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Abstract

Background: Many workers, particularly those working in manufacture of fertilizers, explo-
sives, rubber, pesticides, textiles, and employees of petrochemical industries are exposed to
ammonia in their workplaces. Toxic responses of hematopoietic system and kidney following
occupational exposure to this chemical have not been thoroughly investigated.

Objective: To determine the relationship between long-term occupational exposure to low
levels of ammonia and hematological parameters and kidney function.

Methods: In this cross-sectional study, 119 randomly selected, male petrochemical workers
and 131 office employees (comparison group) were examined. Urine and blood samples were
taken from all participants for urinalysis, complete blood count (CBC), serum calcium level,
and blood urea nitrogen (BUN) and plasma creatinine. Personal, environmental, and peak am-
monia exposure were also measured.

Results: The median personal, environmental, and peak occupational exposure to ammonia
were 0.23, 0.16, and 65.50 mg/m3, respectively, among the exposed group. No significant
difference was observed between the exposed and unexposed participants in terms of hema-
tological parameters and urinalysis. Conversely, calcium and BUN, while within the normal
range, were significantly higher in the exposed than in the comparison group.

Conclusion: Occupational exposure to low atmospheric concentrations of ammonia was
associated with subtle, sub-clinical, pre-pathologic changes in kidney function. Possible long-
term consequences and ramifications of these effects require further investigation.
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Introduction tons. Major producers were China, India,
Russia, and the USA.? Iran, as the 14™ am-
monia producer in the global market, is
the manufacturer of 2% of the total world
production, dominantly in two petrochem-

ical complexes.3

mmonia is a colorless, water-solu-
ble, irritant gas, with a pungent, suf-
ocating odor.! Global production of
ammonia in 2017 was about 174 million
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Ammonia is widely used in producing
fertilizers (about 80%), explosives, rubber,
pesticides, textile, dye, some household
cleaning products, etc.*? Exposure to am-
monia may take place in different occupa-
tions. Loftus, et al, reported that workers
of an agricultural community might be
exposed to a concentration of 0.2—238.1
pg/m3 of ammonia during their routine
works.* Fedoruk, et al, observed that dur-
ing surface cleaning works, airborne con-
centration of ammonia could reach up to
9.04 mg/m3. Additionally, the peak expo-
sure to ammonia may exceed 86.9 mg/ms3
when a strong cleansing agent containing
3% ammonia is applied.5 Khan, et al,® es-
timated the maximum daily ground-level
concentration of ammonia in a petrochem-
ical industry at 67 pg/ms3. In a urea fertil-
izer factory, Rahman, et al,” measured a
mean exposure level of 18.77 mg/m3 for
ammonia, exceeding the threshold limit
value (TLV) of 17.38 mg/m3 for this com-
pound set by the American Conference of
Governmental Industrial Hygienists (AC-
GIH).3

Epidemiological and experimental
studies suggest a range of adverse effects
reported following exposure to ammonia,
mostly those related to respiratory and
dermal problems, but rarely on hemato-
toxic and nephrotoxic potentials of ammo-
nia.** Neghab, et al, suggest that low-level
occupational ammonia exposure is associ-
ated with chronic irreversible and acute
reversible decrements in lungs' functional
capacity.® In another study, signs of neu-
trophilic airway inflammation and elevat-
ed C reactive protein levels were observed
among hairdressers who had occupational
exposure to high concentrations (3-61
mg/m3) of ammonia.®* Inflammatory re-
actions, as well as cell apoptosis and DNA
damage, have also been reported in animal
studies.’* Renal tubular calcification and
renal tubular epithelial cell proliferation,
as a result of exposure to high concentra-
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tions of ammonia, have been reported in
experimental animals.!

To the best of our knowledge, possible
long-term effects of occupational exposure
to low levels of ammonia on hematopoi-
etic system, kidney function, and serum
calcium levels have so far not been inves-
tigated. We therefore conducted this study
to address these issues.

