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At present allergic diseases are detected in 30 % people and their frequency is only growing. A significant role in al-

lergic pathology occurrence belongs to ambient air contamination and chemicals being introduced not only into children’s 
bodies, but their parents’ ones as well since pollutants can act as allergens and sensitizing agents. 

Our research goal was to examine influence exerted by parents’ pre-gestation exposure to chemicals on sensitization 
among teenagers living in an area where ambient air was contaminated. 

We examined overall immunoglobulin E contents and leukocytes migration inhibition test with formaldehyde and 
sodium nitrite in 115 teenagers whose parents worked under adverse working conditions at chemical and petrochemi-
cal enterprises and in 244 schoolchildren whose parents didn’t have any occupational contacts with chemicals. Each 
group was divided into sub-groups depending on inhalation chemical burden on schoolchildren’s bodies caused by 
ambient air contamination and contaminated air indoors (with hazard index (HI) for immune disorders being lower 
than 2 and HI≥ 2). 

The research allowed establishing that teenagers whose parents had worked at chemical and petrochemical enter-
prises during a pre-gestation period had elevated IgE contents more frequently as well as changes in leukocytes migration 
inhibition test with formaldehyde; it indicated there was sensitization to this chemical. Parents’ occupational contacts with 
chemicals led to an increase in relative risks of elevated igE contents and 2.5 times higher sensitization among schoolchil-
dren with HI < 2. Risk that sensitization to formaldehyde might occur was equal to 2.3 among senior schoolchildren with 
HI ≥ 2 whose parents worked at chemical enterprises. 

Key words: pre-gestation chemical exposure, teenagers, parents, sensitization, immunoglobulin Е, leukocytes migra-
tion inhibition test, ambient air contamination. 
 

 
Over the last decades a number of allergic 

pathology cases has been growing actively all 
over the world and now this pathology is diag-
nosed in each third person. It deteriorates life 
quality and becomes a heavy burden for a so-
ciety [1, 2]. Ambient air contamination makes 
a significant contribution into a risk of health 
disorders among population and ecopollutants 
can act as allergens and sensitizing agents and 
cause allergic diseases [3, 4]. It has been 
proven that ambient air contamination with 
formaldehyde, benzpyrene, phenol, and nitro-
gen dioxide produces effects on immune sys-

tem functioning via inducing synthesis of anti-
inflammatory cytokines, reducing IgA con-
tents, increasing contents of specific auto-
antibodies, inhibiting cell death via apoptosis 
and activating it via necrosis. It is also associ-
ated with allergic pathology among adults and 
children [5–8]. 

Sanitary-hygienic assessment of work-
ing area air at chemical productions revealed 
certain chemicals including butanol, di-
methylamine, cobalt tetracarbonyle hydride, 
methyl tributyl ether, carbon oxide, and satu-
rated hydrocarbons [9]. Chemicals in work-
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ing area air, even when they occur in con-
centrations not exceeding hygienic stan-
dards, can exert negative impacts on repro-
ductive health of workers employed at 
chemical productions [10]. 

There are a lot of data in literature on in-
fluence exerted by alcohol, smoking, and 
other negative factors on future generation’s 
health during pregnancy [11–15]. In recent 
years some data have been published on 
transgenerational epigenetic inheritance and 
its role in adaptation and occurrence of dis-
eases in children [16–18]. It was revealed that 
chemotherapy applied in treating fathers for 
cancer modified sperm epigenome and en-
tailed probable transgenerational transfer 
[19]. It was also established that when male 
and female rats were poisoned with combus-
tion products prior to coupling, it led to 
changes in offspring’s behavior and develop-
ment [20]; when parents, either mothers or 
fathers or both, worked under adverse condi-
tions, it was associated with an increase in 
primary morbidity, chronic pathology of the 
upper respiratory tracts, and frequent positive 
tests for allergens in children [21]. It was also 
shown that threats of miscarriage, gestosis in 
the first half of pregnancy, intrauterine hy-
poxia, and delayed fetus development in 
women employed at petroleum processing 
enterprises were to a great extent occupation-
ally induced [10, 21]. 

Our research goal was to examine in-
fluence exerted by parents’ pre-gestation ex-
posure to chemicals on sensitization among 
teenagers living in an area where ambient air 
was contaminated. 

Data and methods. Our research was 
performed in two industrial cities located in 
Irkutsk region with big chemical and petro-
chemical enterprises operating there. School-
children were examined in spring prior to 
blooming season; prior to any examination 
parents (legal representatives) were ques-
tioned and then gave their written informed 
consent to let teenagers take part in the re-
search. We took the following criteria for in-
cluding children into the research: they per-

manently lived and attended schools on the 
examined territory; they were 14–17 years 
old; they didn’t have any signs of an acute 
respiratory disease at the moment of the re-
search. 

