
was taken for SEM analysis. The particulate matter sam-
ples were placed on double-stick conducting carbon tape
over an aluminum stub and coated with gold under an
argon atmosphere by means of a sputter coater (SC7620,
Mini sputter coater, Quorum Technology Ltd., U.K.).
The fine coating of gold, applied using vacuum coating
unit, makes the aerosol sample more conductive. The
shape, size, and surface morphology of particulate matter
was analyzed by a secondary electron detector at an ac-
celeration voltage of 5.0-10.0 kV at a working distance of
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9-10 mm. Images of each sample were taken thrice at
different magnification ranging from x5000 to x80000.
The elemental composition of the PM was determined
by an EDX detector (APOLLO XL, USA) attached to the
SEM. The EDX spectra of individual kitchen indoor air
filter paper samples were recorded after they were
scanned with an electron beam with a scan speed of
300 ns/pixel at an acceleration voltage of 20 kV. The
EDX system has a detection limit of >1% and an energy
resolution of 130 eV. The elements present were mea-
sured both qualitatively and quantitatively. The EDX
spectra of a blank filter were also obtained, and its elem-
ental composition was manually subtracted during the
evaluation of EDX spectra of kitchen indoor air samples.

Fourier transform infrared spectroscopy analysis of
indoor air kitchen samples

Aerosols collected on glass microfiber filters were ana-
lyzed for spectra by FTIR spectroscopy. All filter paper
samples were equilibrated and weighed as per the EPA
protocol [35] before and after the sampling procedure. A
total of 9 samples, including blanks, were analyzed using
an FTIR spectrometer (Perkin Elmer 881 model, wave-
number range 450-4000 cm™', 40 scans/sample and
1 cm cell path length). The trapped indoor air toxicants
were extracted from the filters with 5 ml of a 1:1v/v
mixture of dichloromethane (Spectrochem) and absolute
ethanol (Merck) and later filtered through a sintered
funnel. The filtrate was evaporated under a vacuum until
pale yellow sticky oil (trace in quantity) was formed. The
analysis of the filtrate was directly determined and
recorded using the FTIR spectrometer.

Statistical analysis

Data from kitchen workers were grouped into workers
with microalbuminuria (MAU) and those without mi-
croalbuminuria (non-MAU) for comparative analysis.
Descriptive statistics (mean, standard deviations and
range) were calculated for all quantitative variables. All
the categorical variables are presented as frequencies
and their percentages. Extreme outliers in the environ-
mental and health data were identified using box plots.
These extreme values were then excluded from the
statistical analysis, since their presence can lead to in-
flated error rates and distortion of estimates with either
parametric or nonparametric tests. The significance for
categorical variables was assessed using a chi-squared
test. One-way ANOVA was used to compare the mean
values among the quantitative variables, followed by a
Bonferroni post hoc test to compare the mean values
among the various groups. The concentrations of the
indoor air pollutants among the three locations were
compared using appropriate statistical tests, viz., one-
way ANOVA in the case of normally distributed data
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and the Kruskal-Wallis test for non-parametric data.
The odds ratio and 95% confidence interval (CI) were
calculated using multiple logistic regression models for
microalbuminuria with respect to pulmonary function in
MAU subjects after adjustment for confounders. Univar-
iate logistic regression analysis was carried out to iden-
tify the potential confounders, which were then adjusted
in the multivariate analysis. The criterion of significance
was set at p<0.05. All calculations were performed
using STATA software (version IC 13, Stata Corp LP,
TX, USA).

