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A G E H Characteristic study on the chemical compositions in urban suspended fine

particles during allergenic pollen scattering period
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Ambient air in industrial and urban environments is constantly receiving fresh emissions of ultrafine particles
from the anthropogenic sources, such as vehicle emissions and atmospheric photochemical reactions. To analyze the
atmospheric characteristics of Shanghai and Tokyo area which as two typical metropolises in Asia, ambient particulate
samplings were collected by one high-volume sampler with 5 different sizes (PM, ;, PM, 1,0, PM, 053, PM; 554, >7.0 pum
particles) during the spring period, 2017. Pollen allergens defined as main bio-aerosol component, water-soluble ions
and elements as the inorganic part and polycyclic aromatic hydrocarbons (PAHs) organic contents were measured to the
distribution and the probable sources in 5 different - size ambient particles.

Platanus acerifolia which are planted in large quantities on the roadside of Shanghai were investigated to the main
source of allergenic pollens with Pla al, Pla a 2 and Pla a 3 allergens. To explore the atmospheric distribution of Pla
a 3 which measured as the typical pollen allergens in Shanghai, a specific IgE antibody for Pla a 3 was prepared from
rPla a 3- sensitized rats. ELISA results demonstrated that the pollen scattering period were concentrated in mid-March
to mid- April in Shanghai. Pla a 3 was first time to measure the main distributed in the content of pollen and could be
released by the high humidity condition. The total proteins in Shanghai were main distributed in PM, ; while the Pla a
3 were distributed in 5 species particles especially in the coarse particles (>7.0 um). In Saitama, the primary allergenic
pollen are main from Japanese cypress since March. Surface plasmon resonance (SPR) results indicated that the
allergens in 30m height point might be suffered more allergens. The main pollen scattering period was nearly same to
that in Shanghai and could be last to May. Moreover, 8 species water-soluble ions were measured by IC system and 23
species elements were measured by ICP-MS system and this was the first time to measure these inorganic contents in 5

stage size-segregated fractions. The average ionic concentrations in ambient particles were 33.6 ug/m’ in Shanghai and



5.51 pg/m’ in Saitama and the ionic contents which indicated that water-soluble ions were important contents in ambient
particles, especially in PM, . NH,", SO,” and NO, were almost accumulated in PM, , instead of PM, , ,,and existed
as secondary particles of NH,NO,, NH,HSO, and (NH,),SO,. Ca™", Na" and Mg*" which nearly all form the crustal
sources were relatively located in the coarse particles. Na'/Cl” molar ratios results indicated that excessive Cl” ions may
come from coal combustion rather than sea salt sources. In PM, ,, the ion balance values in Shanghai and Saitama were
always nearly to 1.00 which indicated that these 8 species ions were the main contents in PM, ,. The ion balance in
coarse particles of Saitama were over1.00 and almost over 1.00 in Shanghai which might be explained by the assembled
of the crustal original ions. High ionic ratios of NO,/SO,” and NO,/SO, were indicated the strong contribution of
vehicle emissions were not only in PM, ; of Shanghai and Saitama. In addition, ionic contents not only facilitated pollen
breakage but also could be affect the distribution of pollen allergen in ambient particles. The size range of Platanus
pollen suspended particles mainly was distributed from 1.0 to 0.1pm while Pla a 3 were main located in the coarse
particles. These results suggested that Ca>*, NH,", and SO, promote pollen rupture to release SPPs, but the function of
these ions was significantly affected by the pH conditions.

The great proportion of elements were main located in coarse particles (>7.0um) with the great contributions from
crustal elements while the trace elements were trend to distribute in PM, ,. EFcs values in PM, , of Shanghai and
Saitama were indicated that nearly all trace elements in PM, ; were mainly originated from anthropogenic sources.
Kinds of elemental ratios in PM, ; were represented the air pollutants were caused from different sources, such as coal
and oil combustion, diesel and gasoline vehicles. Backward trajectories of air masses also showed that the long-range
transportation of polluted air masses is also an important factor to air pollutions. 16 species PAHs in ambient particles
with 5 different sizes of Shanghai and Saitama were measured by GC-MS system. PAHs in Saitama was more stable
than those in Shanghai, about 50% proportion of PAHs were distributed in PM, , with the great contribution from the
HMW PAHs groups. Diagnostic ratio method is to identify the PAHs sources involves comparing ratios of pairs of
frequently found emissions. In PM, , the species ratios results showed that the main sources in Saitama might be from
vehicles traffic emissions while those in Shanghai might be from the coal combustion and vehicle traffic emissions.
The trace elements in PM, ; were more harmful than those in PM, ,,, and only in some sampling case have some health
effects in Shanghai. The TEFs of total PAHs in Shanghai were 0.424 and about 5 times higher than that in Saitama.
The toxicity is main from the HMW groups and BaP is the most toxic PAH. Pollen allergens could be also affected by
species ionic contents to improve the release and increase the allergenicity which could increase the risk of sensitization.
High levels of ambient particulates were transported by the air masses from northwestern of China, companying with
local heavy traffic and local industries. Another pollutant source that cannot be ignored was ship emissions from the
ocean. In summary, allergenic contents in Saitama were higher than that in Shanghai and the allergenic particles were
main located in PM1.1 of Saitama, the water-soluble ions, elements and PAHs in ambient particles of Shanghai were
about 5 times higher than those in Saitama. Compared to PM2.5, water soluble ions, and PAHs were main located in
PM1.1 with the main anthropogenic sources such as, vehicle emission was the most important sources of Saitama while
coal combustion and traffic emissions was the main pollutant sources in Shanghai. This thesis was the first time to show
the characterizations of species ambient contaminants in Shanghai and Tokyo area during the pollen scattering period

