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ABSTRACT:

Background/purpose: Ulaanbaatar, the capital of Mongolia, is one of the coldest and
most polluted cities globally, with PM2.5 concentrations five times higher than WHO
guidelines. PM2.5 enters the body via the respiratory tract and damages multiple organs,
including the oral cavity. This study aimed to compare salivary biomarker levels among 12

year old children living in areas with different PM2.5 concentrations in Ulaanbaatar.

Materials and Methods: A cross sectional study enrolled 190 children from schools in
the highest (study) and lowest (control) PM2.5 areas, selected using four year air quality
data. Oral examinations followed WHO criteria, OHI S, Loe Silness gingival index, and
PPD assessment. Saliva from 45 children (stratified by PM2.5 and oral health status) was
analyzed for F; isoprostane, 8 OHdG, and TAC via ELISA. SPSS v29 was used for
statistics.

Results: Caries prevalence was 91.0%, mean DMFT 5.29£3.49 and DT comprised 84.9%
of DMFT. OHI S score averaged 1.85%1.29, significantly worse in the study group
(p<0.01). Gingivitis affected 23.2% overall (25.2% study vs. 20.5% control). Children with
PPD 23 mm were significantly more common in the high PM group (57.8% vs. 42.1%,
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p=0.040). Salivary 8 OHdG was the most sensitive combined burden marker, showing a
2.6 fold increase in the high PM+disease group versus low PM+healthy (447.63 vs. 172.22
pg/mL, p<0.001). TAC was markedly depleted in both disease groups, whereas F,

isoprostane showed an unexpected inverse association with PM exposure.

Conclusion: Significantly higher caties/gingivitis and altered salivary biomarkers in high
PM children underscore environmental factors in oral disease and the urgent need for
public health action.

INTRODUCTION

Ulaanbaatar is the capital city of Mongolia and is one of the coldest capitals,! as well as one of the most polluted city in the
world?® and second in the East Asia.2 It is five times higher than World Health Organization (WHO) guideline for fine
particular matter 2.5 (PM2.5) pollution.? This high concentration of fine particulate matter violates health of the overall
population of Ulaanbaatar and, in particular, the right of children to grow, develop, and to live in a safe and healthy
environment.* WHO reported that the most harmful air pollutant to human health is PM2.5.> Numerous studies have confirmed
that these fine particulate matters enter the human body through the respiratory tract causing serious damage to the lungs,%’
heart,” brain, kidneys, and digestive organs,® as well as to the oral cavity, including petiodontal diseases,”!? oral cancer,'! dental
caries,!®!! and various other oral conditions.!? The literature teview had confirmed the association between air pollutants and

oral diseases; especially PM2.5 can decrease oral immunity,'® and is associated with periodontal disease.'?

Unlike blood tests, saliva collection is painless, simple, and can be repeated frequently to track the progression of oral diseases.!*
Saliva is a diagnostic tool as a significant advancement in medical science, offering a non-invasive and cost-effective method
for disease detection and monitoring.'> Saliva contains a dynamic pool of molecular markers that reflect both local oral diseases

and systemic responses to PM2.5.16

This study aimed to compare the salivary biomarker’s level among 12 years old children, living in the different areas with air
pollutant PM2.5 in Ulaanbaatar city, Mongolia

MATERIALS AND METHODS

The study design was cross-sectional study. The study population consisted of 190 children aged 12 years old, according to the
consent form numbered 24-25/10-1, approved by the Ethical Committee of MNUMS. The children wete selected from the
secondary school, which is located in the highest (study group) and lowest (control group) PM2.5 level in Ulaanbaatar city,
Mongolia. The school location was selected based on air quality indicators from the past four years provided by the National
Agency for Meteorology and Environmental Monitoring.!”

Oral examination was performed according to the WHO 2013 recommendation, '8 the oral hygiene index-simplified (OHI-
S),! the gingival index by using Loe and Silness method (1963),%° and periodontal pocket depth (PPD) according to the AAPD
periodontal guidelines?! in all 190 children. Saliva sample collected from 45 children, who were selected from study and control
groups based on similarity of the decayed teeth and gingival index (subgroups noted by X-low PM2.5; T-high PM2.5; 1-Healthy
teeth and gum, 2-Decayed teeth and gingivitis). The salivary biomarkers were determined using ELISA kit (Sunlong Biotech Co.,
LTD Human Fj-isoprostane, Total Antioxidant Capacity (TAC), Human 8-Hydroxy-desoxyguanosine (8-OHdG)) in the
biochemical laboratory of MNUMS.

Statistical analysis

Statistical analysis was performed using SPSS software version 29 (SPSS Inc., Chicago, 1L, USA). Normality was assessed using
the Shapiro—Wilk test. Between-group comparisons were performed using independent t-tests or Mann—Whitney U tests. For
multiple group compatisons, one-way ANOVA with Kruskal-Wallis or with Dunn's post-hoc correction was used. Categorical
variables were compared using chi-square or Fisher's exact tests. Two-way ANOVA was used to assess the main effects and
interaction of PM2.5 exposure and oral disease status on salivary biomarkers. Spearman's correlation was used to assess

associations between biomarkers and clinical parameters. A p-value < 0.05 was considered statistically significant
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RESULTS
Outcomes of dental health evaluation

The prevalence and mean DMFT score of dental caries were 91% and 5.2913.49 among all children; 96% and 5.34£3.98 in the
study group, and 87% and 5.23+2.76 in the control group (p<0.05), respectively (Table 1).