Results

The physical characteristics, personal habits and physio-
logical profiles of the study subjects are given in Table 1.
There was no significant difference in height, weight,
body mass index, smoking history, or alcohol intake
between the comparison groups. However, a statisti-
cally significant difference was observed in the mean
ages between some groups: non-MAU vs. MAU
groups of kitchen workers, and kitchen workers vs.
control groups. Therefore, necessary statistical correc-
tions were undertaken to nullify the confounding
effect of age on the physiological profiles. High SBP
was observed among the kitchen workers with MAU
from the north and south region compared to that of
their corresponding controls with MAU. No dif-
ference in DBP, pulse or postprandial random glucose
level was observed among the comparison groups
with or without MAU (Table 1).
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The details of lung function among kitchen workers
with respect to MAU are given in Table 2. FEV,, FEV,
PEFR and predicted FEV¢% among kitchen workers with
MAU in south India were lower in terms of volumes
and flow rates than those of their respective control
groups. Obstructive lung function abnormalities were
more prevalent (p <0.01) among the workers in south
India than among their counterparts in north India. The
odds ratios also indicate higher risk among the south
Indian kitchen workers than the respective controls and
the comparable group in north India (Table 3). Although
there was a statistically significant difference in SBP
among kitchen workers, no association was observed be-
tween SBP and MAU.

The indoor air quality of kitchens at both locations
(south and north India) was given in Table 4. The in-
door air quality report clearly indicates higher levels
of PM;, PM,5;, TVOC and CO in kitchens of both
locations than in the control locations (non-kitchen
areas). The levels of indoor air pollutants are higher
in the kitchens located in south India than the
kitchens in north India, except in the case of TVOC
and CO,.

Fig. 1 shows the different shapes and sizes of indoor
air particles in kitchens in north and south India. In
SEM analysis of indoor air kitchen samples, varied sizes
and shapes of particles [coarse PM (10-2.5 pm), fine
PM (>100 nm) and UFP (<100 nm)] were detected. In
north Indian kitchens, large numbers of UFP aggre-
gated together in clusters with branches and porous

Table 1 Demographic Characteristics, personal habits, physiological profiles of study subject

Parameters Control Kitchen workers (North India) Kitchen workers (South India)
Non MAU MAU Non MAU MAU Non MAU MAU
(n=107) (n=38) (n=101) (n=132) (n=108) (n=78)
Age, Mean £ SD (Range) 31.51+950 370+ 1230 27.82+7.62 29.65 + 9.45%** 27.94+10.58 30.78 £ 11.38**
(18 - 60) (19 - 60) (19-151) (18 - 58) (18 — 60) (18 — 60)
Height (cm) Mean + SD (Range) 166.34 £ 6.97 16524 +7.23 167821724 166.14 £ 6.83 164.52 £ 6.02 167.06 +7.23
(149 - 180) (150 - 180) (150 - 187) (153 - 188) (150 — 180) (150.5 — 185)
Weight (Kg) Mean + SD (Range) 64.83+1272 63.09 + 16.96 63.16 £ 12.66 63.68+11.08 6148+ 1196 63.88+14.15
(424 - 109.5) (408 - 119) (43 - 984) (44 - 104) (424 - 103) (34.4 — 100)
Body Mass Index (Kg/m?) 2333+398 2295+5.12 22.36+393 23.06+345 2265+432 2283 +486
Mean + SD (Range) (164 - 34.6) (16 - 37.6) (156 — 35.5) (158 = 34.1) (109 - 36.9) (114 - 39.8)
Smoking history n (%) 15 (14.02) 6 (15.78) 18 (17.82) 32 (24.24) 24 (22.86) 10 (12.82)
Alcohol consumption n (%) 24 (2243) 14 (36.84) 17 (16.83) 18 (13.64) 57 (52.78) 37 (47.44)
Systolic Blood Pressure 1233541224 120.64 +10.81 12343+13.71 12561 +1249* 124.92 £ 1496 12569 + 14.42*
(mmHg) Mean + SD (Range) (100 — 154) (100 - 150) (100 - 160) (90 - 156) (100 - 220) (100 — 160)
Diastolic Blood Pressure 81.87+10.85 81.18+8.72 83.01+10.35 84.88 +1045* 8146+ 10.79 83.95+10.96
(mmHg) Mean £+ SD (Range) (60 — 100) (66 — 98) 60-112) (60 — 120) (60 — 120) (60 - 116)
Pulse (beats/min) 82.78 +10.85 84.03+13.67 85.07 + 1147 85.17+13.88 82.95+12.68 8240+ 1545
Mean £ SD (Range) (56 - 116) (60 - 114) (58 - 108) (53 - 136) (58 -111) (38 - 136)
Blood glucose (mg/dL) 12033 £ 60.57 12233 +59.12 114.83 £ 2249 120.35 +45.96 117.78 £ 3552 13491 + 80.94
Mean + SD (Range) (70 - 553) (68 - 370) (82 -197) (68 - 536) (74 - 357) (67 = 490)