Materials and Methods

Participants

The current cross-sectional study was con-
ducted in the largest ammonia production
center of Iran, a petrochemical complex
located in Assalouyeh, Bushehr, southern
Iran. Using the census sampling method,
119 operational, repair and maintenance
employees with a history of at least one
year recent and ongoing exposure to am-
monia were studied as the exposed group.
A comparison group consisted of 131 of-
fice employees with no history of exposure
to ammonia, was also included. The field
workers and office employees were exclud-
ed if they had any past medical or family
history of kidney or hematologic diseases.
Additionally, they had no history of ex-
posure to other toxic chemicals, were not
drinkers, and did not regularly consume
any drugs such as gentamicin, aspirin, cy-
closporine, cimetidine, or non-steroidal
anti-inflammatory drugs (NSAIDS) such
as indomethacin, ibuprofen, and diclof-
enac sodium, or other nephrotoxic drugs.'

The protocol of the study was approved
by the university Ethics Committee. All
participants signed an informed written
consent form prior to the study.

Personal Data

The general characteristics of the partici-
pants including age (yrs), body mass index
(BMI, kg/m?), work experience (yrs, as a
surrogate for the exposure), education
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level (yrs), number of smokers/non-smok-
ers (%), duration of being a smoker (yrs),
number of cigarettes smoked per day, and
marital status (%) were gathered by a data
collection sheet.

Personal and Environmental Exposure
Assessment

Overall, personal exposure assessment
was carried out by collecting air samples
from breathing zones of 45 workers in the
autumn 2017, where they performed their
routine daily tasks. In the meantime, 34 en-
vironmental samples were collected from
contaminated points, where the exposed
group was spending most of their daily
work time (12 hrs). To assess the exposure
of the comparison group, 10 personal sam-
ples were collected from their workplace.
Ammonia was sampled and analyzed ac-
cording to NIOSH Method 6016.%

Details of sampling procedures have
been described elsewhere.® In brief, the
interfering particles were removed using a
cellulose ester membrane filter (pore size
0.8 um, diameter 37 mm) (SKC Cat. No.
2253-01), placed in a special cassette. An
adsorbent tube containing sulfuric acid-
treated silica gel, (SKC Cat. No. 22610-06)
was located in the circuit for absorption
of ammonia. A personal sampling pump
(SKC AirChek® XR5000) provided an
air flow of 200 mL/min. The entire work
shifts were sampled and at the end, ammo-
nia samples were extracted by deionized
water and analyzed by a chromatograph
(Metrohm Switzerland, model 850).

A direct-reading instrument (Gas Alert
Extreme, GAXT-A2-DL), with a dynamic
range of 0 to 278 mg/ms3, was used to as-
sess peak exposures when there was a leak-
age or a faulty system, resulting in a short-
term high exposure situations among both
operational, repair and maintenance em-
ployees who were responsible for handling
such emergency situations.

The measured concentrations were

compared to the adjusted TLV-TWA value
by Brief and Scala model (reduction factor
of 12 h: 0.5).7 Therefore, the TLV-TWA
and TLV-ceiling (TLV-C) were estimated
at 8.69 and 24.34 mg/m3, respectively.

Blood Sampling and Analysis

Fasting blood samples (10 mL) were col-
lected from the participants by a medical
expert, taken from the antecubital vein
between 7:00 and 9:00 am. Simultane-
ously, urine samples were collected on
site.’® Each sample was transferred in two
containers—a sterile tube containing eth-
ylene-diamine-tetra-acetic acid (EDTA,
as an anticoagulant agent) (5 mL), and a
plain (5 mL) vacutainers to obtain serum
samples for hematological and biochemi-
cal assays, respectively. The containers
were then transferred to the laboratory in
a cold box and processed within two hours
of sample collection. A medical expert im-
mediately centrifuged (400xg for 20 min)
the plain vacutainer samples to separate
serum. Samples were stored at -20 °C until
analysis.*

Hematological Assays

A hematology cell counter (Nihon Kohden,
Tokyo, Japan) was used to determine the
hematological parameters including white
blood cell count (WBC) and differential,
red blood cell (RBC) count, hemoglobin
(Hb) and hematocrit (HCT) levels, mean
corpuscular volume (MCV), mean corpus-
cular hemoglobin (MCH), mean corpus-
cular hemoglobin concentration (MCHC),
and red blood cell distribution width
(RDW).