Outcomes of OHI-S evaluation

The mean OHI-S score was 1.851+1.29, it evaluated the “fair”. The OHI-S score in the study group was significantly higher
than the control group (p<<0.01) (Table 2).

Outcomes of gingival index and PPD evaluation

The incidence of gingivitis was 23.2% among all children, 25.2% (27) in the study group and 20.5%(17) in the control group.
The mean DMFT score in the children with gingivitis was higher than healthy gum, significantly (p<<0.05) (Table 3).

Table 1 and 3 had shown the decayed teeth score was the majority of the mean DMFT score.

Assessing of periodontal status by analyzing the mean PPD for each child, the average PPD was 1.941+0.77 mm in study group
and 1.90£0.88 mm in the control group (p=0.893), but 1.70+0.74 mm in the healthy gum group and 2.62£0.66 mm in the
gingivitis group (p=0.001) (Table 4).

Outcomes of salivary biomarkers

The salivary Fa-isoprostane, 8-hydroxydeoxyguanosine (8-OHdG) and total antioxidant capacity level were determined among
45 children and compared between subgroups (X1, X2, T1 and T2) in the Table 5.

Table 5 shows the salivary 3 biomarkers in the stratified analysis by PM2.5 exposure and oral disease status between the four
subgroups. Overall, 8-OHdG emerged as the most sensitive marker for detecting the combined burden of PM2.5 and oral
disease, while Fa-isoprostane showed an unexpected inverse association with PM exposure, and TAC depletion was primarily

attributable to oral disease status.
DISCUSSION:

Mongolia is a landlocked central Asian country sandwiched between two giants, Russia and China. It has over 3.5 million people
living in a vast mass of land and is one of the few remaining countries in the world where there is a combined sedentary and
nomadic lifestyle. The cold season in Mongolia can be very long, extending from October to March/April,?? and it is very cold.
Mongolia's population is highly urbanized, with more than half of the total population living in the capital city, Ulaanbaatar
(approximately 1.6—1.7 million out of 3.5 million.?> More than 60% of Ulaanbaatar's total population lives in the ger district, a
peripheral area characterized by traditional felt tents and lack of centralized infrastructure.?* The Ger district consists mostly of
tiny houses and ger (a Mongolian traditional yurt-like round housing) not connected to the central heating system. Thus, Ger
residents burn raw coal in traditional iron stoves for heating during the cold season and often for cooking. Indeed, households
and low-pressure boilers burning raw coal in the Ger district account for 80% of total air pollution in Ulaanbaatar during the

winter, with emissions from coal-fired power plants and motor vehicle exhaust playing a secondary role.?>

In the present study, the overall prevalence of dental caties was 91.0%, with a mean DMFT index of 5.38 per child. Based on
the WHO criteria for caties severity classification, this value falls into the "high" severity category.!® The high proportion of
untreated decayed teeth (84.9% of DMFT) observed in our study is consistent with global patterns reported by the WHO,
which indicate that 60-90% of children worldwide experience dental caries, with the majority left untreated due to inadequate
dental care infrastructure.? This disparity is further reflected in income-level differences: in high-income countries,
approximately 50% of carious lesions receive treatment, compared to only 2% in low-income countries.?” Similar results have
been documented in other countries. A Turkish study among 8—10-year-olds reported a caries prevalence of 96.1% and a PUFA
index of 13.3%.%8 In India, 47.3% of younger children (6—10 years) and 18% of older children (11-15 years) had complications
from untreated caries, including pulp involvement.?” The high D component in our study (84.9%) is consistent with these
findings, suggesting that limited access to restorative care and preventive interventions is a shared challenge across many low-

and middle-income countries. The mean OHI-s score was categorized as "fait" oral hygiene according to standard criteria. This
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reflects suboptimal tooth brushing habits and inadequate oral care practices among the study children, which may partially
explain the high burden of dental caries and gingival inflammation observed in this population. Before 10 years ago, in Mongolia
the same results were published.*

Our finding of a higher proportion of children with gingivitis in the high PM2.5 exposure area is consistent with previous
studies from China.!>!? These study reported significant associations between PM2.5 exposure and increased risk of gingival
inflammation, suggesting that air pollution may contribute to periodontal disease through systemic inflammatory mechanisms.
Marruganti C. et al reported that increasing levels of air pollution were associated with a higher prevalence of periodontal
disease, including periodontal pocket depth and clinical attachment loss in South Korea.! In our study, we similarly observed
that the proportion of children with PPD = 3 mm was significantly higher in the high PM2.5 exposure group (57.8% and
42.1%, p = 0.040). This consistency supports the growing evidence that ambient air pollution, particularly PM2.5, may be a

contributing environmental risk factor for periodontal tissue inflammation.