All comparisons have been done among the MAU subjects in the three groups. * p < 0.05, ** p < 0.01, *** p < 0.001
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Table 2 Alteration in Pulmonary function values with respect to microalbuminuria (MAU)

Parameters Control Kitchen workers (North India) Kitchen workers (South India)
Non MAU MAU Non MAU MAU Non MAU MAU
(n=107) (n=138) (n=101) (n=132) (n=108) (h=78)

FEV; (L/s) Mean £ SD (Range) 2251056 2.01+0.63 195+0.57 1.74 +0.56* 1.60+049 1.30 + 0.49***
(1.03 - 3.35) (067 - 3.51) (091 - 358) (0.88 — 2.98) (049 - 2.65) (0.28 - 2.69)

FEV, (L/s) Mean + SD (Range) 249+ 061 2324066 224 +0.56 206+051* 198+ 053 1.78 £0.63*
(1.26 - 3.78) (0.82 - 4.38) (0.96 - 3.65) (0.88 - 3.19) (0.72 - 3.76) (036 - 3.6)

PEFR (L/min) Mean + SD (Range) 435,06 +£99.97 32831+9783 41527 +111.04 38271+13566% 303.18+90.39 296.68 + 102.29%**
(162 — 702) (142 - 650) (151 = 657) (144 - 658) (108 - 572) (71 - 564)

% predicted FEV,% Mean £ SD (Range) 7694+ 17.28 7041+19.74 68.95+19.51 63.03 +18.20* 5740+ 18.06 4560 4+ 17.19***
(35.86 — 114.73) (2958 - 127.63) (3067 — 13438) (2998 — 109.76)  (14.02 - 106.20) (14.34 — 104.49)

% predicted FEVg% Mean £+ SD (Range) 68.86 + 15.67 6428 +17.48 62.24+ 1691 5756+ 14.01* 5723+ 1551 5040+ 17.04*
(3341 -11246) (2463 -11798) (3022 - 12861) (29.71 = 95.17) (21.78 = 103.30) (1418 - 116.88)

Obstruction (FEV;/FEVg) n (%) 15 (14.02) 5(13.16) 4 (3.96) 13 (9.85) 26 (24.07) 30 (3846)**

Restriction n (%) 77 (71.96) 29 (76.32) 47 (46.53) 81 (61.36) 86 (79.63) 68 (87.18)

All comparisons have been done among the MAU subjects in the three groups. * p < 0.05, ** p <0.01, *** p < 0.001

shapes were observed (Fig. 1a). PM of 218.7 nm with a
hard, irregular shape and a rough surface structure was
also observed in kitchens (Fig. 1b). PM (1 um size) par-
ticles with flaky outgrowths and irregular stacked struc-
tures were observed in the kitchens of south India
(Fig. 1c). Similarly, coarse particles (5 um size) with ag-
gregated branches and tubules with a scaly appearance
were also observed in the kitchens in south India
(Fig. 1d). SEM-EDX analysis of indoor air filter paper
samples revealed the presence of the elements Na, C,
O, Al, Si, Mg, Ca, Ba, Zn, S, Fe, Zr, Se, Fe and S in the
kitchens in both north and south India (Fig. 2). Higher
concentrations of Na, Al, C, Zn, Si, Ca, Be, S, Mg, O,
Fe and S were observed in both the kitchens (Fig. 2).
The selenium concentration was exceptionally high in
north Indian kitchens (Fig. 2).

