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Impact of a Dust Event on the Size Distribution of Metal Elements in

Atmospheric Aerosols at a Coastal Region and over the Ocean

JIN Tong-jun', QI Jian-hua'*, XI Zi-yan', LIN Xue-hui’

(1. Key Laboratory of Marine Environment and Ecology, Ministry of Education, College of Environmental Science and Engineering,
Ocean University of China, Qingdao 266100, China; 2. Qingdao Institute of Marine Geology, Qingdao 266100, China)

Abstract ; Size-segregated aerosol samples were collected in the Qingdao coastal region and over the East Sea and the Pacific Northwest
from March to April in 2016, and the concentration of metal elements (Al, Na, Fe, Mg, K, Cu, Pb, and Cd) were analyzed. The
characteristics and the variation in the size distribution of the metal elements in the samples during dusty weather were discussed, as
well as the sources and factors that influence the metals. The results indicated that the concentration of Al, Fe, K, Na, Cu, and Pb in
the aerosols in the Qingdao coastal samples increased significantly by 85% -1400% , while the concentration of Cd decreased by 8% ;
the concentrations of Al, Fe, K, Cu, Pb, and Cd in the samples over the ocean increased by 163% -4 580% , while the concentration
of Na decreased by 62% during dusty weather. In addition, the size distribution of K changed from a double-peak to a coarse peak
mode ; that of Pb and Cd changed from a fine peak mode to a double-peak distribution. Cu still presented a double-peak distribution in
which the proportion of coarse particles increased; Al, Fe, Mg, and Na showed little variation in their size distribution with a single
peak in coarse mode. The dust event had different effects on the size distributions of the metal elements in the coastal and marine
aerosol samples. The size distribution of the metal elements (Al, Fe, Mg, Na, and K) in the aerosols collected at the Qingdao coastal
site had one peak of 2. 1-3. 3 pm during dusty weather; the peak moved to 3. 3-4. 7 wm for marine samples. In addition, the proportion
of Al, Fe, Mg, Na, K, Pb, and Cd in the coarse mode decreased by 1% -35% for dust aerosol samples collected in Qingdao coastal
region, whereas the proportion of these metals in coarse mode increased by 4% -33% for samples collected over the East Sea. This
difference may be related to the hygroscopic growth, transport path, and height of the dust.

Key words:dust; Qingdao coastal region; ocean; aerosols; metal elements; size distribution
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Table 1 ~ Sampling information for the atmospheric aerosol samples
HE R 5 R RIFITIS TR B JUR TR A
55 160308 2016-03-08 ~2016-03-09 1400 36.01°N  120. 36°E 5.0 3 39
H 5 160314 2016-03-14 ~2016-03-15 1575 36.01°N  120.36°E 3.1 5 55
H I 160325 2016-03-25 ~2016-03-26 1468 36.01°N  120. 36°E 2.3 6 25
T % 160404 2016-04-04 ~2016-04-05 1599 36.01°N  120. 36°E 2.7 11 44
i 160414 2016-04-14 ~2016-04-15 1504 36.01°N  120.36°E 3.8 18 58
H 5 160423 2016-04-23 ~2016-04-24 1405 36.01°N  120.36°E 2.7 17 26
W 160321 2016-03-21 ~2016-03-25 4320 31.0°N ~34.0°N 120. 6°E ~137. 2°E( A ifF) 8.5 13 79
1R 160325 2016-03-25 ~2016-03-27 1125 31.6°N ~32.2°N 137.4°E ~144.6°E(P§K) 10.4 16 73
TR 160401 2016-04-01 ~2016-04-07 4235 32.0°N ~38.5°N  146.4°E ~149. 7°E(P§K) 11.0 11 72
W 160408 2016-04-08 ~2016-04-17 4500 33.4°N ~39.2°N 146.6°E ~150.2°E(7§K) 13.5 14 77
W 160417 2016-04-17 ~2016-04-20 1760 32.0°N ~33.4°N 141.5°E ~146.5°E(7§K)  10.3 18 78
TR 160420 2016-04-20 ~2016-04-24 4260 31.0°N ~32.5°N  126.4°E ~141. 0°E( G K) 7.1 18 74
W 160424 2016-04-24 ~2016-04-25 2310 32.6°N ~36.0°N 120.5°E ~126. 3°E( 4ifF) 2.6 15 70