Biochemical Assays

An autoanalyzer (model BT 1500, Biotec-
nica Instrument Co, Rome, Italy) was used
to determine the serum level of blood urea
nitrogen (BUN), plasma creatinine, and
serum calcium level.

wwuw.theijoem.com Vol 10, Num 2; April, 2019



M. Neghab, A. Mirzaei, et al

Table 1: General characteristics of the exposed (n=119) and unexposed (n=131) groups. Val-

ues are either Mean (SD) or percentage.

Variable Exposed group Unexposed group p value
Age (yrs) 33.4 (5.0) 35.7 (6.4) 0.002
BMI (kg/m?) 25.8 (4.3) 26.3 (3.4) 0.29
Work experience (yrs) 7.9 (4.7) 7.6 (3.8) 0.62
Smoking (%)
Yes 3.4 6.1 0.04
No 96.6 93.9
Length of smoking (yrs) 3.8 (3.0) 17.4 (14.7) 0.06
Number of cigarettes smoked (per day) 3.3(1.3) 6.3 (5.8) 0.20
Education (yrs) 13.3 (2.9) 14.4 (3.1) 0.19
Marital status
Single 19.3 12.2 0.16
Married 80.7 87.8
Urinalysis dows® ver 19. Student's t test for indepen-

Urine samples were analyzed macro-
scopically, using the dipstick colorimetric
method (Convergys® Urine Matrix test
strips, Convergent Technologies, Coelbe,
Germany) to determine qualitative param-
eters including glucose, protein, blood,
nitrite, and urobilinogen.>° Additionally,
the samples were examined by a special-
ist for WBC, RBC, epithelial cells and casts
under a microscope (Carl Zeiss standard
20 450,807 Binocular Transmitted Light
Microscope, Carl Zeiss AG, Germany) at
40x magnification. In the urine sediment,
10 high-power fields (HPF) were counted
and the counts were given as an average
per HPF. A cut-off point of >2 cells per
HPF was considered “abnormal” for the
number of average RBC and WBC in the
urine.?* One specialist on a double-blind
basis carried out all tests, after calibration
of the instruments by standard methods.

Statistical Analysis

Data were analyzed using SPSS® for Win-
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dent samples to compare means between
two groups of normally distributed data.
Pearson ¥? test or Fisher's exact test, where
applicable, was used for comparison of fre-
quency based data between the exposed
and unexposed groups. Multiple linear re-
gression was used to control for confound-
ing variables. A p value <0.05 was consid-
ered statically significant.

Results

No statistically significant difference
was observed between the exposed and
unexposed groups in terms of studied
demographic variables, except for age
(p=0.002) and the prevalence of smokers
(p=0.04) (Table 1). The exposure levels of
the exposed and unexposed groups were
far less than the adjusted TLV-TWA. The
median environmental and peak ammo-
nia exposure levels were 0.16 (IQR 0.02 to
0.48) and 65.50 (35.00 to 110.00) mg/m3,
respectively. The personal exposure level
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Table 2: Mean (SD) hematological parameters in exposed (n=119) and unexposed (n=131)

groups
Parameters Exposed group Unexposed group p value Normal range
WBC (x10%/uL) 6.74 (1.32) 6.95 (1.67) 0.44 4 to 11
Lymphocyte (%) 41.14 (8.53) 40.40 (7.60) 0.58 19 to 48
Monocyte (%) 3.23 (1.37) 3.20 (1.97) 0.92 1to7
Granulocyte (%) 55.60 (8.16) 56.37 (8.00) 0.57 40 to 74

RBC (x10%/uL) 5.01 (0.35) 4.97 (0.47) 0.66 45t04.9

Hb (g/dL) 15.47 (0.81) 15.18 (1.20) 0.07 14 t0 18

HCT (%) 44.69 (2.18) 43.91 (3.24) 0.13 39to0 53

MCV (fL) 88.78 (5.88) 88.51 (6.33) 0.81 80 to 96

MCH (pg) 31.00 (2.22) 30.74 (3.02) 0.60 27 to 34
MCHC (g/dL) 34.62 (0.96) 34.74 (1.63) 0.58 32to0 37

RDW (%) 12.10 (0.33) 12.08 (0.48) 0.85 5.5t0 11.14

was 0.23 (0.14 to 0.45) for the exposed
group; it was not detectable for the un-
exposed group. However, the mean peak
exposure exceeded the adjusted TLV-C.
No statistically significant difference was
observed between the exposed and unex-
posed groups in terms of hematological
parameters (Table 2). Similar results ob-
tained after adjusting for age, BMI, mari-
tal status, smoking, work experience, and
education.