We found statistically significant relationships between air pollution and salivary levels of Fs-isoprostane, 8-OHdG, and total
antioxidant capacity (TAC). These results are consistent with international studies showing that PM2.5 exposure induces
oxidative stress, characterized by increased lipid peroxidation and DNA damage, and reduced antioxidant reserves. As
demonstrated by Marnett L..J.3? and Milne G.L.%, is a reliable marker of lipid peroxidation, and 8-OHdG is a sensitive indicator
of DNA oxidative damage. Elevated levels of these biomarkers reflect increased oxidative stress; we observed significantly

higher Fo-isoprostane and 8-OHdG levels in children with high PM2.5 exposure in the oral disease area in our study.

The present study provides evidence that the children residing in areas with elevated ambient air pollution experience a greater
burden of oral health problems, characterized by increased prevalence and mean DMFT score of dental caries and gingival
inflaimmation. Furthermore, significant alterations in salivary oxidative stress and antioxidant biomarkers suggest that chronic
PM2.5 exposure may contribute to oral pathological processes through mechanisms involving oxidative damage, inflammatory
responses, and impairment of endogenous antioxidant defense systems. These findings are consistent with growing evidence
linking air pollution to adverse oral and systemic health outcomes and support the hypothesis that oxidative stress may be a key
biological pathway underlying these associations. Collectively, these findings underscore the importance of considering
environmental determinants, in addition to traditional behavioral and socioeconomic risk factors, in the prevention and

management of oral diseases.

Nevertheless, several limitations should be acknowledged. First, the cross-sectional nature of the study precludes causal
influence and limits the ability to establish temporal relationship between PM2.5 exposure, biomarker alterations, and oral
health outcomes. Second, the relatively small sample size used for biomarker analyses may have reduced statistical power and
limited the generalizability of the findings. Third, exposure assessment was based on area-level air pollution data, which may
not accurately reflect individual exposure levels and could have resulted in exposure misclassification. Finally, although major
variables were considered, residual confounding from unmeasured factors, including dietary habits, indoor air pollution

exposure, oral hygiene practices, socioeconomic status, and other environmental determinants, cannot be excluded.

Future research should employ prospective longitudinal cohort designs to clarify the temporal and causal relationship between
air pollution exposure and oral health outcomes. The incorporation of individual-level PM2.5 monitoring, comprehensive
assessment of potential confounding factors, and expanded panels of oxidative stress, inflammatory, and immunological
biomarkers would provide a more comprehensive understanding of the undetlying biological mechanisms. In addition,
intervention studies aimed at reducing exposure to air pollution or mitigating its biological effects are warranted to generate
evidence for effective public health strategies and evidence-based preventive measures for protecting children’s oral health. We
concluded that the findings of this study, exposure to elevated levels of ambient air pollution was associated with increased
prevalence and mean DMFT score of dental caries and gingival inflaimmation among 12-year-old children. Significant difference
in salivary oxidative stress biomarkers further support the potential role of air pollution in the pathogenesis of oral diseases.
These findings highlight the importance of incorporating environmental health considerations into oral disease prevention and
child health promotion programs.

Declaration of competing interest

The authors declare no conflicts of interest.

1214
Natural Resources for Human Health (NRFHH)

https://nrfhh.com



Natural Resources for
Human Health R

elSSN: 2583-1194

Acknowledgments:

The authors thank the Science and Technology Support Fund of the Mongolian National University of Medical Sciences

(MNUMS) for their financial support. We also extend our appreciation to all team members, colleagues, and individuals who

participated in and supported this project.

REFERENCES

(1]

[15]

[10]

The Coldest Capital Cities In The World. Accessed June 25, 2026. https://www.worldatlas.com/cities/ the-coldest-
capital-cities-in-the-world.html

February 8, 2026: Ulaanbaatar among top 10 most polluted cities in the world | IQAir Asia Pacific. Accessed June 25,
2026. https:/ /www.iqait.com/as/newstoom/ulaanbaatar-among-top-10-most-polluted-cities-in-the-world-2-8-2026
2025_1QAir_World_Air_Quality_Report_3.26.2026.pdf.

Guttikunda SK, Lodoysamba S, Bulgansaikhan B, Dashdondog B. Particulate pollution in Ulaanbaatar, Mongolia.
doi:10.1007/511869-013-0198-7

World Health Organization. Issues recommendations to tackle health impacts of air pollution in Mongolia. Published
2018. https://www.who.int/mongolia/news/detail/28-02-2018-wotld-health-organization-issues-recommendations-to-
tackle-health-impacts-of-ait-.... Accessed June 25, 2026.
https:/ /www.google.com/searchrq=World+Health+Organization.+Issues+recommendations+to+tackle+health+imp
actstof+air+pollution+in+Mongolia.+Published+2018.+https%3A%2F%2Fwww.who.int%2Fmongolia%2Fnews%02F
detail%2F28-02-2018-world-health-organization-issues-recommendations-to-tackle-health-impacts-of-air-pollution-in-
mongolia&tlz=1C1CHBF\ _en-

GBMN1108MN1109&0q=World+Health+Organization. +Issues+recommendations+to+tackle+health+impacts+of+
air+pollution+in+Mongolia.+Published+2018.+https%3A%2F%2Fwww.who.int%2Fmongolia%2Fnews%2Fdetail %02
F28-02-2018-world-health-organization-issues-recommendations-to-tackle-health-impacts-of-air-pollution-in-
mongolia&gs\_lctp=EgZjaH]vbWUyBgeAEEUYOTIHCAEQIRIPAtIBCDI2NjFqMGo05qAIGsAIB8QUzG7Ga0uG
Tjg&sourceid=chrome&ie=UTF-8