FTIR analysis showed the different compounds de-
tected in the indoor air at both the kitchens (Table 5,
Fig. 3). Identification of molecular structures from
FTIR spectroscopy was acheived based on the ab-
sorption bands attributable to the functional groups
in the respective molecules. The peaks and shoulders
of the FTIR spectrum are attributed to specific func-
tional groups on particular classes of compounds.
FTIR analysis showed alkanes, alkenes, alkynes, aro-
matic hydrocarbons, amines, amides, alcohols, phe-
nols, and carboxylic acids in kitchen indoor air at
both locations (Table 5).

Discussion

There is a lack of evidence on the relation among MAU,
poor lung function and microvascular dysfunctions
among kitchen workers in India exposed to indoor air
pollutants. A major rise in nephropathy-related disorders
in India can be attributed to high levels of environmen-
tal pollution [36, 37]. To the best of our knowledge, the
present study is the first to investigate the poor lung
function and its inverse relationship with MAU in kit-
chen workers after adjusting for confounding factors.
The present study will serve as a pilot study for future
research on this problem. Although more validation
studies are required, the present study shows that albu-
min excretion in kitchen workers can be considered a
subclinical indicator for indoor air pollution in the work-
place. The cocktail of indoor air pollutants (PM, 5, PM;,
UFP, TVOC, CO), elements detected in EDX and com-
pounds detected using FTIR are apparently associated
with lung function abnormalities (restrictive and ob-
structive), increased blood pressure and MAU in kitchen
workers at both locations. Cooking oil fumes can be a
source of indoor air pollutants in the kitchen, and cook-
ing fuel has been associated with negative impacts on
human health, including adverse respiratory, cardiovas-
cular, and cardiopulmonary health outcomes [38]. Posi-
tive associations have been observed between PMjy_s 5
and a variety of health problems including cardiovascu-
lar diseases [39], mortality [40], respiratory diseases [41]

Table 3 Odds ratio (95% Cl) for microalbuminuria with respect to pulmonary function in MAU subjects

Control
OR (95% Cl)

Pulmonary function pattern

Kitchen workers (North India)
OR (95% Cl)

Kitchen workers (South India)
OR (95% Cl)

Obstruction (FEV4/FEVe) 0.91 (0.39 - 2.08)

Restriction 139 (0.79 - 248)

146 (0.58 - 3.66)
1.57 (1.06 - 2.32)

1.59 (0.98 - 2.57)
1.63 (1.11 = 2.40)

Models adjusted for age, blood pressure (normal/hypertensive), obesity (using body mass index), smoking history, heavy alcohol drinking
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Table 4 Indoor air pollutants in kitchen
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North Indian Kitchen South Indian Kitchen

Parameter Control location (Non kitchen areas)
PM,s (ug/m®) Mean (Range) 3467 (14 - 57)

PM; (ug/m?) Mean (Range) 26.75 (10 — 48)

TVOC (ppb) Mean (Range) 319.27 (209 — 534)

CO (ppm) Mean (Range) 062 (06 -0.7)

CO, (ppm) Mean (Range) 621.3 (611 - 627)

68.18 (1-293) ***

5946 (1-187) ***
961.81 (772 — 3124) ***
6.54 (0.1 — 35.3) ***
94166 (579 - 1582) **

7855 (10 — 429) ***
61.52 (8 — 409) ***
399.39 (224 - 525)
1139 (0.1 = 19.5) ***
661.06 (432 - 1087)

