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&KDUDFWHULVWLFV�RI�%UDNH�:HDU�3DUWLFOHV�DQG�&KHPLFDO�6SHFLDWLRQ�3URILOHV�DQG�3RWHQWLDO�+HDOWK�(IIHFWV�RI�WKH
3DUWLFOHV�LQ�&DOLIRUQLD�

6��<RRQ���2��3DUN���0��'DP���1��-DUHHQ���%��:HOOHU���-��'��+HUQHU�
�

�&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG�

%UDNH�ZHDU HPLVVLRQV KDYH EHFRPH WKH GRPLQDQW VRXUFH RI GLUHFWO\ HPLWWHG SDUWLFOHV IURP PRWRU YHKLFOHV� DV WDLOSLSH
HPLVVLRQV KDYH EHHQ VXEVWDQWLDOO\ UHGXFHG LQ UHVSRQVH WR VWULQJHQW WDLOSLSH HPLVVLRQV VWDQGDUGV LQ &DOLIRUQLD� 8QGHUVWDQGLQJ
WKH FKDUDFWHULVWLFV RI EUDNH�ZHDU SDUWLFOHV� LQFOXGLQJ SDUWLFOH QXPEHU� VL]H GLVWULEXWLRQV� DQG PDVV� DV ZHOO DV WKHLU FKHPLFDO
VSHFLDWLRQ SURILOHV� LV D FUXFLDO VWHS LQ XQGHUVWDQGLQJ WKHLU SRWHQWLDO DGYHUVH KHDOWK HIIHFWV� 7KH SUHVHQFH RI KHDY\ PHWDOV LQ
WKH�SDUWLFOHV�LV�D�FRQFHUQ�IRU�SXEOLF�KHDOWK��SDUWLFXODUO\�LQ�FRPPXQLWLHV�QHDU�PDMRU�XUEDQ�DUWHULDOV�DQG�KLJKZD\V�

7KH &DOLIRUQLD $LU 5HVRXUFHV %RDUG �&$5%� KDV XQGHUWDNHQ LQYHVWLJDWLRQV WR PHDVXUH DLUERUQH EUDNH�ZHDU SDUWLFOHV XQGHU
EUDNH�G\QDPRPHWHU WHVWLQJ FRQGLWLRQV� FKDUDFWHUL]H WKHLU FKHPLFDO VSHFLDWLRQ SURILOHV� DQG DVVHVV WKHLU SRWHQWLDO KHDOWK
HIIHFWV ORFDOO\ DQG UHJLRQDOO\� $LUERUQH EUDNH�ZHDU SDUWLFOHV DUH JHQHUDWHG GXULQJ YHKLFOH EUDNLQJ ZKHQ VKHDU IRUFHV
LQFUHDVH EHWZHHQ WKH IULFWLRQ PDWHULDO DQG WKH GLVN� &$5% DQDO\VLV UHYHDOHG WKDW WKH PDMRU LQRUJDQLF FRQWHQWV RI EUDNH�ZHDU
SDUWLFOHV IURP &DOLIRUQLD OLJKW�GXW\ DQG KHDY\�GXW\ YHKLFOHV LQFOXGH LURQ �)H�� EDULXP �%D�� FRSSHU �&X�� ]LQF �=Q�� DQG
WLWDQLXP �7L�� ZKLOH DSSUR[LPDWHO\ KDOI RI WKH SDUWLFOHV FRQVLVWHG RI QRQ�PHWDOOLF FRPSRQHQWV� 7KH R[LGDWLYH SRWHQWLDOV RI
WKH SDUWLFOHV FROOHFWHG QHDU URDGZD\V ZHUH VLJQLILFDQWO\ JUHDWHU WKDQ WKRVH FROOHFWHG LQ XUEDQ EDFNJURXQG DUHDV� LQGLFDWLQJ
WKDW�EUDNH�ZHDU�SDUWLFOHV�PD\�KDYH�D�JUHDWHU�DGYHUVH�KHDOWK�HIIHFW�LQ�QHDU�URDG�FRPPXQLWLHV�DQG�SRSXODWHG�XUEDQ�DUHDV�
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6\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV�RQ�WKH�KHDOWK�HIIHFWV�RI�ORQJ�WHUP�H[SRVXUH�WR�XOWUDILQH�SDUWLFOHV�

