N
The impact of school heavy metal exposure on
children's gut microbiota: the mediating role of

environmental microorganismes.
;Me

Yuchen Zou!, Menglong Lit, Tuerxunayi Abudumijitit, Huiming Hel,
Mengying Guan?, Yeerlin Asihaer!, Miao Li', Nourhan M. Khattab?,
Mushui Shu?, Yifei Hu?

Department of Child, Adolescent Health and Maternal Care,
School of Public Health, Capital Medical University, Beijing, China.
?Institute of Urban Safety and Environmental Science,
Beijing Academy of Science and Technology, Beijing, China.

Wiy e

Yuchen Zou, Menglong Li, Tuerxunayi Abudumijiti, Huiming He, Mengying Guan, Yeerlin Asihaer, Miao L1,

Nourhan M. Khattab, Mushui Shu, Yifei Hu. 2025. The impact of school heavy metal exposure on children's gut
microbiota: the mediating role of environmental microorganisms. iMeta 4: e70021. https://doi.org/10.1002/imt2.70021


http://www.imeta.science/
https://doi.org/10.1002/imt2.70021

Introduction and Highlights

4
(—
()

Classroom P |
18X 11 Exposed children
. | I fecal samples -
— collection
Samples from 67 classrooms, | = >

including indoor, outdoor, and air- | s a @

conditioning samples L g

l Dust samples-collection Fecal samples

Environment -

Dust samples

1 Redundancy analysis )
» and XGboost Environmental ¢ o

Heavy metals microorganism

Relative abundance

Environmental

i \ . ; ; / ora The impact of
; : — microorganisms is an
According to indoor heavy f P 4 s d%te link ifithe e J heayy metals on
metal pollution level 7 B environmental

impact of heavy metals

divided slight pollution, on gut microbiota

moderate pollution, and
heavy pollution groups Relative Length

\ microorganisms

Quadrant and 7
Redundancy Fourth-corner analysis Weighted gene -
. ; analysis and co-expression
Gut microbiota XGboost analysis

The impact of heavy
metals on gut
microbiota

WGCNA explores the association between
environmental microorganisms and gut microbiota

Gut microbiota



‘2 Heavy metal pollution existed in classroom environment
(A)

!

Metal content (ug/g)

(C)

PC2 18.95%

dede 1
_.
0.8
0.6
04
1001 0.2
Y
r-0.2
101 0.4
Sample
— Air-conditioning -0.6
E Indoor 08
- Outdoor
T T T T -1
Cd Co Cr Cu Mn ( D) Ni Pb v
Anosim: R=0.48, p < 0.00/ . 1Kruskal-Wallis test: p < 0.05 Anosim: R=0.48, p < 0.001
24 [}
¢ ’~ ® e
® . J
e ®o J N 5 2 :
® @ 8 é ** o 1
Seod o 4 e | i
® 1 c I
® 0® @ - ® — ° ®
Of=========------ ® eapul e - D41 o | 00 o
o0 S0 o° ° EN e ® ¢
e S R R . - A
gl Co ® c 3 Lo PO
1% ¢ -..% o~ 8 o
A = 3 Q '
! e 8_ og
@ 1
2+ o 0 o4 .
LA : ® l_E -24 !
[ ] 2- ¢
S Group Group
® @ Air-conditioning Heavy pollution
® Indoor i © Moderate pollution
L4 @ Outdoor 1 — 1 Slight pollution
A - } . T T T ! ;
-8 -4 0 4 Air-conditioningOutdoor ~ Indoor 0 5

PC149.93%

PC152.93%

Figure 1. Heavy metal and indoor microorganisms’ distribution (part1)
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Figure 1. Heavy metal and indoor microorganisms’ distribution (part2)



microbiota exhibited changes across varying pollution levels
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Figure S8. Differences in gut microbiota among children exposed to different levels of pollution
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Figure 2. The impact of heavy metals on environmental microorganisms and exposed children gut microbiota (partl)
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Figure S11. The impact of heavy metals on gut microbiota and functions
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Figure 2. The impact of heavy metals on environmental microorganisms and exposed children gut microbiota (part2)



d> Summary

J This study indicates the presence of heavy metal pollution in schools, and its significant
impact on the structure of environmental microbial community;

J Pb and Cd were found to have pronounced effects on environmental microorganisms;

(J Heavy metals and environmental microorganisms jointly affect the gut microbiota
structure of exposed children, with environmental microorganisms playing a crucial
intermediary role;

J Promoting healthy school construction is vital to establish and enhance monitoring
systems for heavy metal pollution, raise environmental health awareness, and protect
children’s well-being.
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