** p<0.01, *** p<0.001

and chronic obstructive pulmonary disease (COPD) [42].
Clinical interpretation revealed that FEV; reduction can
be associated with increased resistance in the airways.
The restrictive pattern based on FEVy4 can be due to de-
creased vital capacity in the lung. The decline in PEFR
can be linked to the reduced air flow rate in the bron-
chial airways. The increase in airway resistance can be
associated with deposition of fine PM, UFP and organic
compounds generated in the kitchen during cooking and
combustion activities. Clinically “small” effects of air
pollution on lung functions have a large public health
impact as per the Swiss Study on Air Pollution and Lung
Disease in Adults (SAPALDIA) [43]. Hence, these small
effects observed in the present study related to the lung
functions due to indoor air pollutant exposure in kitchen
can have a large impact on occupational health, morbid-
ity, loss of workdays, and future health management
costs. Reduced lung function (FVC and FEV;) and its
relationship with MAU in the general population were
reported in earlier studies [20, 44, 45]. In the present

study, a similar inverse relationship between lung func-
tion and MAU was observed in the kitchen workers.

The restrictive and obstructive types of lung function
impairment based on FEVy, FEV; and PEFR were
strongly related to MAU in kitchen workers. MAU is
considered an early indicator of kidney damage and
atherosclerosis [20]. Although the pathological mechan-
ism underlying the relationship between lung function
abnormalities and blood pressure variations was not
clear, previous reports have shown that lower FVC is
linked to atherogenic diseases [15, 46]. Many epidemio-
logical studies provide evidence of causal association
between exposure to PM (coarse, fine and ultrafine
particles) and cardiorespiratory problems [47]. Cooking
can produce more than 10 times as much UFP as is pro-
duced during non-cooking periods [48]. The maximum
concentration of UFP was found to be approximately 6 x
10° particles per cm® at 260 °C [49]. Smaller particles
can cause more inflammation to the lungs than larger
particles of a similar elemental composition [50].
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Fig. 1 Scanning electron micrograph (SEM) of different shape and size of particulate matter in kitchen indoor air. Scanning electron micrograph
of different location kitchen indoor air sample: (1) North Indian Kitchen (a,b) (2) South Indian Kitchen (c,d)
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In addition to technical factors related to equipment
and procedures, biological and environmental factors are
other sources of variation in lung functions. These
include race, ethnicity, sex, environmental influences,
nutrition, childhood infections, and other undefined fac-
tors [51]. Since the kitchen workers are male and have
similar anthropometric parameters, ethnic differences in
lung functions may be another reason for higher lung
function in north Indian workers. The higher lung func-
tion in the north Indian population than in their south
Indian counterparts was evidenced in earlier studies
[51, 52]. Lung function impairments such as obstruc-
tion and restriction also show higher risk among
south Indian kitchen workers than that among their north
Indian counterparts. This risk difference can also be

Table 5 Fourier transforms infrared spectroscopy analysis of kitchen

attributed to the ethnic difference of lung functions, apart
from their exposure to indoor air pollutants.

In the present study, SEM-EDX analysis provides use-
ful information on the morphology and elemental com-
position of indoor air pollutants. SEM-EDX analysis
provides insights into the origin of particles such as
whether they are emitted from anthropogenic or natural
processes [53]. Kitchen indoor air contains fine particles
and UFP [49, 54]. The particles contain a diverse range
of elements, which may have adverse effects on airflow
rates and lung volumes along with kidney dysfunctions
such as microalbuminuria. Transition metals in PM
were considered causative factors for several adverse
health effects [55]. Iron particles generated during
combustion processes [56] that are more soluble and

indoor air samples

Functional class Functional group Normal range cm™)

North Indian Kitchen
(Spectra detected cm™)

South Indian Kitchen
(Spectra detected cm ™)

Alkane C-H strech 2950-2850
Alkene C-H strech 3100-3010

C=C Strech 1680-1620
Alkyne C=C Strech 2260-2100
Aromatic C=Cstrech 1400-1600
Alcohol/Phenal C-O strech 1150-1050

O-H strech 3550-3200
Carboxylic Acid O-H strech 3000-2500
Amine C-N strech 1080-1360
Amide C=0 strech 1690-1630