To assess influence exerted by parents’ 
exposure to chemicals in pre-gestation pe-
riod, we took data on occupational condi-
tions at workplaces and pollutants contents 
in working area air. Data on chemicals con-
tents in working area air were taken from 
databases belonging to Rospotrebnadzor Re-
gional Office in Irkutsk region, Rosgidromet, 
and also from research works performed by 
the East Siberian Institute for Medical and 
Ecologic Research [5, 9, 22, 23]. Longitude 
research performed by N.M. Meshchakova et 
al. [22] revealed that in 1988–1994 concen-
trations of certain chemicals in working area 
air at vinyl chloride production were sub-
stantially higher than maximum permissible 
concentrations. Thus, vinyl chloride contents 
amounted to 21.1–217 mg/m3 and dichloroethane 
contents amounted to 140.7–156.0 mg/m3; 
then production equipment was modernized 
(1995–2000) and single concentrations of 
these chemicals didn’t exceed 1.8 maximum 
permissible concentration (MPC) after that 
[22]. Over a period starting from 2001 con-
centrations of dimethylamine, methanol, bu-
tanol, and carbon oxide varied from 0.20 to 
0.55 mg/m3, 1.0–11.0 mg/m3, 1.0–4.0 mg/m3, 
4.4–10.0 mg/m3 accordingly and didn’t exceed 
MPC at enterprises that produced methanol, 
methylamines and butanol via oxo-synthesis 
and methyl-tributyl ether [9]. Ambient air 
contamination was estimated as high in the 
examined cities in 1990–1995. Hazard index 
(HI) for health disorders among population, 
taken without benzpyrene, varied from 8 to 
10.2; priority pollutants included nitrogen 
dioxide, hydrogen sulfate, and formalde-
hyde. In 2015–2017 HI reached 15.9 [23]. 

When assessing chemical inhalation  
exposure on teenagers’ bodies we took into 
account ambient air quality and pollutants 
contents in indoor air since the questionnaire 
revealed that teenagers spent most their time 
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at home or at school (20–23 hours a day). To 
calculate personified HI of immune disorders 
among teenagers, we took data on contents of 
immune-tropic pollutants in ambient air, in 
air inside homes and classrooms, as well as 
schoolchildren’s anthropometric and spi-
rometric data and data on their daily routines 
[24]. The greatest contribution into individual 
HI of immune disorders was made by formal-
dehyde; its maximum concentrations reached 
0.005 mg/m3 inside classrooms; homes, 0.006 
mg/m3; ambient air, 0.006 mg/m3 (reference 
concentrations is 0.003 mg/m3) [5]. 

We spotted teenagers among the examined 
school children whose parents hadn’t contacted 
chemicals in their occupational activity; they 
were included into the group I (244 school-
children). Teenagers whose parents had worked 
under adverse conditions at chemical and petro-
chemical enterprises were included into the 
group II (115 schoolchildren). Shares of smok-
ing teenagers and those exposed to passive 
smoking were comparable in Groups I and II 
(62.4 and 60.0 % accordingly). HI values for 
immune disorders among schoolchildren varied 
from 1.34 to 2.7 and allowed us to divide both 
groups into subgroups а and b. Subgroups  
Ia and IIa were made up of teenagers with HI < 2 
(114 and 56 people accordingly); subgroups  
Ib and IIb, teenagers with HI ≥ 2 (130 and 59 peo-
ple accordingly) (Figure). 

Allergic proneness and sensitization of 
schoolchildren’s bodies to chemicals were es-
timated as per total immunoglobulin E (IgE) 
and migration index (MI) in leukocytes migra-
tion inhibition (LMI) with formaldehyde and 
sodium nitrite. IgE was determined in blood 
serum via solid phase ELISA test with Total 
IgE reagents kit (“Xema”, Germany). Contents 
equal to 1.3–70.0 IU/ml were taken as referent 
ones. Leukocytes extracted from whole blood 
were used in LMI. Formaldehyde or sodium 
nitrite was used as a chemokinetic factor in the 
reaction; mitogen phytohaemagglutinin was 
taken as positive control; cultural medium 
without chemo-attractant was taken as intact 
control [5]. MI varying from 0.80 to 1.20 was 
considered referent. 