Xing YF, Xu YH, Shi MH, Lian YX. The impact of PM2.5 on the human respiratory system. | Thorac Dis. 2016;8(1):E69.
doi:10.3978/J ISSN.2072-1439.2016.01.19

Sangkham S, Phairuang W, Sherchan SP, et al. An update on adverse health effects from exposure to PM2.5. Environ Adp.
2024;18. doi:10.1016/j.envadv.2024.100603

Garcia A, Santa-Helena E, De Falco A, de Paula Ribeiro ], Gioda A, Gioda CR. Toxicological Effects of Fine Particulate
Matter (PM2.5): Health Risks and Associated Systemic Injuries-Systematic Review. Water Air Soil Pollut. 2023;234(0).
doi:10.1007/811270-023-06278-9

Madera M, Marquez-Lazaro J, Bernabe E. Particulate Matter 2.5 and Severe Periodontitis Among Colombian Adults. |
Periodontal Res. 2025;60(7):656-663. doi:10.1111/JRE.13360

Zhu L, Tang M, Cai Y, Wang P. Association between exposure to environmental pollutants and increased oral health
tisks, a comptehensive review. Front public Heal. 2025;12. d0i:10.3389/FPUBH.2024.1482991

Air pollution exposure may be linked to higher risk of mouth cancer. Br Dent J. 2018;225(9):800.
doi:10.1038/5J.BDJ.2018.994; KWRD

Zheng Z, Xu M, Wang Y, et al. Air Pollution and Oral Health: An Overall Insight From Genetic Causality. Inz Dent ].
2025;75(3):1979-1987. doi:10.1016/j.identj.2025.01.007

Lin Z, Chen P, Yuan Z, et al. Fine particulate matter, airway inflammation, stress response, non-specific immune function
and buccal microbial divetsity in young adults. Environ Pollut. 2022;308. doi:10.1016/j.envpol.2022.119692

Lépez-Jornet P, Hynninen JN, Parra-Perez F, Peres-Rubio C, Pons-Fuster E, Tvarijonaviciute A. The Role of Salivary
Biomarkers in Monitoring Oral Health in Patients with Implants and Periodontitis. App/ Sci 2024, Vol 14, Page 927.
2024;14(2):927. doi:10.3390/ APP14020927

Taba M, Grant MM. Editorial: Salivary biomarkers for oral and systemic diseases. Front Dent Med. 2024;5:1429305.
doi:10.3389/FDMED.2024.1429305/TEXT

Shah SD, Gupta S, Pamu PK, Shukla JP, Nayak S, Chatterjee K. The Role of Salivary Diagnostics in Early Detection of
Systemic and Oral Diseases: A Comprehensive Review. Curens. 2025;17(12). doi:10.7759/CUREUS.100313