and can make some contribution to environmental pollution and improvement.
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YRR RALE, SRR LORESESITEET H 1 9 HIZAMTREL. #4550%%
D, RERRIOHT 5 P MEE A A7V FIRONEE BRI L 20 WIS, MBAMRCONE &5
FEEbIT, FRLEEOMRE BT 5.

B1ETIE e LTHIROTREHMIZOWTRAB LTS, BfE, #HHRAGEGRE L CRER 1
RV O E T - TW A, FRICIER RN B W T, KEGFER T-IRWE A6 7 LIV 7 k112
LB IPRERORBSCENBE I N TS, 720 PEO—BOHFTORGBMA T L LTirbh T
E72h ZOALFHBICE T A2 AT AT Tho7ze £ Ty ABIZETIZ, HE RO XA 7
/% (Platanus acerifolia) TEREI &L HAR S W2 T H DAY (Cryptomeria japonica) Rt / ¥ (Japanese
cypress) AEMABAEN BT, FHTBRE T OFRER IR % 5 BFE# (PMyy, PM, 20 PMygzs PMsy
o >70um) WCCHEL. BEREMT LV V. 44 Vil RS FEERILKEE (Polyeyclic
aromatic hydrocarbons; PAHs) OBJEZILRB L LI ETHHDTH S,

28T, 2017 SERFICBWTC, WEEHBHOAX 7 ) BT LLVY Y (Plaa3) EHARSWF
TWOAFIMT LV Y (Cryjl) EZOIEHEET LVY Y 2FHIL. 25 of8ERIC BT 518k &
TLIVE Y ORBESHZME L2 LT OALHr 7 FEBOREE — 2713 2017 4E 4 Apicilz, %
BERL AR E P D Pla a 31301 THIFE S N5l TBIW S N, Plaa 3 % &H T 285013 PM,, I2H 5
WEnzp, FISHAR T G70um) ICHFELTWDE I EDRGhole —H. AF L FRBOMREL
—Z73ENEN3I AL 4 AIBIIS, D Cryjl & ZOMPUEET LIV v idFE e LU (F1
AIEPM) CEEFNTWDE ZE295D o720 TIUTARBEE T 7213 KR DD 7 BT OERREI T,
T VT VG ERT DSNRRANEAT S 2 W REE I e B 2 EAVRIE L T %,

5 3ETIE, ABHT RGP OFER IR E P OWBILFWE TH DA+ Vs U A rux 757
4 =) L&EB GREMG 77 A~ Emaoiid) ICTEL. TN ORAFICOVTHELZLDTH
b0 AF VETIIERRAEN ST LV ORI EFRT 2 0B I ND 720, ZO LNV AT
52 LIIEETHD, FAELESBRETIREBEEEND L720, TROOFAEFREDL KOS T
bo AWEGE T, g R O Rk IR E b o> 23 B &8 e Ak IR E ((NH) ,S0,
NHNO; % &) Z2&OEBILPWE L) miRECRtll Sz, & 512, BRI (EFcs) & RBIM%MR
V2 & BRAEPIRAT OAE R TIE. PM,,, PMy 0 TOSIEREE & UCTHMREE. BENEHRST AL fRBRIE
WA B M & O R E o KRS - B d —K LN S hiz,