 

Figure. Research design 

To compare quantitative parameters be-
tween groups, we took Mann – Whitney U-test 
(results are given as median (Me) and 25–75 
quartiles (LQ–UQ)); and chi-square (χ2) with 
Yates correction. Frequency of a parameter 
occurrence in the sampling was calculated as 
per 100 examined people and given with 95 % 
confidence interval (CI). Relative risk was as-
sessed as per odds ratio (OR) with 95 % CI. 
Critical statistical significance of differences 
(p) was taken at 0.05. All the results were sta-
tistically processed with Statistica 6.0 applied 
software. 

Results and discussion. Having com-
pared average IgE contents in different groups, 
we revealed that it tended to grow in Group II. 
Analysis of migration indexes of LMI with 
formaldehyde and sodium nitrite (MIf and MIs 
accordingly) didn’t reveal any significant dif-
ferences depending on parents’ occupational 
contacts with chemicals prior to a child birth, 
both in groups taken as whole and in sub-
groups with different HI (Table 1). 

We assessed how frequently the examined 
parameters deviated from reference levels; the 
assessment revealed that elevated IgE levels 
were more frequent among teenagers with in-
herited chemical burden than among their 
counterparts whose parents hadn’t contacted 
chemicals at their workplaces (Table 2). These 
differences were also significant when fre-
quency of elevated IgE levels was compared in 
subgroups made up of schoolchildren exposed 
to different inhalation burden. 
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T a b l e  1  

Allergic proneness revealed among teenagers with inherited chemical burden who lived  
on a territory where ambient air was contaminated, Me (LQ–UQ)  

Parameter Subgroups Group I Group II р 
all 26.17 (4.11–66.03)  36.21 (7.37–93.58)  0.065 

HI < 2 24.11 (8.33–53.76)  33.76 (11.40–105.01)  0.610 IgE, 
IU/ml 

HI ≥ 2 27.04 (2.08–83.73)  36.78 (3.04–93.58)  0.489 
all 0.97 (0.84–1.06)  0.92 (0.82–1.11)  0.508 

HI < 2 0.96 (0.76–1.10)  0.89 (0.54–0.96)  0.276 MIf 
HI ≥ 2 0.98 (0.85–1.05)  1.00 (0.82–1.13)  0.918 

all 0.97 (0.85–1.09)  0.93 (0.71–1.21)  0.661 
HI < 2 0.92 (0.74–0.98)  0.77 (0.58–0.97)  0.227 MIs 
HI ≥ 2 1.00 (0.86–1.14)  0.96 (0.82–1.29)  0.736 

N o t e :  р is statistical significance of differences between Groups I and II; 
MIf, MIs are migration indexes for leukocytes in leukocytes migration inhibition with formaldehyde and so-

dium nitrite accordingly. 

T a b l e  2  

Frequency of allergic proneness parameters deviating from reference levels in teenagers 
with inherited chemical burden and exposed to ambient air contamination 

Deviation frequency, per 100 examined [CI] 
Parameter Subgroups 

Group I Group II 
р 

all 22.22 [16.79–27.65] 39.13 [30.21–48.05] 0.001 
HI < 2 17.12 [10.11–24.12] 33.96 [25.27–42.66] 0.015 IgE, 

IU/ml 
HI ≥ 2 27.19 [15.21–39.17] 43.55 [31.21–55.89] 0.022 

all 34.97 [27.15–42.78] 56.36 [43.26–69.47] 0.007 
HI < 2 37.14 [21.13–53.15] 62.50 [38.78–86.22] 0.083 MIf 
HI ≥ 2 34.26 [25.31–43.21] 53.85 [38.20–69.49] 0.028 

all 34.58 [25.57–43.59] 32.00 [19.07–44.93] 0.712 
HI < 2 40.00 [23.77–56.23] 37.50 [13.78–61.22] 0.892 MIs 
HI ≥ 2 24.73 [15.96–33.50] 29.41 [14.10–44.73] 0.649 

N o t e :  р is statistical significance of differences between Groups I and II; 
CI is 95 % confidence interval; 
MIf, MIs are migration indexes for leukocytes in leukocytes migration inhibition with formaldehyde and so-

dium nitrite accordingly. 
 