The mean BUN and calcium levels were
significantly (p<0.03) higher in the ex-
posed compared with the unexposed group
(Table 3). Nonetheless, in both groups,
the mean values of all the measured vari-
ables were within the normal range. After

adjusting for important confounders, a
significant positive correlation was found
between exposure to ammonia and BUN
level (Table 4). Urinalysis results in the
two study groups were not significantly
different.

Discussion

The median personal (0.23 mg/m3) and
environmental (0.16 mg/m3) exposure to
ammonia did not exceed the adjusted TLV-
TWA; the median peak exposures (65.50
mg/ms3), however, exceeded the TLV-C. In
general, the atmospheric concentrations of
ammonia recorded in this study were low-
er than those reported in similar studies.

Table 3: Mean (SD) kidney function indicators and serum calcium in exposed (n=119) and

unexposed (n=131) groups

Parameters Exposed group Unexposed group p value Normal range
BUN (mg/dL) 20.1 (4.4) 18.2 (4.9) 0.002 8to 23
Creatinine (mg/dL) 1.1 (0.2) 1.2 (0.2) 0.08 09to 1.6
Calcium (mg/dL) 9.8 (0.5) 9.7 (0.4) 0.03 8.6t0 10.6
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Some researchers reported that about one-
third of the samples collected from the air
of urea fertilizer units contained more than
17.38 mg/m?3 of ammonia.”?? Use of new
machinery, on time repair, proper main-
tenance, leakage control, and institution
of engineering measures such as installing
effective ventilation systems in the plant
investigated in this study, might explain
the reasons for this discrepancy.

No significant difference was noted
between the exposed and unexposed par-
ticipants in terms of hematological factors.
Although the effects of in vivo administra-
tion of sub-lethal or lethal doses of ammo-
nia on the hematopoietic system have been
investigated by some researchers, possible
effects of chronic low-level occupational
exposure to ammonia on this organ have
so far not been examined. Doig, et al, re-
ported that acute exposure of swine to am-
monia was not associated with significant
hematological changes.>? Similarly, Gus-
tin, et al, reported that exposure of pigs
to airborne concentrations of ammonia of
17.38, 34.76, and 69.53 mg/m3 for six days
had no significant effect on the differen-
tial leukocyte percentages and total WBC
count, suggesting the absence of a stress,
related to ammonia. Our findings were in
line and consistent with these findings on
hematological parameters. The mean BUN
and serum calcium levels, although within
the normal range, were significantly high-
er in the exposed workers than in their un-
exposed counterparts.

Association between exposure to am-
monia and changes in the parameters of
kidney function and serum calcium was
further investigated by linear regression
analysis. After adjusting for important
confounders, only a significant positive
correlation was found between exposure
to ammonia and BUN level (Table 4). An
average increase of 1.59 mg/dL was not-
ed following 7.87 years of continuous ex-
posure to ammonia. This increase could
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Table 4: Results of multiple linear regression after adjusting
for age, BMI, marital status, smoking, work experience, and
education

Parameters Coefficient (95% CI)
BUN (mg/dL) 1.59 (0.43 to 2.75)
Creatinine (mg/dL) -0.02 (-0.07 to 0.03)
Calcium (mg/dL) 0.11 (-0.01 to 0.22)

be viewed as a trivial, early, sub-clinical,
pre-pathologic change. However, if in an
optimistic estimation, we assume a linear
trend for BUN increments over time, one
would expect another 6.1 mg/dL of in-
crease in BUN over the remaining work life
of the employees; the mean BUN would
then become a pathologic level of 26.2 mg/
dL, exceeding the upper normal limit of 23
mg/dL.2425