54T, #HERRE T OFER T IRWE P ICE TN TV RT R EREN 2 AT 2 AL
Th 5 HEERFAKFER (PAHs) 2 GC-MS ¥ A F AIZTHIE L, 215 DO L X)L RFEFRIZOWT
fEHT L72b D TH %, 135D PAHs OEEIL 5 BRE 5% (PMyy, PM, 20 PMygas, PMszzp >7.0 um) 12TE
NENEHI S NAER, 50% L Eo PAHs I PM, KEENTWBE I L2 WS 8Nz, F72 PAHs Dt
FEL NIV 171 ~ 120 ng/m® (Ei#El) . 087-1.16 ng/m® (S F1i) THY. LilHio A BaP 2130
HE L5 BRUEOEST (HMW) % PAHs %A Y UMD TEHWI 5, ZR5ORERENES



ENTVD, AFFEDRERICE TN T, TS O PAHs ZKE T TRFFABROEHNZ T UZL T LR AL
B~ OFER DB O HIRIC S S FEE L TW b, Lz > T KA PAHs ZllEL. E1
SO, M CEERERZERL TN I L, b bAORERELZIELSGHEL, PETORKRG
YA 2B LD 72OICEETH b,

55 BT, AR R RS R KW E O f FEALF R OEKFE ROV THRF L2 DO TH
%o PAHs O IIEHEEREMNEZ AT 5 ORI T TOALFEIS, AMRAHIC X0 FEARN 21
L. DNA#HZ D =5 TRIIMEZ KT 2 2 & THMWEAREEZRT D OPH 5, WHO ORI T »#isk
FeB (International Agency for Research on Cancer (IARC)) &, 4 YoV DH 5L WE &k
L. & MCRT2HEY O EL M - 2L T T, PAHS ISHT 25 i b 17> T b, REFZETIL,
% PAHs O#HM: %5l 4 5 72012, wMFEl4R% (Toxic Equivalency Factor; TEFs) & #P:4#& (Toxic
Equivalency Quotient; TEQ) & & ZH\W/zo T XTOFBE TS5 B, 6 3 PAHs 2 & Hef) L CTEHMEAE AT
B R B D > 720 Tz, BEFFMIC L D LHERRTTE O PAHs @ TEFs & 0424 £ & 0. Swick
T 5 5 FEE b B2 > 720 BaP 2%k b 52 %53 % PAHs Tld 7% <. DBJai]P. DBallP. B[jJAC
PHENDFGVPRECZ ERDh oz Gt T AMIHEET 5 PAHs b &0 T, X FR#ll 2 KRG HD
RUZHR T H L IFHEETH A )0 FRRAIFERN T (PM,,, PM, 1,0 T OS5 23tk fakk
388 (Integrated hazard index (HI)) &Z8A5AME D) 2 2 (The carcinogenic risk (TCR)) @Mz X 1,
PM,,, PM, 4 (213 AL As, Cd, Cr, Mn, Ni, Se, V, Co %2 EOEBEG R ZENTWE 2 EbHo T, &b
O TEWWEEEY R 27 H3E0 b7z,

HoemTIiE, BIEE LT, MELEBHOA XS 7 F (Platanus acerifolia) TEHMREIAE HA S W2 %
DA X (Cryptomeria japonica) Rt /) ¥ (Japanese cypress) LR MBEINIZ B VT, Hd &l K& 0 3
WARWERCEENTN L, BT VLT v 44 Vo &R R ERIKERE (Polycyclic
aromatic hydrocarbons; PAHs) OBhE% fA L 7z45 %, HEOMIHHICB VT, PM,, UM TIC X ) B3k
DEWREAGFWEAPBI I N TN D 2 b, KRGS & AERER R E I X 210 2% AERRE R M0 2
REB L DO FORELENE 2 S, HRH OB X 2530585 ARD 5T b,

DLEICER L2 X912, Rcid, E LT OB REGNIC BT 2 KABIIEEMHTTH ). KA
YA EALEYE & AERHE RN OHITER R X 5 Ty TEBME DO FE MR 3R B 2 & AR EEIZ O W
TEZ7ANV—FHEICI VBTSN TS, M2 T, FELBHOAXA 7 FOET LIV Y E HAD
AERE ) FMT ULT Y OIEPEEEIEZ SND 2 e 5, Hile KAGEWE L LM By 27 A
ANOYEHRD S, ZI S OFMAMIEA T .

AREALE U b B NE % 2 M D47 (International Journal of Environmental Impacts. Atmospheric
Environment) ({2242 L. 3 H O % EBZ44755 Environmental Science and Pollution Research (24585 L .
BRI THD, TNOHDOFRICE ), FURLOEABLESBEO—HEERLTIIIAKINLZ LIS
%505 S HICEREMANMOFMENDOERMHIMET SN T N5, Lo T B AGRLHEATZHRIIBVT,
Rt (T%) OFMERGTHICHEDLVHNEEMATWL EHB L, AL HE L.