1215

Natural Resources for Human Health (NRFHH)
https://nrfhh.com


https://www.worldatlas.com/cities/the-coldest-capital-cities-in-the-world.html
https://www.worldatlas.com/cities/the-coldest-capital-cities-in-the-world.html
https://www.iqair.com/as/newsroom/ulaanbaatar-among-top-10-most-polluted-cities-in-the-world-2-8-2026
https://www.who.int/mongolia/news/detail/28-02-2018-world-health-organization-issues-recommendations-to-tackle-health-impacts-of-air-%E2%80%A6
https://www.who.int/mongolia/news/detail/28-02-2018-world-health-organization-issues-recommendations-to-tackle-health-impacts-of-air-%E2%80%A6
https://www.google.com/search?q=World+Health+Organization.+Issues+recommendations+to+tackle+health+impacts+of+air+pollution+in+Mongolia.+Published+2018.+https%3A%2F%2Fwww.who.int%2Fmongolia%2Fnews%2Fdetail%2F28-02-2018-world-health-organization-issues-recommendations-to-tackle-health-impacts-of-air-pollution-in-mongolia&rlz=1C1CHBF%5C_en-GBMN1108MN1109&oq=World+Health+Organization.+Issues+recommendations+to+tackle+health+impacts+of+air+pollution+in+Mongolia.+Published+2018.+https%3A%2F%2Fwww.who.int%2Fmongolia%2Fnews%2Fdetail%2F28-02-2018-world-health-organization-issues-recommendations-to-tackle-health-impacts-of-air-pollution-in-mongolia&gs%5C_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRiPAtIBCDI2NjFqMGo5qAIGsAIB8QUzG7Ga0uG7jg&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=World+Health+Organization.+Issues+recommendations+to+tackle+health+impacts+of+air+pollution+in+Mongolia.+Published+2018.+https%3A%2F%2Fwww.who.int%2Fmongolia%2Fnews%2Fdetail%2F28-02-2018-world-health-organization-issues-recommendations-to-tackle-health-impacts-of-air-pollution-in-mongolia&rlz=1C1CHBF%5C_en-GBMN1108MN1109&oq=World+Health+Organization.+Issues+recommendations+to+tackle+health+impacts+of+air+pollution+in+Mongolia.+Published+2018.+https%3A%2F%2Fwww.who.int%2Fmongolia%2Fnews%2Fdetail%2F28-02-2018-world-health-organization-issues-recommendations-to-tackle-health-impacts-of-air-pollution-in-mongolia&gs%5C_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRiPAtIBCDI2NjFqMGo5qAIGsAIB8QUzG7Ga0uG7jg&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=World+Health+Organization.+Issues+recommendations+to+tackle+health+impacts+of+air+pollution+in+Mongolia.+Published+2018.+https%3A%2F%2Fwww.who.int%2Fmongolia%2Fnews%2Fdetail%2F28-02-2018-world-health-organization-issues-recommendations-to-tackle-health-impacts-of-air-pollution-in-mongolia&rlz=1C1CHBF%5C_en-GBMN1108MN1109&oq=World+Health+Organization.+Issues+recommendations+to+tackle+health+impacts+of+air+pollution+in+Mongolia.+Published+2018.+https%3A%2F%2Fwww.who.int%2Fmongolia%2Fnews%2Fdetail%2F28-02-2018-world-health-organization-issues-recommendations-to-tackle-health-impacts-of-air-pollution-in-mongolia&gs%5C_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRiPAtIBCDI2NjFqMGo5qAIGsAIB8QUzG7Ga0uG7jg&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=World+Health+Organization.+Issues+recommendations+to+tackle+health+impacts+of+air+pollution+in+Mongolia.+Published+2018.+https%3A%2F%2Fwww.who.int%2Fmongolia%2Fnews%2Fdetail%2F28-02-2018-world-health-organization-issues-recommendations-to-tackle-health-impacts-of-air-pollution-in-mongolia&rlz=1C1CHBF%5C_en-GBMN1108MN1109&oq=World+Health+Organization.+Issues+recommendations+to+tackle+health+impacts+of+air+pollution+in+Mongolia.+Published+2018.+https%3A%2F%2Fwww.who.int%2Fmongolia%2Fnews%2Fdetail%2F28-02-2018-world-health-organization-issues-recommendations-to-tackle-health-impacts-of-air-pollution-in-mongolia&gs%5C_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRiPAtIBCDI2NjFqMGo5qAIGsAIB8QUzG7Ga0uG7jg&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=World+Health+Organization.+Issues+recommendations+to+tackle+health+impacts+of+air+pollution+in+Mongolia.+Published+2018.+https%3A%2F%2Fwww.who.int%2Fmongolia%2Fnews%2Fdetail%2F28-02-2018-world-health-organization-issues-recommendations-to-tackle-health-impacts-of-air-pollution-in-mongolia&rlz=1C1CHBF%5C_en-GBMN1108MN1109&oq=World+Health+Organization.+Issues+recommendations+to+tackle+health+impacts+of+air+pollution+in+Mongolia.+Published+2018.+https%3A%2F%2Fwww.who.int%2Fmongolia%2Fnews%2Fdetail%2F28-02-2018-world-health-organization-issues-recommendations-to-tackle-health-impacts-of-air-pollution-in-mongolia&gs%5C_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRiPAtIBCDI2NjFqMGo5qAIGsAIB8QUzG7Ga0uG7jg&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=World+Health+Organization.+Issues+recommendations+to+tackle+health+impacts+of+air+pollution+in+Mongolia.+Published+2018.+https%3A%2F%2Fwww.who.int%2Fmongolia%2Fnews%2Fdetail%2F28-02-2018-world-health-organization-issues-recommendations-to-tackle-health-impacts-of-air-pollution-in-mongolia&rlz=1C1CHBF%5C_en-GBMN1108MN1109&oq=World+Health+Organization.+Issues+recommendations+to+tackle+health+impacts+of+air+pollution+in+Mongolia.+Published+2018.+https%3A%2F%2Fwww.who.int%2Fmongolia%2Fnews%2Fdetail%2F28-02-2018-world-health-organization-issues-recommendations-to-tackle-health-impacts-of-air-pollution-in-mongolia&gs%5C_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRiPAtIBCDI2NjFqMGo5qAIGsAIB8QUzG7Ga0uG7jg&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=World+Health+Organization.+Issues+recommendations+to+tackle+health+impacts+of+air+pollution+in+Mongolia.+Published+2018.+https%3A%2F%2Fwww.who.int%2Fmongolia%2Fnews%2Fdetail%2F28-02-2018-world-health-organization-issues-recommendations-to-tackle-health-impacts-of-air-pollution-in-mongolia&rlz=1C1CHBF%5C_en-GBMN1108MN1109&oq=World+Health+Organization.+Issues+recommendations+to+tackle+health+impacts+of+air+pollution+in+Mongolia.+Published+2018.+https%3A%2F%2Fwww.who.int%2Fmongolia%2Fnews%2Fdetail%2F28-02-2018-world-health-organization-issues-recommendations-to-tackle-health-impacts-of-air-pollution-in-mongolia&gs%5C_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRiPAtIBCDI2NjFqMGo5qAIGsAIB8QUzG7Ga0uG7jg&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=World+Health+Organization.+Issues+recommendations+to+tackle+health+impacts+of+air+pollution+in+Mongolia.+Published+2018.+https%3A%2F%2Fwww.who.int%2Fmongolia%2Fnews%2Fdetail%2F28-02-2018-world-health-organization-issues-recommendations-to-tackle-health-impacts-of-air-pollution-in-mongolia&rlz=1C1CHBF%5C_en-GBMN1108MN1109&oq=World+Health+Organization.+Issues+recommendations+to+tackle+health+impacts+of+air+pollution+in+Mongolia.+Published+2018.+https%3A%2F%2Fwww.who.int%2Fmongolia%2Fnews%2Fdetail%2F28-02-2018-world-health-organization-issues-recommendations-to-tackle-health-impacts-of-air-pollution-in-mongolia&gs%5C_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRiPAtIBCDI2NjFqMGo5qAIGsAIB8QUzG7Ga0uG7jg&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=World+Health+Organization.+Issues+recommendations+to+tackle+health+impacts+of+air+pollution+in+Mongolia.+Published+2018.+https%3A%2F%2Fwww.who.int%2Fmongolia%2Fnews%2Fdetail%2F28-02-2018-world-health-organization-issues-recommendations-to-tackle-health-impacts-of-air-pollution-in-mongolia&rlz=1C1CHBF%5C_en-GBMN1108MN1109&oq=World+Health+Organization.+Issues+recommendations+to+tackle+health+impacts+of+air+pollution+in+Mongolia.+Published+2018.+https%3A%2F%2Fwww.who.int%2Fmongolia%2Fnews%2Fdetail%2F28-02-2018-world-health-organization-issues-recommendations-to-tackle-health-impacts-of-air-pollution-in-mongolia&gs%5C_lcrp=EgZjaHJvbWUyBggAEEUYOTIHCAEQIRiPAtIBCDI2NjFqMGo5qAIGsAIB8QUzG7Ga0uG7jg&sourceid=chrome&ie=UTF-8

