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Abstract: Exhaust emissions from motor vehicles and dust stirred up while driving are important
components of aerosols, which have a significant impact on the environment and human health.
To examine the physicochemical properties of particulate matter associated with motor vehicles,
single particle samples of aerosols were collected from a main road with heavy traffic flow (point
| ) and a campus road a certain distance away from the main road (point [[ ) in Qinhuangdao
City. The morphology and elemental composition of the particles were analyzed by a scanning
electron microscopy with energy dispersive X-ray spectroscopy (SEM-EDX). The results show
that the particle number fraction of dust particles at point [ is 47. 1%, much higher than that at
point [[ (27.1%), which mainly comes from motor vehicles’ exhaust. The statistics show that
the particle number fraction of spherical fly ash particles in the non-carbonaceous particles at point
I is 8.0%, which is higher than 2. 5% at point [l , which may come from motor vehicles’
exhaust. Among all the irregular mineral particles, Si-rich particles at both points account for the
largest particle number fraction (51. 8% at point | ; 62. 1% at point [[ ), possibly indicating a
source from surface dust. However, the particle number fraction of Fe—dominant particles at point
I (13.4%) is significantly higher than that at point [[ (6.3%). Fe—dominant particles produced
by the wear of motor vehicles’ brakes may be an important source of Fe in the atmosphere.
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Fig. 1 Geographic location of sampling sites (Tencent maps)



134

AR F (8 XA FR)

% 46 %

AR S e ] Minivol (AR PM, SRAT: .
RALLRIE B 2494 1.5 m, - EPRIAR R 2.5 um. 15

FEN3~4h20234E10 H2 HES H 76807 R4
HIRES L 10 9 B 2 11 HAES AL T EFRAE

ERAERR A S L/min, JERSET Millipore 47 mm B REGCSRAEEEMK S B3 1R,

FRTRIR LR LA R 0.67 wm , RAFFFLLIT ]

F1 HRREER
Table 1 Sample collection information
REEE MRS KHEH SRAFEMT ] IEPC  HXHBEE/%  PM, J/(ng'm™) SJE/KkPa
Al 2023-10-09 16:30—19:30 16 73 24 101. 8
JEAN| A2 2023-10-10 16:07—19:07 17 67 28 102. 1
A3 2023-10-11 16:30—19:30 18 68 46 102. 1
Bl 2023-10-02 15:22—18:22 20 51 27 101.2
S B2 2023-10-03 15:07—19:07 22 56 24 101.0
B3 2023-10-04 12:38—15:38 20 56 19 101. 4
B4 2023-10-05 12:00—15:55 17 34 8 101.9
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Fig.2 Morphology and elemental composition of dust particles and organic particles
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Table 2 Particle number fraction of single particle

T v g s BT EE Y%
R Frahdis R LR AL T TR
Al 258 55.4 12.0 32.6
JtivAl| A2 260 47.3 15.8 37.0
A3 223 38.6 18.8 42.6
Bl 101 20.8 17.8 61.4
- B2 163 28.2 18.4 53.4
B3 164 28.7 17.1 54.3
B4 230 30.9 14.8 54.3
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Fig. 3 Morphology and elemental composition of fly ash and irregular mineral particles
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Table 3 Types of elemental enrichment of irregular mineral particles

— (BT i o385 P I HAPRIE2ZE ) /% VIR bAS R & O
paeiAll Al VA B VA | ST A BT VAl ||
Siffi  Si(84.3+10.5) Si(90+7) 12 24 47 6.9
SitAl  Si(45. 4+8. 6), Al(25. 86. 9) Si(41. 9+7. 7), Al(27. 1%6. 6) 71 128 28.1 36.7
Si+Na  Si(37. 9+10), Na(23. 5+4. 2) Si(41.249. 5), Na(24. 8+4.6) 23 35 9.1  10.0
#Si  SitCa  Si(31.5+7.5), Ca(20. 9+3.7) Si(34. 746. 2), Ca(23+5) 12 13 4.7 3.7
SitMg  Si(33. 7+4. 7), Mg(23+3. 9) Si(35. 8+10. 7), Mg(26. 2+9) 6 12 2.4 3.4
Si+Fe  Si(36. 314), Fe(18. 7+4. 6) Si(35. 3+7. 8), Fe(29. 9+4. 5) 6 5 2.4 1.4
Si+S  Si(24.4), S(17.9) — 1 — 0.4 —
Caffii Ca(86.8+9.9) Ca(82. 3+9. 4) 13 19 51 5.4
Ca+Si  Ca(43.5+10), Si(23+5. 3) Ca(42. 5+11. 4), Si(23+5. 7) 14 24 55 6.9
#Ca CatMg Ca(36.4+10. 8), Mg(33. 5£10.7) Ca(43.648. 1), Mg(37.247.7) 10 5 40 1.4
CatS  Ca(42.2+4. 1), S(29. 6+5.2) Ca(53. 4+7. 6), S(37. 6+4. 6) 6 5 2.4 1.4
Cat+ Al — — 4 6 1.6 1.7
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Fe Jfi Fe(85. 2+8. 9) Fe(84. 8+8. 4) 34 22 13.4 6.3
Fe+Si Fe(47. 5+5.5), Si(17.7+5.5)  Fe(41. 6210. 6), Si(23. 1£4. 3) 4 6 1.6 1.7
T Fe FetCu  Fe(42.9+6.5), Cu(16. 4£2. 6) — 4 — 1.6 —
Fe+Ti Fe(46. 9£8. 9), Ti(19+2. 6) — 4 — 1.6 —
Fe+HAth — — 2 4 0.8 1.1
Al Al(82. 8+8. 8) Al(91. 3) 3 1 1.2 0.3
WAl Al+Si Al(44. 5£4. 1),Si(40. 6£2. 5) Al(45. 1£6. 5), Si(40. 6+5. 5) 6 14 2.4 4.0
Al+Fe — Al(56. 4), Fe(26. 6) — 1 — 0.3
Na Jit — Na(79+11. 1) — 5 — 1.4
Nat+Ca  Na(23.9£0.6), Ca(21.2+0. 1)  Na(27. 6+5), Ca(25. 9£5. 7) 2 2 0.8 0.6
Na+Si  Na(22.2), Si(19. 4) Na(28. 7£6. 9), Si(20. 6=0. 7) 1 4 0. 4 1.1
& Na Na+S Na(40. 4), S(18. 6) Na(41. 8+0. 5), S(27. 2+3. 8) 1 2 0.4 0.6
Na+Ti  Na(2l.8), Ti(17. 9) — 1 — 0.4 —
Na+Mg — Na(41. 7+15), Mg(19. 1£2. 6) — 2 — 0.6
Na+Cl — Na(52. 5+4. 8), C1(25. 7£12. 1) 2 — 0.6
Mgfii  Mg(100) Mg(96. 2+2. 8) 1 3 0.4 0.9
Mg MgtCa  Mg(50. 9£0. 1), Ca(49. 1£0. 1)  Mg(50. 4+1. 3), Ca(46. 7=1. 5) 2 2 0.8 0.6
Mg+Si  Mg(30. 9+0. 9), Si(25. 6£1.5)  Mg(38. 2), Si(29. 9) 2 1 0.8 0.3
oAt — — 8 2 3.2 0.6
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