This situation would be further com-
pounded by two additional factors—de-
creased body's ability to protect itself from
the adverse effects of xenobiotics as a re-
sult of aging,?¢ and structural changes in
the kidney associated with aging making
people more susceptible to toxic water-
soluble xenobiotics.2”

Inhalational absorption of ammonia
could be the origin of elevated BUN since
the inhaled ammonia is metabolized to
urea in the liver.?® In line with our obser-

TAKE-HOME MESSAGE

e Human biological responses to long-term occupational ex-
posure to ammonia have not been thoroughly investigated.

e Exposure to ammonia did not exceed the adjusted TLV-
TWA, although the mean value for peak exposures exceed-
ed the TLV-C.

e No hematotoxic responses were observed.

e Calcium and BUN, while within the normal range, were sig-
nificantly higher in the exposed than in unexposed group.
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vations, Satpute, et al, reported that sub-
acute exposure of rats to ammonium ac-
etate is associated with renal necrosis and
tubular degeneration.*® Similarly, Rabkin,
et al, noted that exposure to ammonia al-
ters renal tubular cell growth and protein
turnover in rabbits. These changes were
noted when the proliferation of the pri-
mary proximal tubular epithelial cells was
inhibited.3°

A recent critical review on the toxicity
of ammonia has provided evidence that
ammonia can disturb many organs and
cell types leading to dysfunction. Addition-
ally, it concluded that hyperammonemia
does lead to impaired kidney function and
kidney injury.3' High-protein diet and de-
hydration have been shown to affect BUN
levels.3233 Additionally, in warm environ-
ment, dehydration might be a common
physiological response leading to reab-
sorption of urea from kidney and elevated
BUN.34 Therefore, it may be argued that
the elevated BUN levels observed in this
study were not necessarily work-related;
they would be the result of differences be-
tween the exposed and unexposed subjects
in terms of other factors unstudied. While
true, the following lines of circumstantial
evidence indicate that the observed effect
may well be attributed to exposure: Al-
though the industry was located in a hot
and humid place, the study was conducted
during a cold season (fall), ruling out the
effects of hot weather; the exposed and
unexposed employees consumed a similar
diet provided by the industry; after adjust-
ing for potential confounders, a significant
positive association was noted between
the BUN level and exposure to ammo-
nia, implying that the observed effect was
work-related; the exposed and unexposed
subjects are believed to have had similar
baseline BUN levels at the commencement
of their employment, as healthy young in-
dividuals with similar socioeconomic sta-
tus; subjects were free from any pre-exist-

ing medical conditions, particularly, renal
diseases and did not take any nephrotoxic
drugs and had no exposure to nephrotoxic
chemicals; the unexposed participants
were significantly older and had a higher
prevalence of smokers than the exposed
individuals. Therefore, if the elevated BUN
level was not work-related (due to ammo-
nia exposure), one would expect that the
level to be significantly higher in the con-
trol group than in the exposed subjects.

Macroscopic and microscopic analyses
of urine parameters did not show any sig-
nificant differences between the exposed
and unexposed groups. Although given the
low concentrations of ammonia, overt tox-
icity is not expected, the investigators did
not find any human or animal studies in
which urine parameters had been evalu-
ated in response to low-level ammonia ex-
posure.

The mean serum calcium was signifi-
cantly higher in cases than in the com-
parison group (Table 3). Although raised
serum calcium levels, as a result of expo-
sure to chemicals, is not a peculiar finding
and chemicals such as aluminum, lithium,
potassium, vitamin A, vitamin D, thia-
zides, and antacid are known to increase
the calcium level,35 in multivariate analysis
(Table 4), we found that the increase in the
calcium level observed in our study was
due to the effect of potential confounders;
when the effect of confounding variables
was controlled, the statistical difference
between mean calcium levels of the ex-
posed and unexposed employees vanished.

In conclusion, the findings of the pres-
ent study showed that occupational ex-
posure to low airborne concentrations of
ammonia was associated with subtle, sub-
clinical, pre-pathologic changes in kidney
function. Possible long-term pathologic
consequences and ramifications of these
effects deserve further investigations.
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