We also revealed difference in frequency 

of sensitization to formaldehyde in LMI be-
tween Groups I and II. MI values deviating 
from reference levels were more frequent in 
case there was inherited chemical burden. As 
for teenagers with HI < 2, we detected only a 
trend for a growth in a share of people with 
MIf value being beyond the reference range 

(subgroup IIа against subgroup Ia). Frequency 
of deviations in these parameters was statisti-
cally significantly higher among teenagers 
with HI ≥ 2 and inherited chemical burden 
(subgroup IIb) than among their counterparts 
without it (subgroup Ib). We should note that 
MI deviations from the reference range could 
be both elevated and decreased inhibition  
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(MI being lower than 0.8 or higher than 1.2 
accordingly). There were 3.2–4 times more 
people with elevated inhibition with formal-
dehyde in both subgroups at HI < 2 (28.57 
[13.60–43.54] % and 50.00 [40.57–59.43] % 
for subgroups Ia and IIa accordingly) than with 
decreased one (8.57 [0.00–17.85] % and 12.50 
[6.26–18.74] %). As HI grew, a share of peo-
ple with elevated leukocytes migration in a 
reaction with formaldehyde went down, both 
among schoolchildren without inherited chemi-
cal burden and with it (15.74 [0.00–33.59] % 
and 23.08 [9.85–36.30] % for subgroups Ib 
and IIb accordingly) and, on the contrary, a 
share of people with decreased migration 
grew (18.52 [0.00–37.55] % and 30.77 
[16.28–45.25] % accordingly). 

There were no differences in frequency of 
MIs deviations from reference values in sub-
groups with different HI calculated for immune 
disorders among teenagers depending on their 
parents’ contacts with chemicals. MIs deviations 
from the reference range were detected in each 
third teenager in groups with inherited chemical 
burden and among their counterparts without it 
and there were no differences in their frequency 
between the groups. 

Elevated IgE levels and changed MI in a 
reaction with formaldehyde were more fre-
quent among teenagers whose parents had con-
tacted chemicals at their workplaces in pre-
gestation period. It indicates that there is sensi-
tization to formaldehyde as well as a higher 
risk that allergic diseases might occur. Rela-
tive risk of an increase in IgE contents among 
teenagers with inherited chemical burden was 
higher than 1 in the subgroup with HI < 2 and 
was equal to 2.5 where as it was only 1.7 in 
the subgroup with HI ≥ 2 and this increase was 
not statistically significant (Table 3). 

Parents’ occupational contacts with 
chemicals in pre-gestation period didn’t ex-
ert any influence on a risk of sensitization to 
formaldehyde among teenagers with HI < 2. 
But still, higher inhalation exposure to im-
mune-tropic compounds together with inher-
ited chemical burden caused elevated risk of 

sensitization to formaldehyde among teenag-
ers. We didn’t establish any influence ex-
erted by parents’ occupational contacts on a 
risk of sensitization to sodium nitrite. 

T a b l e  3  
Relative risk of sensitization and allergic 

proneness among teenagers whose parents  
had contacted chemicals 

Parameter Subgroups OR (CI)  χ2 р 
all 1.78 (1.07–2.95)  5.07 0.025

HI < 2 2.49 (1.17–5.29)  5.83 0.016IgE 
HI ≥ 2 1.37 (0.69–2.72)  0.79 0.375

all 2.43 (1.28–4.58)  7.72 0.006
HI < 2 2.82 (0.83–9.58)  2.85 0.166MIf 
HI ≥ 2 2.27 (1.08–4.77)  4.77 0.029

all 1.14 (0.59–2.23)  0.15 0.695
MIs HI < 2 0.90 (0.27–3.04)  0.03 0.866

N o t e :  χ2 are chi-square values; 
р is statistical significance as per χ2 test; 
OR (CI) is odds ratio with 95 % confidence interval; 
MIf, MIs are migration indexes for leukocytes in 

leukocytes migration inhibition with formaldehyde and 
sodium nitrite accordingly. 

 
Our data indicate that contacts with 

chemicals by parents (fathers included) in a 
period before the examined children were 
born result in elevated risks of teenagers be-
coming allergic. It is in line with results ob-
tained via research performed with partici-
pating workers employed at industrial rubber 
production as well as at hothouses where 
chemical compounds were used as fertilizers 
[25, 26]. There are data in these works on a 
decrease in non-specific resistance and pro-
tective-adaptive capabilities of children’s 
bodies as well as on an increase in morbidity 
including allergic diseases. Besides, S.H. Ar-
shad et al. revealed that inhalation exposure 
of mothers or grandmothers to chemical 
compounds caused by smoking prior to 
pregnancy was associated with allergic dis-
eases in children [27]. It is well-known that 
most allergic diseases have IgE-dependent 
development mechanism and are accompa-
nied with an increase in contents of this im-