Natural Resources for

Human Health
elSSN: 2583-1194

[17] IQAir. Air quality in Ulaanbaatar — Ulaan baatar, Mongolia. Available at:
https:/ /www.iqair.com/mongolia/ulaanbaatar/ulaanbaatat. Accessed October 22, 2025. - Google Search. Accessed June
25, 2026. https:/ /www.google.com/search?q=IQAir.+Air+quality+in+Ulaanbaatar+—

+Ulaan+baatar%2C+Mongolia.+Available+at%3A+https%3 A%2F%2Fwww.igair.com%2Fmongolia%2Fulaanbaatar
%_2Fulaanbaatar.+Accessed+October+22%2C+2025.&1rlz=1C1CHBF\_en-
GBMN1108MN1109&0q=I1QAir.+ Air+quality+in+Ulaanbaatar+—
+Ulaan+baatar%2C+Mongolia.+Available+at%3A+https%3 A%2F%2Fwww.igair.com%2Fmongolia%2Fulaanbaatar
%_2Fulaanbaatar.+Accessed+October+22%2C+2025.&gs\_lctp=EgZjaH]JvbWUqBggAEEUYOzIGCAAQRRg7Mgcl
ARAhGI8CMgcIAhAhGI8CMgcIAxAhGISCOgEINDc1MGowajeoAgiwAgHxBTWr\_YIL.4-
K9\_&sourceid=chrome&ie=UTF-8

[18] Oral health surveys: basic methods - 5th edition. Accessed June 25, 2026.
https:/ /www.who.int/publications/i/item/9789241548649

[19] GREENE JC, VERMILLION JR. THE SIMPLIFIED ORAL HYGIENE INDEX. | Am Dent Assoc. 1964;68(1):7-13.
doi:10.14219/jada.archive.1964.0034

[20] Loée H, Silness J. PERIODONTAL DISEASE IN PREGNANCY. I. PREVALENCE AND SEVERITY. Acta Odontol
Seand. 1963;21(6):533-551. doi:10.3109/00016356309011240

[21] Periodontal Conditions in Pediatric Dental Patients.

[22] Erdenebadrakh M, Shinoda M, Nandintsetseg B. Effects of cold-season climate hazards on livestock health and mortality
in Mongolia. Int | Disaster Risk Reduct. 2023;90:103658. doi:10.1016/].IJDRR.2023.103658

[23] Mongolia Cities by Population 2026. Accessed June 26, 2026. https://wotldpopulationteview.com/ cities/ mongolia

[24] Ulaanbaatar Urban Services and Ger Areas Development Investment Program - Tranche 3. Accessed June 26, 2026.
https:/ /www.adb.org/node/528296/ printable/print

[25] Environmental  Issues  and  Pollution  Control  in  Mongolia.  Accessed  June 26,  2026.
https:/ /www.tesearchgate.net/publication/330555525\ _Environmental\_Issues\_and\_Pollution\_Control\_in\_Mo
ngolia

[26] Elsadek YEE. Child Oral Health. Dent Med Res. 2021;9(2):57-58. doi:10.4103/DMR.DMR_29_21

[27] Kassebaum NJ, Bernabé E, Dahiya M, Bhandari B, Murray CJL, Marcenes W. Global burden of untreated caries: a
systematic review and metaregtession. | Dens Res. 2015;94(5):650-658. doi:10.1177/0022034515573272