0��%HUJPDQQ�����3��+DGGDG�7KRHONH���+��-HRQJ���5��.DSSHOHU�����+��$OWXJ���/��2EHUZLQVWHU���+��%RRJDDUG���7��3RKO���9�
6RSSD���.��2JXUWVRYD���0��.XWODU�-RVV�����=��-RYDQRYLF�$QGHUVHQ�
��%��+RIIPDQQ�
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�,QVWLWXWH�RI�2FFXSDWLRQDO��6RFLDO�DQG�(QYLURQPHQWDO�0HGLFLQH��&HQWUH�IRU�+HDOWK�DQG�6RFLHW\��0HGLFDO�)DFXOW\��+HLQULFK
+HLQH�8QLYHUVLW\�'�VVHOGRUI��*HUPDQ\���6HFWLRQ�RI�(QYLURQPHQWDO�+HDOWK��'HSDUWPHQW�RI�3XEOLF�+HDOWK��8QLYHUVLW\�RI
&RSHQKDJHQ��&RSHQKDJHQ��'HQPDUN����6ZLVV�7URSLFDO�DQG�3XEOLF�+HDOWK�,QVWLWXWH��$OOVFKZLO��6ZLW]HUODQG���8QLYHUVLW\�RI
%DVHO��%DVHO��6ZLW]HUODQG���+HDOWK�(IIHFWV�,QVWLWXWH��%RVWRQ��0$��8QLWHG�6WDWHV���+RFKVFKXOH�'�VVHOGRUI��'�VVHOGRUI�

*HUPDQ\�

%$&.*5281'� 8OWUDILQH SDUWLFOHV �8)3� ���� QP GLDPHWHU� PD\ KDYH D KLJKHU WR[LFLW\ WKDQ ODUJHU SDUWLFOHV EXW DUH VWLOO
QRW UHJXODWHG QRU SDUW RI URXWLQH DLU SROOXWLRQ PRQLWRULQJ� 6R IDU� KHDOWK HIIHFWV RI ORQJ�WHUP H[SRVXUH WR DPELHQW 8)3 DUH
QRW�ZHOO�XQGHUVWRRG��GXH�WR�D�ODFN�RI�H[SRVXUH�GDWD�DQG�HSLGHPLRORJLFDO�VWXGLHV�

0(7+2'� :H FRQGXFWHG D V\VWHPDWLF UHYLHZ DQG PHWD�DQDO\VLV RQ WKH KHDOWK HIIHFWV RI ORQJ�WHUP H[SRVXUH WR 8)3�
LQFOXGLQJ VWXGLHV SXEOLVKHG XQWLO 'HFHPEHU ����� 0HWD�DQDO\VLV ZDV FRQGXFWHG IRU RXWFRPHV ZLWK DW OHDVW IRXU DYDLODEOH
HIIHFW HVWLPDWHV� &RQILGHQFH LQ WKH ERG\ RI HYLGHQFH ZDV HYDOXDWHG XVLQJ WKH 2IILFH RI +HDOWK $VVHVVPHQW DQG 7UDQVODWLRQ
�2+$7��PHWKRG�

:H LGHQWLILHG �� VWXGLHV LQYHVWLJDWLQJ YDULRXV PRUWDOLW\� PRUELGLW\� DQG VXEFOLQLFDO RXWFRPHV� ,Q PHWD�DQDO\VHV RI VLQJOH�
SROOXWDQW PRGHOV� ZH IRXQG SRVLWLYH DVVRFLDWLRQV ZLWK QDWXUDO PRUWDOLW\ �KD]DUG UDWLR� ���� >��� FRQILGHQFH LQWHUYDO >&,@�
����� ����@� DQG &�UHDFWLYH SURWHLQ ������� LQFUHDVH >��� &,� ������ �����@�� SHU ������ SW�FP� LQFUHDVH LQ ORQJ�WHUP
H[SRVXUH WR 8)3� ZLWK ORZ DQG LQDGHTXDWH OHYHOV RI HYLGHQFH� UHVSHFWLYHO\� 7KH UHPDLQLQJ VWXGLHV UHYHDOHG RYHUDOO OLPLWHG
HYLGHQFH�IRU�DGYHUVH�HIIHFWV�RQ�D�ZLGH�UDQJH�RI�RXWFRPHV��/HVV�WKDQ�KDOI�RI�WKH�VWXGLHV�DGMXVWHG�IRU�FR�SROOXWDQWV�

&21&/86,21� 7KH HYLGHQFH EDVH RQ ORQJ�WHUP KHDOWK HIIHFWV RI 8)3 KDV LQFUHDVHG VXEVWDQWLDOO\ LQ WKH ODVW GHFDGH� ZKLOH
WKH RYHUDOO HYLGHQFH IRU LQGHSHQGHQW HIIHFWV RI ORQJ�WHUP 8)3 H[SRVXUH UHPDLQV LQDGHTXDWH WR ORZ� 0RUH VWXGLHV DUH QHHGHG
WR GUDZ ILUP FRQFOXVLRQV DERXW WKH LQGHSHQGHQW DGYHUVH HIIHFWV RI ORQJ�WHUP 8)3 RQ YDULRXV KHDOWK HQGSRLQWV� ZLWK D VSHFLDO
IRFXV�RQ�WKH�LQIOXHQFH�RI�FR�SROOXWDQW�DGMXVWPHQW�

)81',1*��7KH�SURMHFW�ZDV�ILQDQFHG�E\�WKH�*HUPDQ�)HGHUDO�0LQLVWU\�IRU�WKH�(QYLURQPHQW��1DWXUH�&RQVHUYDWLRQ�
1XFOHDU�6DIHW\�DQG�&RQVXPHU�3URWHFWLRQ�DQG�VXSHUYLVHG�E\�WKH�*HUPDQ�(QYLURQPHQW�$JHQF\��).=��������������7KH
YLHZV�LQ�WKLV�DUWLFOH�DUH�WKRVH�RI�WKH�DXWKRUV�DQG�GR�QRW�QHFHVVDULO\�UHIOHFW�WKH�YLHZV�RI�WKH�+HDOWK�(IIHFWV�,QVWLWXWH�RU�LWV
VSRQVRUV�
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Non-Tailpipe Traffic Emissions and Airway Dysfunction: Evidence from a Real-World Crossover Study (IONA) 

H. Hajmohammadi1, J. Scale1, M. Priestman 2, L. McIlvenna3, A. Tremper2, G. Chen2, I. de Boer 3, H. E. Wood 3, K.
Katsouyanni 2, D. Green2, I. S. Mudway2*, C. J. Griffiths3* 

1Wolfson Institute of Population Health, Queen Mary University of London, 2Environmental Research Group, 3Wolfson
Institute of Population Health (WIPH) 

Background: Non-exhaust traffic emissions from brake, tyre, and road wear are now major contributors to urban particulate
matter (PM), yet remain unregulated and insufficiently characterised in terms of health effects. These mechanically
generated particles are enriched in metals and contain fine and ultrafine fractions. We investigated whether source-resolved
non-tailpipe particles induce airway dysfunction and immune activation in adults with asthma.

 

Methods:
In a randomised crossover study, 38 adults with mild-to-moderate asthma were exposed during intermittent exercise to three
real-world London environments: a stop–go traffic site enriched in brake wear, a high-speed traffic site enriched in tyre/road
wear, and an urban background control site. High-time-resolution aerosol chemical speciation (ACSM), X-ray fluorescence
(Xact), and positive matrix factorisation were used to quantify PM2•5 and PM10 mass and resolve source contributions,
including brake wear, tyre/road wear, train wear, re-suspended dust, and long-range transport. Respiratory outcomes (FEV1,
FVC and Oscillometry indices), fractional exhaled nitric oxide (FeNO), and nasal lavage cytokines (IL-6 primary
inflammatory endpoint) were measured pre-exposure, immediately post-exposure, and the day after the exposure. Nasal
metals were quantified using ICP-MS as biomarkers of airway particle deposition.

Results:
Non-tailpipe–dominated exposures produced delayed impairments in lung function. Compared with the background site,
FEV1 declined by 140–220 mL at the day after the exposure (p<0.05), with parallel reductions in FVC. Tyre/road wear
fractions were associated with next-day reductions in FEV1 and FVC, while brake wear was associated with increased
small airway resistance (R5–R20). PM10 and tyre/road wear were significantly associated with increased nasal IL-6. 

Conclusions:
Short-term exposure to non-exhaust traffic particles leads to delayed airway dysfunction in adults with asthma. These
findings highlight the emerging health relevance of nanoparticle-rich non-tailpipe emissions and the urgent need for
regulatory frameworks addressing evolving urban PM sources.
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