1604247 PIATH BOFE il 52 BIVb A2 AR E . R
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El1 2016 F£4 A 23 HES(36.01°N, 120.36°E) #12016 5 4 A 24 H&RIERH S (32. 60°N, 126. 30°E)48h SH /5 mHi%

Fig. 1

The 48-hour air mass backward trajectory for Qingdao(36.01° N, 120.36° E) on April 23, 2016

and the East China Sea site (32.60 °N, 126.30 °E) on April 24, 2016
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Table 2 Concentration of the metal elements in the atmospheric aerosols collected at the Qingdao coastal site

and over the ocean from March to April 2016

PN X TH EONE] f/ME THE o T < o R AN A LE 51/ 9%
Al 2.6790 0.666 0 1.4220 36. 12
Fe 2.0266 0.766 0 1.3842 35.16
Mg 0.5322 0.243 1 0.3755 9.54
p— Na 0.899 4 0.009 6 0.2798 7.11
K 1.0859 0.0744 0.4431 11.26
Cu 18.6 6.7 10.0 0.25
Ph 34.6 121 21.2 0.54
N Cd 1.3 0.5 0.8 0.02
Al 0.396 1 0.1530 0.2719 5.03
Fe 0.3534 0.076 5 0.2101 3.89
Mg 0.860 1 0.2847 0.5039 9.32
. Na 6.7445 2.6847 4.1457 76.67
i K 0.386 1 0.0978 0.2672 4.94
Cu 4.0 1.0 2.8 0.05
Ph 13.1 1.9 5.4 0.10
Cd 0.6 0.1 0.2 0.00
Al 21.442 1 21,4421 21.442 1 44.75
Fe 11.9952 11.9952 11.9952 25.04
Mg 4.2124 4.2124 4.2124 8.79
- Na 3.5573 3.5573 3.5573 7.42
K 6.6067 6.6067 6.6067 13.79
Cu 18.5 18.5 18.5 0.04
Ph 79.5 79.5 79.5 0.17
s Cd 0.8 0.8 0.8 0.00
Al 12.7323 12.7323 12.7323 44.77
Fe 7.590'5 7.590'5 7.590'5 26. 69
Mg 2.5229 2.5229 2.5229 8.87
W Na 1.5799 1.5799 1.5799 5.56
i K 3.9846 3.9846 3.984 6 14.01
Cu 8.5 8.5 8.5 0.03
Ph 19.2 19.2 19.2 0.07
Cd 0.6 0.6 0.6 0.00
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Fig. 2 Concentration of the metal elements in the marine aerosols during non-dust events
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Fig. 3 Concentration of the ratios of the metal elements in the
aerosol samples collected at the Qingdao coastal region site and

over the sea from March to April 2016
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ZRNYD A R )R TT T R AL
Fe, K A9 0T & V¢ B W) AF 1 38 35, LA 43 50
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Fig. 4 Size distributions of the metal elements in the Qingdao coastal aerosols samples during non-dust weather
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Table 3 Enrichment factors of the metal elements in the aerosols collected at the Qingdao coastal region site

