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Summary

Atmospheric and precipitation samples were taken at Niigata site (urban region which is in
Niigata-city) and at Kasabori site (mountains area which is in Sanjou-city) in Niigata Prefecture
during the period from August, 2005 to May, 2006. Polycyclic aromatic hydrocarbon (PAHs) of
19 substances were determined by using the pressurized liquid extraction (PLE) method and
GC-MS to investigate the behavior of PAHs. New collection method of combining Quartz fiber
filter paper (QFP), ENVI-C18 disk (C18) and Active carbon fiber filter paper (ACFP) was
employed for collecting atmospheric PAHs in this work.
The following matters have been mainly clarified from this work. (1) The atmospheric
PAHs having more than 5 rings were collected by QFP for 89.8~100 %, the PAHs having 4
rings were collected by C18 for 58.0~72.3 %, and the PAHs having 3 rings were by ACFP
for 41.6~73.6 % (though low recovery of PAHs having 3 rings in winter). (2) The annual
average concentration of PAHs is 21 ng/m’ at the urban region and 9.9 ng/m’ at the mountains
area. In winter and spring, similar concentration level of total PAHs were found between at
the urban region and at the mountains area. On the other hand, in summer and autumn, the
concentration of total PAHs at the urban region is 4~6 times larger than that at the mountains
area. (3) PAHs amounts in precipitation increased in winter at the mountains area. (4) The
PAHs composition ratio in precipitation showed two composition patterns (i.e. in case of (I)
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summer and autumn, (II) winter and spring) at 2 sites in Niigata Prefecture. (5) Both the
concentrations of PAHs in air and those in precipitation increased in winter, but no clear
correlation was observed between them by correlation analysis.

Key words: Polycyclic aromatic hydrocarbon (PAHs), Atmospheric and precipitation samples,

Niigata Prefecture, GC-MS
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Fig. 1 Collection method of atmospheric PAHs
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Fig. 2 Comparison of PAHs recovery with 3 sampling methods in air samples (The method (A) is assumed of

100 %.)
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Fig. 3 The relative adsorption of atmospheric PAHs concentration collected with quartz fiber filter paper,
ENVI-C18 Disk and activated carbon filter paper
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19PAHs @ H1C & #e I B o 8 A2 > 72 PAH 1 AcPy
Acp, Flu, Phe, Fluor 2 U Pyr T, 2N 5D 6 HED
S 19PAHs (26 2 B &1 "Bk OEZF T 4%, B
ZE=TI1.0%, £ZFET89.3% K UMFHZETI.9% TH -7z,
ST O B TI390.3%, Bk F T84.0%, & F T
93.8% M UFZETI2.9% TdH - 720

3. 4 X% Benzolalpyrene iBE

Benzo[a]pyrene (BaP) ix PAHs ®H T & FHa1E 0%
RFEEZRL, & SICNGIRBEEEH O ORW Y
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Table 1 Seasonal average concentration of PAHs at 2 sites in Niigata Prefecture [ng/m’]

Nigata (n=20) Kasabori (n=00) Detection mt
summer autumn vinter spring summer autumn winter spring