L.B. Masnavieva, N.V. Efimova, I.V. Kudaeva 

Health Risk Analysis. 2021. no. 2 128 

munoglobulin in blood serum. It is diagnos-
tically important to determine total IgE in 
case of allergic pathology since its contents 
correlate with concentrations of allergen-
specific IgE in most cases [28, 29]. When 
there are only initial signs of sensitization to 
allergens and there are no apparent symp-
toms of an allergic disease, specific IgE can 
already start to occur [28]. Therefore, ele-
vated IgE contents indicate there is sensitiza-
tion, regardless of allergic pathology being 
apparent or not. Relative risk of this immu-
noglobulin occurring in a body in elevated 
contents that is higher than 1 indicates that 
parents’ occupational contacts with chemi-
cals play a significant role in sensitization 
developing in their children’s bodies. We 
should note that relative risk of elevated IgE 
contents caused by parents’ contacts with 
chemicals during pre-gestation period was 
higher among teenagers with HI < 2 than 
among those with HI ≥ 2. It is due to differ-
ences in growth in a share of people with 
elevated IgE contents depending on inhala-
tion exposure to immune-tropic compounds 
among teenagers with inherited chemical 
burden and without it. Effects produced by 
contaminated ambient air were stronger 
among teenagers without inherited chemical 
burden. Thus, as HI grew, frequency of ele-
vated IgE increased by 1.6 times in Group I 
(from 17 to 27 %, р = 0.126 when subgroups 
Ia and Ib were compared); and by 1.3 times in 
Group II (from 34 to 43 %, р = 0.187 when 
subgroups IIa and IIb were compared). We 
should note that both risk factors combined 
(parents’ pre-gestation contact with chemi-
cals and HI calculated for immune disorders 
being equal to 2 or higher) caused a signifi-
cant increase in OR (2.54 (1.19–5.40), 
χ2 = 6.03, р = 0.015). 

It is well known, that both biologic al-
lergens (animal dandruff and hair, house-
dust ticks, plant and mushroom pollen) and 
chemical contaminants (ozone, sulfur diox-
ide, nitrogen dioxide, diesel fuel combustion 
products, tobacco smoke, etc.) can act as 
sensitizing agents [30]. Therefore, a contri-

bution into occurring sensitization to for-
maldehyde can be made both by inherited 
chemical burden and elevated ambient air 
contamination with immune-tropic chemi-
cals. It was established that an increase in 
inhalation exposure for teenagers didn’t re-
sult in growing OR of changing MI in LMI 
with formaldehyde in Groups I and II (0.88 
(0.40–1.95) and 0.75 (0.24–2.4) accordingly) 
but a risk of sensitization to formaldehyde 
increased only under elevated inhalation ex-
posure to immune-tropic chemicals (HI ≤ 2). 
This detected increase in a risk of sensitiza-
tion to formaldehyde is in line with research 
results that revealed more frequent positive 
skin tests to household, epidermal and pollen 
allergens among teenagers living in cities 
with heavily contaminated ambient air 
whose parents contacted adverse chemicals 
at their workplaces [22]. Chemical pre-
gestation exposure is an epigenetic factor 
and it can become apparent via changes in 
methylation of certain DNA section in genes 
associated with allergic diseases develop-
ment. Thus, it was established that DNA me-
thylation in promoter of the neuropeptide  
S-receptor 1 that was linked to asthma and 
allergy occurrence was associated not only 
with parents and their children suffering 
from allergy but also with environmental ex-
posure [27]. These results indicate that epi-
genetic factors exert certain influence on oc-
curring sensitization to formaldehyde among 
teenagers living under adverse exposure to 
ambient air being contaminated with im-
mune-tropic chemicals. 

Conclusion. Our research allowed estab-
lishing that teenagers whose parents had 
worked at chemical and petrochemical enter-
prises during pre-gestation period more fre-
quently had elevated IgE contents in blood se-
rum as well as changes in LMI with formalde-
hyde indicating there was sensitization to this 
chemical. Parents’ occupational contacts with 
chemicals resulted in 2.5 times higher relative 
risk of elevated IgE contents, sensitization, and 
allergic pathology development among 
schoolchildren living under moderate exposure 
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to ambient air being contaminated with im-
mune-tropic chemicals (HI  < 2). Risk of sen-
sitization to formaldehyde amounted to 2.3 for 
teenagers living under inhalation exposure 
with HI  ≥ 2 and with parents who had worked 
at chemical enterprises. Therefore, inhalation 
exposure to immune-tropic chemicals and par-
ents’ occupational contacts with chemicals 
during pre-gestation period cause elevated 

risks of sensitization and allergic diseases 
among teenagers. 
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