2925.58,293041 2925.99,2950,2930.36

3020.05 3019.08,3021.27

ND 1634.08

ND 2126.09,

1543.71, 1584.35 ND

1068.65,1065.29,1068.25 1068.16,1080.18,1111.17
3399.78,3402.43,3399.79 3399.88,3417.45,3393.67,3400.75,3397.31
ND 2520.54,2839.84

1215.3,1154.96,1266.83 1154.88,1215.71,1216.02,1218.74
1638.74 1638.84,1634.08,1644.48,1644.08




Singh et al. Environmental Health (2017) 16:33

Page 9 of 13

sample :(1) North Indian kitchen (a,b) (2) South Indian Kitchen (c,d)

Fig. 3 Fourier transforms infrared spectroscopy analysis of kitchen indoor air samples. FTIR spectra of different location kitchen indoor air

%T

w000 /00 000 %0 2000 1500 1000 150

%T
2

4000 3500 3000 2500 2000 1500 1000 450

bio-available than iron in mineral form can have
higher health implications [57].

Carbon and oxygen in the particles can be generated
from burning organic or inorganic oxides, acids and/or
salts present in food or oil [58]. Ca, K, Fe, Si and Al can
be generated from indoor or outdoor air during burning
of crustal material and combustion of fossil and biomass
fuels. The sources of these elements in kitchen can be
cooking gas (LPG), utensils or minerals present in food.
The human body requires a small amount of essential
elements or trace elements for cell function at the
biological, chemical and molecular levels [59], and vege-
tables and other foods are sources of these elements.
Therefore, these elements in kitchen indoor air probably
come from food sources or cross-boundary movement
of particles from the ambient air. Since the oils used in
these mega-kitchens are refined vegetable oils, the type
of food fried and cooked, cooking fuel leakage and limi-
tations in ventilation in the kitchens may be the reasons
for the high TVOC and CO, in the kitchens in north
India compared to those in south India.

Fine particle and UFP deposition within the airways
during inhalation is capable of increasing airway resist-
ance, causing lung function deficits, autonomic nervous
system imbalance and sometimes increases in blood
pressure, as reported in an earlier study [60]. Certain
particle constituents (e.g., metals, organic compounds)
might also be capable of reaching the systemic circula-
tion upon inhalation and thereafter directly impair
microvascular function, leading to MAU [60]. The risk

of cardiovascular morbidity and mortality increases
with the severity of obstructive and restrictive lung
function patterns [31]. Similar patterns of obstructive
and restrictive lung function cases were observed in the
kitchen workers.

Fat aerosols contain a mixture of heat- and water-
treated fat from fried meat, hydrolyzed vegetable fat and
other degradation products such as fatty acids, other
organic acids and aldehydes [61, 62]. Incomplete com-
bustion of organic materials produces a complex mix-
ture of chemicals, many of which are known to be
irritants, toxic or carcinogenic to humans [62]. FTIR
spectral analysis of kitchen indoor air showed different
types of functional groups that may be possible causative
agents for reduced lung function and enhanced risk of
microalbuminuria among kitchen workers. Cooking can
generate appreciable masses of aerosols within the area
where cooking occurs. Earlier studies have also shown
these particle to be largely within the respirable size
ranges, containing organic chemical groups such as
alkanes, fatty acids, and alkanones [63].

The organic and inorganic compounds associated with
particle fractions (PM,5, PM;) in kitchen air might accu-
mulate in the tracheobronchial epithelium, where they
could increase in concentration even at low environmen-
tal exposure. The gas phase compounds or those that
rapidly elute from particles in the kitchen upon inhalation
may reach the alveolar epithelium and rapidly enter the
circulatory system in kitchen workers. A linear trend
between level of exposure to PM and measures of poor
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kidney function (albumin-to-creatinine ratio — ACR) was
also observed among residents living adjacent to the Twin
Towers in the USA [29]. This report [29] supports our
observation of higher PM concentration in indoor air and
its etiological association with poor ACR.