average S0 average S0 average S0 average D Javerae SO average SD average SD average SD  JQFP (18 ACFP
AcPy 1609 1127 203 2550 0557 0209 0464 0623| 0190 0129 0340 0204 0521 0168 0091 0050| 0014 0052 0041
Aep 6078 330 2752 1436 3807 135 1435 026| 0621 0364 0215 0095 478t 1914 0642 0432| 0356 0880 0043
Flu 6592 4200 5345 1860 11952 2036 3648 0636| 1245 0897 14B4 0737 13470 4210 2260 0827| 0573 0855 0264
Phe 5990 4083 7051 3437 BI0f 1677 3360 1873| 097 0404 1266 0367 3506 1245 3148 4698| 0014 0007 3362
Anth 019 0112 0149 0152 0477 0230 0124 0122| 0095 0087 0013 0020 0405 0412 0216 0326] 0012 004 0138
Fluor 250 134 1993 0649 2318 0210 1342 05%| 0661 0661 0589 0188 1245 0290 0708 07| 0006 0009 0692
Pyr 0904 0428 0867 0204 0991 0167 0564 0242| 028 0093 0314 0082 0463 0126 0530 0631| 0003 0007 1229
BaA 0093 0040 0116 0054 019 0032 0078 0039 0020 0008 0045 0011 0082 002 0024 0013 0003 0002 <0001
ChriTh 0208 0118 023 008 0331 0039 0153 0070 0046 0024 0075 0004 0173 0040 005 0044 0001 0001 <0001
BFBOF 0200 0099 0305 0109 0M6 004 0138 0088 0051 0027 0120 0020 0210 0047 0059 0042{ <0001 <0001 <0001
BKF 0085 0040 029 007 0184 0027 0035 0036| 0025 0010 0123 0027 0081 0037 002 0016[ <0001 <0001 <0001
BeP 0201 0091 0326 0122 0460 0036 0180 0108 0036 0029 0117 0018 0225 0055 0069 0051 | <001 <0001 <0001
BeP 01220031 0203 0086 0269 0063 0103 0O048| 0034 0015 0118 0105 0125 002 004 0027( <0001 <0001 <0001
ledP 0138 006 0179 0084 0248 003 0087 0036| 0033 0014 0066 0007 0102 0032 0031 0021| <0001 <0001 <0001
DBlah(ac)A 0032 0017 0024 0014 0046 0022 0009 0005 001 0007 0009 0014 001 0005 0003 0001| <0001 <0001 <0001
BehP 091 0073 0311 0128 0312 0051 017 0O0] 0047 0022 0f11 0015 0132 0041 0040 0025[ <0001 <0001 <oo0t
DIPAHs 51 138 0 88 4 5 1§ 3] 43 25 %0 07 B3 72 80 6If - - -

SD: standard deviation
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0. 17ng/m®) J& U8 % Z0. 04ng/m* (0. 02~0. 08ng/m*) T
Holz

20054 OFR T OHERRGRWEE=5 ") ¥ 7'
EAERIZ L 2 BaP RIS Ak ERBE" 0. 076ng/m’
(0.013~0. 15ng/m*), “F&AEHUHL" 0. 1lng/m® (0. 034
~0.18ng/m®), ‘A" TO. l4ng/m® (0.022~0. 19ng/m®)
ThY, EEOFERGTIGFRE=Y ) ¥ THERHROF
BEFEBEL ngmll N Th o 720 KB 12onT
&, FETSEIEARBOM T, FiE T OMNBEIRIZAE L,
JABIIEE - HEHTH ), RAEREONNy 7 75~
F2CRT 2 MERTH Do FEAEFR A" (THE TR
P EERGIE R OME T, O FE TG 5 KATH S
WEREMRTAMERTH L, Kl 1ZOWTIE, #r
BHEABPROMET, EES SN VICEE SN H
BT A OFE L HE L7ZHERTH 50

AIZEIZ BT 5 2HETOM%E, Frilh oA ERKE
PWEE=5 ) v TREBEDE R L CTAB L, B
wOTIE IET RO AR v EE 2D
AEERT CIE CRRIRE ICEWER R L2, S,
R OWER TS HBIE R T % Lo 2
RFV YEET RO FEANEELT L EREEAEML Tw
LOIHL, S ICBWTIE, R OBEREIE
WikH b b00, BMICEEREI L EWEEZLND
BT ORKEFML CVE0EEZLNS,

3. 5 Benzo[elpyrene #E#¢& L -EMESH T (BeP
ratio)

Benzolelpyrene (BeP) (X, PAHs O CH K& HIZH

VT % HACF BOBVEDME g kAT W 2 #5729,
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BeP (ZhF 3 2 AHKHE L (BeP ratio) % FIv:7- PAHs f#
W ED S CMESP SN Tnb,