[28] Goren BD, Derelioglu S, Yilmaz S. Assessing the Clinical Consequences of Untreated Caries in 8- to 10-Year-Old
Children with Pufa Index. ] Ady Oral Res. 2022;13(1):105-112.
doi:10.1177/23202068221075964;REQUESTEDJOURNAL:;JOURNAL:AADA;WEBSITE:WEBSITE:SAGE;JOURN
AL;JOURNAL:AADA;WGROUP:STRING:PUBLICATION

[29] Singhal DK, Singla N. Severity and clinical consequences of untreated dental caries using PUFA index among
schoolchildren in Udupi Taluk, India. | Orgfac Sci. 2018;10(1):19-23. doi:10.4103/JOFS.JOFS_62_17

[30] Jargaltsogt D, Bazar O, Sharkhuu MO, Altansukh S, Bazar A. The Results of National Oral Health Survey, Mongolia. Cent
Asian | Med Sei. 2018;4(1):61-68. doi:10.24079/CAJMS.2018.03.008

[31] Marruganti C, Shin HS, Sim SJ, Grandini S, Lafori A, Romandini M. Air Pollution as a Risk Indicator for Periodontitis.
Biomedicines. 2023;11(2). doi:10.3390/BIOMEDICINES11020443

[32] Marnett LJ. Oxyradicals and DNA damage. Carvinggenesis. 2000;21(3):361-370. doi:10.1093/CARCIN/21.3.361

[33] Milne GL, Yin H, Hardy KD, Davies SS, Roberts L. Isoprostane generation and function. Chen Rev. 2011;111(10):5973-
5996. doi:10.1021/CR200160H