and over the sea from March to April 2016

WiH AR/ wm
<0.43 0.43~0.65 0.65~1.1 1.1~2.1 2.1~3.3 3.3~4.7 4.7~7.0 7.0~11.0 >11.0
Fe (*F14) 1.1 3.8 1.5 1.3 1.3 1.3 1.4 1.4 1.7
Mg(F-#4) 0.6 — 0.2 0.4 0.5 0.7 0.7 0.7 0.7
. Na( 75 & 160308 ) — — 27 23 9 4 5 1 —
E EF. Na (F35) 0.7 4.7 0.5 1.1 1.0 0.7 0.7 0.4 0.1
i WE K (T8) 8.0 38.1 6.3 1.3 1.0 0.9 0.9 0.6 0.6
" Cu(F44) 83 278 57 20 7.5 4.7 4.8 4.1 7.2
Ph(F3) 4532 6796 529 104 25 12 3.6 — —
?f Cd(F5) 4784 16 505 3262 965 234 68 49 9.2 18
& Fe (3F44) 0.2 0.9 0.7 1.0 1.2 1.2 1.4 1.1 1.0
ZE Mg(“F3) 7.6 0.8 1.2 3.0 3.7 4.7 6.8 5.3 3.3
Na(F35) 111 46 20 35 40 52 67 65 43
_ EFyy K(FH) 5.4 25 7.2 3.4 2.6 2.9 3.9 2.3 1.5
ﬁ Cu(F44) 16 102 32 13 7.3 10.0 8.1 8.1 15
Ph(F7) 103 1201 545 173 48 25 30 27 32
Cd(F15) 895 4722 1935 759 279 148 62 26 40
BFy Mg (V1) 0.8 0.2 0.7 1.0 1.1 1.1 1.1 1.0 0.9
UK OEY) 1.2 12.8 8.6 2.3 1.5 1.3 1.2 0.9 0.8
Fe (%5 160423) 0.8 0.8 0.7 0.8 0.8 0.8 0.8 1.0 —
Mg( 75 & 160423) — 0.3 0.5 0.5 0.5 0.5 0.5 0.4 —
#H Na (%5 160423) 2.5 2.5 0.6 0.4 0.5 0.5 0.6 1.1 —
j‘% EFyyz: K(H 5 160423) 5.6 1.7 1.2 1.2 1.2 1.2 1.1 1.1 —
e Cu( H 1 160423) 21 2.7 0.9 0.4 0.9 1.7 2.6 2.0 —
Ph( % 160423) 2324 572 26 3.7 2.5 2.1 — — —
W Cd(F & 160423) 530 245 70 10 4.4 6.3 13 8.3 —
A Fe(M7E 160424) 0.9 0.8 1.1 0.9 0.8 0.8 0.9 0.9 0.9
;E Mg (7 160424) — — 0.3 0.5 0.5 0.5 0.5 0.5 0.4
Na(VE7E 160424) 1.5 — 0.1 0.3 0.4 0.4 0.5 0.3 0.3
‘ EF s K(HEFE 160424 ) 0.9 2.5 1.3 1.2 1.2 1.2 1.2 1.1 1.0
f’Z Cu(VETE 160424) 4.3 15 6.1 1.0 0.7 0.7 0.7 1.0 0.8
Ph (7 160424 ) 67 350 165 15 4.4 3.2 3.2 3.6 4.7
CAd(ETE 160424) 314 942 414 56 17 7.4 3.2 28 —
BF Mg( HEVE 160424 ) — — 27 22 13 13 11 20 19
K (7 160424 ) 14 — 219 107 65 68 55 90 89

1) “—" FIRI M ICER F i AR T AR

K. Cu 20 B MBS0 6, F8AE 0.43 ~

0.65 wm M 3.3 ~4.7 pm BB b BEAE (1K
4), 1%5 Horvath %" 75 B b 1) 4k .44 3 X A AF 5T
iR —3. W K, Cu 7EANRI AR IE(E BE 1Y
EF . KT 10, WEHDRL T B/ 10, XUt B 4ikE
THI K, Cu B AR BUE 4, (BB T Y
K. Cu FEk A ARIE. SAHMIE FRE LAk
T K TR E 2RI T A8l (35 Tk g
SR AEYIBAGESE ), TORDRL 7 B Ry KOO

HIEF AP 5 AR b Cu FEE 1 48 0 T
AAILB 3 55 A IR, TPRDRE 7~ B A Cu NUDRJE ™
iz, Hohafhihse XA SE A SRR SOf a4 1 IR
SENFRIE . 8 1603257 B K vk
= E T HARE 5 , X JE R ks E (https ://firms.
modaps. eosdis. nasa. gov/map/) {7~ B I RE
S TR) UL o5 5 B DT 52 25 ) TSR o 5552 i)
HR.

Pb, Cd FZ 2 HABE I A, Wefh i HAE
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Fig. 5 The 48-hour air mass backward trajectory for Qingdao(36. 01°N, 120. 36°E) during non-dust weather
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W AE T R B AL F B 7 S R b, RASURL T E J04E
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Fig. 6 Size distributions of metal elements in the marine aerosols samples during non-dust weather
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Fig. 7  Size distribution of metal elements in the aerosols collected at the Qingdao coastal region site and over the sea from March to April 2016
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