AWFRIC BT 5 2 H O KA PAHs @ BeP ratio %
Table 2 127836 KIZ 2 M OKRS D BeP ratio %, BE
PGS & L, BHERERAOPERBD RK
W75 X)L CEMNGESIT2ITo72 2O/ %
Figdl2R" 3. 2O LD, “BrE oK T,
Roadside air (21%)®, Industrial area 1 (18%)® % O°
Rural area (16%)™® %5 5- Kk & &, "4 T,
Roadside air (27%)*, Roadway tunnel (22%)®% O°
Rural area (21%)* DHFGHRKENZ E DDA 5,

T T, AEISHEVE N A AN TV B Z
LRI ORI LHEMF AT 5 2 LA, Eito &
I EAERN I oo~ REEZEZOEN D, I 12D\ T
X, HEICRE BB M A ViE b oo, HhiE”
EHMLL 728 b bz, 72721, Rural area D35
AR (16%) L0 b T (21%) D) AIKE
VL, HIAR L 72 S19PAHs OESEE (Table 1 &)
LEZAEDLETY, ST A, AP 7% S NBNEEE
DI TH 5 HISRER L TWwb EEz b b,

3.6 BEKHFDPAHs BESLVARH PAHs BEED
BaE
R RO ST B 2 RENI PO LT O
Rk % Fig. 5 (A) (IR ¥ “#iil", "SR LISk
BEKEDRL EAIA R S, 0T CIRERZEL T

Table 2 Ratios of PAHs to BeP in Niigata and
Kasabori
Niiagata (n=20) Kasabori (n=20)
average SD average SD
Phe 19.92 8.15 10.74 4.48
Anth 0.58 0.12 0.80 0.79
Fluor 7.81 3.32 6.51 3.58
Pyr 2.87 1.11 2.53 1.04
BaA 0.44 0.07 0.36 0.02
Chr+Tph 0.84 0.14 0.74 0.07
BjF+BbF 0.97 0.05 0.94 0.07
BKF 0.47 0.15 0.55 0.33
BeP 1.00 0.00 1.00 0.00
BaP 0.63 0.05 0.73 0.20
IedP 0.59 0.07 0.54 0.06
DB(ah)+(ac)A 0.10 0.04 0.09 0.07
BghiP 0.88 0.09 0.79 0.13

SD: standard deviation
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Fig. 4 Multiple regression analysis of atmospheric PAHs at 2 sites in Niigata Prefecture based on BeP ratio
(Comparison with previous literature data™*")
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water (C)
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BoKEDN L o720 UL ST DSILBEECH 5720
WAL, AFIEBEHMFT CHE 3720 LiEH S
N5 WIZEHHO PAHs BT (X 19PAHs) # Fig.5
(B) \Z7RF o "¥iE” Tld PAHs O T = 13 Bk 0L E)
VB L TR IS IC B W2 R L 7ze — 0, “AF
W TRAFICEWHEE R L, 2O LK TO
PAHs #4J# (X 19PAHs) (2B TIE, AT DMOTEHIC
WR2EUEEnZ 2RI TS (Fig.5 (C)). 4&%F
BT EmEER, BRI BARETY Rz /]
LNTWAMHEAITH Y, KEH O PAHs IEEOIHT b il
N7z &L ISP EIRED S OBTRIC L A EErs—NE LT
E S ACY (W

PIZBEZK i > PAHSs i BERRK & K500 PAHS 2 LA
IZOWCTHIB AT 2 T2 720 ZOFKHR% Table 312777,
COFLY, WO PAHs B D T I 2 HIE
RNV LD 5b, 72, Table3 DA THEBIC
R L 912, Bk o PAHs JEEERIS SIS L 595
Wikt LC, EERVESE, AFERLORENTNICE
WAHBIBIPRIC B o 72 (HBIARELr >0.7, frikiEp <
0.001)0 —F, REIZOWTIEHEZ S O ZEIC R
7 < PAHs % AL X B W AH BB R ATH & 7z
(r>0.7, p <0.001)o PAHs j#J OO A & (& W 70 Z: 55
ZALAR SN (30 3BM) oIzt L, MBI IS
WZRRZ: CEAMBDME S N2 EIZ oV TIE, £%E5 %
LREOHEMNH D EEZ HND,