1216
Natural Resources for Human Health (NRFHH)

https://nrfhh.com


https://www.iqair.com/mongolia/ulaanbaatar/ulaanbaatar
https://www.google.com/search?q=IQAir.+Air+quality+in+Ulaanbaatar+%E2%80%94+Ulaan+baatar%2C+Mongolia.+Available+at%3A+https%3A%2F%2Fwww.iqair.com%2Fmongolia%2Fulaanbaatar%2Fulaanbaatar.+Accessed+October+22%2C+2025.&rlz=1C1CHBF%5C_en-GBMN1108MN1109&oq=IQAir.+Air+quality+in+Ulaanbaatar+%E2%80%94+Ulaan+baatar%2C+Mongolia.+Available+at%3A+https%3A%2F%2Fwww.iqair.com%2Fmongolia%2Fulaanbaatar%2Fulaanbaatar.+Accessed+October+22%2C+2025.&gs%5C_lcrp=EgZjaHJvbWUqBggAEEUYOzIGCAAQRRg7MgcIARAhGI8CMgcIAhAhGI8CMgcIAxAhGI8C0gEINDc1MGowajeoAgiwAgHxBTWr%5C_YL4-K9%5C_&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=IQAir.+Air+quality+in+Ulaanbaatar+%E2%80%94+Ulaan+baatar%2C+Mongolia.+Available+at%3A+https%3A%2F%2Fwww.iqair.com%2Fmongolia%2Fulaanbaatar%2Fulaanbaatar.+Accessed+October+22%2C+2025.&rlz=1C1CHBF%5C_en-GBMN1108MN1109&oq=IQAir.+Air+quality+in+Ulaanbaatar+%E2%80%94+Ulaan+baatar%2C+Mongolia.+Available+at%3A+https%3A%2F%2Fwww.iqair.com%2Fmongolia%2Fulaanbaatar%2Fulaanbaatar.+Accessed+October+22%2C+2025.&gs%5C_lcrp=EgZjaHJvbWUqBggAEEUYOzIGCAAQRRg7MgcIARAhGI8CMgcIAhAhGI8CMgcIAxAhGI8C0gEINDc1MGowajeoAgiwAgHxBTWr%5C_YL4-K9%5C_&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=IQAir.+Air+quality+in+Ulaanbaatar+%E2%80%94+Ulaan+baatar%2C+Mongolia.+Available+at%3A+https%3A%2F%2Fwww.iqair.com%2Fmongolia%2Fulaanbaatar%2Fulaanbaatar.+Accessed+October+22%2C+2025.&rlz=1C1CHBF%5C_en-GBMN1108MN1109&oq=IQAir.+Air+quality+in+Ulaanbaatar+%E2%80%94+Ulaan+baatar%2C+Mongolia.+Available+at%3A+https%3A%2F%2Fwww.iqair.com%2Fmongolia%2Fulaanbaatar%2Fulaanbaatar.+Accessed+October+22%2C+2025.&gs%5C_lcrp=EgZjaHJvbWUqBggAEEUYOzIGCAAQRRg7MgcIARAhGI8CMgcIAhAhGI8CMgcIAxAhGI8C0gEINDc1MGowajeoAgiwAgHxBTWr%5C_YL4-K9%5C_&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=IQAir.+Air+quality+in+Ulaanbaatar+%E2%80%94+Ulaan+baatar%2C+Mongolia.+Available+at%3A+https%3A%2F%2Fwww.iqair.com%2Fmongolia%2Fulaanbaatar%2Fulaanbaatar.+Accessed+October+22%2C+2025.&rlz=1C1CHBF%5C_en-GBMN1108MN1109&oq=IQAir.+Air+quality+in+Ulaanbaatar+%E2%80%94+Ulaan+baatar%2C+Mongolia.+Available+at%3A+https%3A%2F%2Fwww.iqair.com%2Fmongolia%2Fulaanbaatar%2Fulaanbaatar.+Accessed+October+22%2C+2025.&gs%5C_lcrp=EgZjaHJvbWUqBggAEEUYOzIGCAAQRRg7MgcIARAhGI8CMgcIAhAhGI8CMgcIAxAhGI8C0gEINDc1MGowajeoAgiwAgHxBTWr%5C_YL4-K9%5C_&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=IQAir.+Air+quality+in+Ulaanbaatar+%E2%80%94+Ulaan+baatar%2C+Mongolia.+Available+at%3A+https%3A%2F%2Fwww.iqair.com%2Fmongolia%2Fulaanbaatar%2Fulaanbaatar.+Accessed+October+22%2C+2025.&rlz=1C1CHBF%5C_en-GBMN1108MN1109&oq=IQAir.+Air+quality+in+Ulaanbaatar+%E2%80%94+Ulaan+baatar%2C+Mongolia.+Available+at%3A+https%3A%2F%2Fwww.iqair.com%2Fmongolia%2Fulaanbaatar%2Fulaanbaatar.+Accessed+October+22%2C+2025.&gs%5C_lcrp=EgZjaHJvbWUqBggAEEUYOzIGCAAQRRg7MgcIARAhGI8CMgcIAhAhGI8CMgcIAxAhGI8C0gEINDc1MGowajeoAgiwAgHxBTWr%5C_YL4-K9%5C_&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=IQAir.+Air+quality+in+Ulaanbaatar+%E2%80%94+Ulaan+baatar%2C+Mongolia.+Available+at%3A+https%3A%2F%2Fwww.iqair.com%2Fmongolia%2Fulaanbaatar%2Fulaanbaatar.+Accessed+October+22%2C+2025.&rlz=1C1CHBF%5C_en-GBMN1108MN1109&oq=IQAir.+Air+quality+in+Ulaanbaatar+%E2%80%94+Ulaan+baatar%2C+Mongolia.+Available+at%3A+https%3A%2F%2Fwww.iqair.com%2Fmongolia%2Fulaanbaatar%2Fulaanbaatar.+Accessed+October+22%2C+2025.&gs%5C_lcrp=EgZjaHJvbWUqBggAEEUYOzIGCAAQRRg7MgcIARAhGI8CMgcIAhAhGI8CMgcIAxAhGI8C0gEINDc1MGowajeoAgiwAgHxBTWr%5C_YL4-K9%5C_&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=IQAir.+Air+quality+in+Ulaanbaatar+%E2%80%94+Ulaan+baatar%2C+Mongolia.+Available+at%3A+https%3A%2F%2Fwww.iqair.com%2Fmongolia%2Fulaanbaatar%2Fulaanbaatar.+Accessed+October+22%2C+2025.&rlz=1C1CHBF%5C_en-GBMN1108MN1109&oq=IQAir.+Air+quality+in+Ulaanbaatar+%E2%80%94+Ulaan+baatar%2C+Mongolia.+Available+at%3A+https%3A%2F%2Fwww.iqair.com%2Fmongolia%2Fulaanbaatar%2Fulaanbaatar.+Accessed+October+22%2C+2025.&gs%5C_lcrp=EgZjaHJvbWUqBggAEEUYOzIGCAAQRRg7MgcIARAhGI8CMgcIAhAhGI8CMgcIAxAhGI8C0gEINDc1MGowajeoAgiwAgHxBTWr%5C_YL4-K9%5C_&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=IQAir.+Air+quality+in+Ulaanbaatar+%E2%80%94+Ulaan+baatar%2C+Mongolia.+Available+at%3A+https%3A%2F%2Fwww.iqair.com%2Fmongolia%2Fulaanbaatar%2Fulaanbaatar.+Accessed+October+22%2C+2025.&rlz=1C1CHBF%5C_en-GBMN1108MN1109&oq=IQAir.+Air+quality+in+Ulaanbaatar+%E2%80%94+Ulaan+baatar%2C+Mongolia.+Available+at%3A+https%3A%2F%2Fwww.iqair.com%2Fmongolia%2Fulaanbaatar%2Fulaanbaatar.+Accessed+October+22%2C+2025.&gs%5C_lcrp=EgZjaHJvbWUqBggAEEUYOzIGCAAQRRg7MgcIARAhGI8CMgcIAhAhGI8CMgcIAxAhGI8C0gEINDc1MGowajeoAgiwAgHxBTWr%5C_YL4-K9%5C_&sourceid=chrome&ie=UTF-8
https://www.who.int/publications/i/item/9789241548649
https://worldpopulationreview.com/cities/mongolia
https://www.adb.org/node/528296/printable/print
https://www.researchgate.net/publication/330555525%5C_Environmental%5C_Issues%5C_and%5C_Pollution%5C_Control%5C_in%5C_Mongolia
https://www.researchgate.net/publication/330555525%5C_Environmental%5C_Issues%5C_and%5C_Pollution%5C_Control%5C_in%5C_Mongolia