The possible association between MAU and cardiovas-
cular disease can consist of either MAU causing cardio-
vascular disease or cardiovascular disease causing MAU.
Both conditions could also be simultaneously caused by
a common risk factor or pathophysiologic process [64].
MAU is a primary independent surrogate marker of
kidney damage and cardiovascular problems [65, 66].
Higher levels of albumin in the urine result from physio-
logical alterations such as blood pressure variations in
the glomerulus and changes in the glomerular capillary
basement membrane, possibly due to glycosylation of
proteins in the membrane [67]. An increased level of
albuminuria is an indicator of blood albumin leakage
due to systemic inflammation and endothelial dysfunc-
tion [68]. Poor lung function can be associated with
vascular damage and endothelial dysfunction through
systemic inflammation [69, 70]. Although the patho-
logical mechanism is not clearly understood, deposition
of inhaled PM can alter upper and lower airway status
and causes systemic inflammation and endothelial dam-
age [71, 72] that leads to blood albumin leakage from
tubular endothelial damage [73].

The mechanism by which long term-exposure to fine
particulate air pollution may increase the risk of
kidney dysfunction or membranous nephropathy re-
mains to be explained [36]. Membranous nephropathy
is considered an autoimmune disease characterized by
the formation of circulating autoantibodies and subepithe-
lial immune complex deposits in the kidney [36, 74]. In
vivo studies have observed that exposure to fine PM
promotes the production of autoantibodies and immune
complexes [75, 76]. It has been hypothesized that cyto-
kines generated in the airways in response to air pollu-
tion can spill over into the circulation, which further
influences the autoimmune responses [77]. Air pollu-
tion also increases the circulating levels of inflamma-
tion mediators such as TNF-a, IL-6, and plasminogen
activator inhibitor [78, 79].

MAU may be a causative factor for nephropathy in
patients with diabetes [26]. Some studies reported that
MAU is the most common cause of mortality in hyper-
tensive subjects with or without type 2 diabetes mellitus
(DM) [28] and in non-hypertensive subjects [80]. A
Korean population study revealed a strong relationship
between poor lung function and MAU or UACR after
adjusting for confounding factors such as age, hyperten-
sion or SBP, diabetes mellitus, triglyceride level, obesity
and smoking [20]. Although we adjusted our data for
confounding factors, the role of indoor air pollutants in
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such association is still not clear. This is mainly because
of the synergistic interaction of multiple kitchen indoor
air pollutants including different fractions of PM on the
physiological mechanisms of the respiratory and ex-
cretory systems. More in vivo and in vitro studies based
on inhalation toxicology experiments are required to
substantiate our findings further.

The current study has limitation and strengths. Due to
the cross-sectional study design, the direction of cau-
sality in our study is not very evident. Owing to limita-
tions of time and resources, a follow-up study could not
be undertaken, which can be considered a limitation of
the study. A follow-up study could have given a more
precise measure of the risk associated with poor lung
function and microalbuminuria. No proper database is
available on kitchen workers, as this profession is an
unorganized or informal sector in India. The sufficient
sample size in both the MAU and non-MAU groups and
the inclusion of two regional study locations in India are
the main strengths of the study. Based on the study find-
ings, it is suggested that regulatory authorities in India
should propose new national indoor air quality standards
and policies for commercial kitchens.

Conclusions

In conclusion, this study is the first report on poor lung
function and its association with MAU among kitchen
workers in India exposed to multiple indoor air pollut-
ants. Kitchen workers in south India showed lower lung
capacities and a greater risk of obstructive and restrictive
abnormalities than their north Indian counterparts. This
can be attributed to their ethnicity, apart from their
workplace exposure to indoor air pollutants. The depos-
ition of fine and ultrafine particles and other indoor air
contaminants can not only alter the lung function but
also affect microvascular functions, viz., microalbumi-
nuria through the possible route of systemic circulation.
In the future, more experimental and occupational
health studies should be conducted on this problem to
further validate the findings of the present study.
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