Table 3
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3. 7 B&7krh PAHs OBBRE & ISTFRED AR LB

W& 1) D42 > 72 GFP, C18FF @ A # Dtk A
5, GFP Lo iy % 5 HE PAHs, CI8FF L opis % i
FHEPAHSs & 734 L 72, BB TE PAHs & VA 17 1E PAHs O
Hi4E O R D W CHIB AT % 4T - 7245 5 % Table
4R HHET RO RS OREKYT PAHs 1, MR
FEN OEAFREL ISR ARAE L€ itk 59), &
FROBEE, LAFNROEFFEH BRS¢0
>0.7, p <0.001)o WI#HOHBIBLRA S, EEE & G
BIZERROFEAETICHRT 200 L E 2 5 b,

E 512, Bk oE%HEE PAHs & K& o PAHs & O
AHEE K OBk i O VA TERE PAHs & K& H @ PAHs & O
BHZOWTh, MBI AT WHES L 722, Wb ]
ERMBEIE RSN R no 7z,

i

ARWFFRIC & 72 > TEEHRIUZ T 7272 v 72 =450
JEARELR ML ER 47 2 B (S E) ORI
HLET

FBE AN O KA OFEAKIC BT 5 PAHs (199E) &
LR FERE A WS 5 72002, Bz IR A WE L

PAHs correlation analysis in atmosphere and precipitation [r >0.7, p <0.001]

Atmosphere

Precipitaion

Niigata Niigata  [Niigata |Niigata

Niigata
Summer

Kasabori |Kasabori |Kasabori
Summer _ [Autumn |Winter  |Spring  |Summer |Autumn |Winter [Spring  [Summer [Autumn [Winter |Spring |Summer |Autumn |Winter |Spring

Kasabori [Niigata |Niigata |Niigata [Niigata |Kasabori |Kasabori |Kasabori |Kasabori

Niigata

Autumn 0.906

Niigata

\inter 0.881 0.824

Niigata

. 0905| 0944| 0937
|Spring

@

Kasabori

0.947 0.904 0.943 0.970
Summer

Kasabori

0832 0926 0913| 0982 0936
Autumn

Kasabori

- 0838| 0723| 0977 0846 0877 0814
Winter

Kasabori

. 0.846 0.937 0.841 0.967 0.896 0.943
Spring

Niigata
Summer

Niigata
Autumn

0.948

Niigata
Winter

Niigata
|Spring

0.949

Precipitati
recipitation Kasabor

Summer

0.909 0.798

Kasabori
Autumn

0972 0971 0.892

Kasabori
Winter

0998 0939

Kasabori
Spring

0913 0.994 0.902

—213—



Table 4 PAHs correlation analysis in each paper (GFP , EM) [r >0.7, p <0.001]

GFP EM
Niigata |Niigata |[Niigata |Niigata |Kasabori |Kasabori |Kasabori |[Kasabori [Niigata |Niigata |Niigata |Niigata |Kasabori |Kasabori |[Kasabori [Kasabori
Summer|Autumn [Winter |Spring [Summer |Autumn_[Winter |Spring _[Summer|Autumn |Winter |Spring [Summer [Autumn |Winter [Spring

Niigata
Summer
Niigata
Autumn
Niigata
Winter
Niigata
GFP |Spring
Kasabori
Summer
Kasabori
Autumn
Kasabori
Winter
Kasabori
Spring
Niigata
Summer
Niigata
Autumn
Niigata
Winter
Niigata
EM [Spring
gasaborl 0818
ummer
Kasabori
Autumn
Kasabori
Winter

Kasabor 0836 | 0.829 0.779 0987 | 0.983 0983
pring

0817

0.960

0.957| 0.785
0.900 | 0.979 0.879

0.953 | 0.986

0.826 | 0.934 0742 | 0915

0.828 | 0.984 0.781 | 0.965 0.947

0.774| 0.762 0.701

0.783 | 0.784 0.728 0.995

0.799 | 0.967 0.745 | 0.941 0.967 | 0.992 0.761 | 0.761

0.838| 0.798 0.744 0.988
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