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- 11 15 pg/m?
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dp : Particle diameter collected with 50% efficiency (cm)
C : Cunningham correction factor (= 1,0 + 0.16 X 10~*/dp)

Q : Gas volumetric flow rate through impactor (cm?®/min)

p : Density of particle (1.0 g/cm?)

U - Gas viscosity (1.8 x 104 g/cm-sec)

N : Number of jets perimpactor stage

Dc : Diameter of jet (hole in impactor stage, cm)

Wy : Inertial impaction parameter at 50% collection efficiency
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TD : Turbomatrix 650ATD (Perkin Elmer)
Desorb time : 1 st stage 7 min
2 nd stage 5 min
Flow rate : desorb 50 mL/min
Inlet split 0 mL/min
Outlet split 10 mL/min
Valve : 225°C
Desorption temperature : 240°C
Trap : high 330°C, low 5°C
Heating rate 40°C/s
Transfer line : 280°C

GC : TRACE GC ULTRA (Thermo Fischer SCIENTI

Column : DB-XLB 0.25 mm x 30 m (Agilent)
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Transfer line : 280°C
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Direct introduction of organic compounds by
thermal desorption

Addition of internal
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1. PM2.5 nitrophenols
Nitrophenols (NPS) ... secondary produced in the atmosphere

OH OH
Sud®! Q :
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1. PM2.5 nitrophenols

Daily variation in summer and winter

Summer (May) Winter (December)

20121211 121;“‘9'1“"'"9 40 160
NO

120- | 201252830  Daytime

NO [ijpb)
0, (ppb)

NPs (ng/m’)
3

1211 12112

12113
Summer (May) Winter (December)
NP concentrations: lower < higher

NP concentrations changed synchronize with O, synchronize with NO,
(NO, and O, may contribute to the formation of NPs.)

Notes high in 4-NP, 4-NmC conc.  High in 2-NP, 2-NpC conc.

FUMBREH

1. PM2.5 nitrophenols 251 Rainwater
NPs seasonal variation
& =
= o
= 110<
— e
* Filter samples were weekly obtained
and total NPs were presented in the
figure.
*  Weekly averages of NOz are plotted
together.
‘E:u: 60 S
& g
_ - 5 404 10+
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2 L/min x 1 week 20,
i 6l
SMHTIL% 2013 p.775
s I PMZ.SperchlorateChlorate and perCh|0I’ate in PM
mmgﬁmm BXOH
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SWRENE ISy T

pe:.{m;;Lg}:, 35 e SHAL 07y MR OBIEH
- 40-80 W' '. O 4F.5 wﬁiﬁﬁﬁiﬁ
. 61-80 k. e KME 5.74+1.98 pg/L
s 81-100 HA& 9.39+2.71 pg/L
e 10.1-120 O E*[:ﬁw%ﬁﬁb{&
® 121-140 S 60)?”;‘7
@ 141-154 from Environ. Sci. Technol. p.88 (2007)

ERT—20ON, ANMESAOBERRT—2 (RO SEES)
HAGEM) 7.6 pg/L
REA (BZ&) 8.9,6.9,6.1,7.0,13.4,6.3,10.6,9.2, 9.9 pg/L
INE (HBAR) 9.2 pg/L
#5ith (RRA) 11.7 pg/L
M (=W 7.2 pg/L ‘
M3 (R#8) 103 pg/L 20
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o Mechanism of oxidant formation

HC reactions made by HO-
from 03 UV photolysis
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2. Oxidants it
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2. Oxidants

Daily variation of atmospheric compounds in forest
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BVOCs (isoprene, terpenes, etc.)

03, -OH

*HO2, 03
>__) HEHO = \icoon

Bunseki Kagaku 2011

03

(ppbv)

HCOOH CH3COOH

2. Oxidants

Isoprene from plants (monitored by SCTS-CL)

Epipremnum
aureum

__L2(s00w)

Chamaedorea
microspadix

Photosynthesis with light
¥

Isoprene emission

2. Oxidants

Isoprene emission (umol m*d™)

Comparison of ozone lgy

Ozone (ppbv)

Eiso (pmol m2 ht)

8-

Qutput (V)

120 rhin.

rels inside and outside forest

SCTS-CL

Sampling: 4 min

(silica-gel)

Freq: 10 min /cycle
L]_OD:O.:LS ppbv y

PHESE 2011, p.agy  2C
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2. Oxidants

Emissions and ozone amplifications of
BVOCs & AVOCs

Emission 03 MIR 03GenMax
{mol km2d) (g/g) (mol/mol) | (mol km?d?)
400

Isoprene 31 12.9

a-Pinene 8.5 1.3 33 9.3 88
p-Pinene 4.4 124

HCHO 6.1 0.18 7.2 4.5 27
Toluene 17 1.6 257 532 88
Benzene 0.42 0.68

*0; MIR : maximum incremental reactivity

MIR = Max (ag‘f)) for all VOCs & NO,

FHFOFUNREEERT S0 ABMGVOCHEHBIRET>THLHRE -

FFIES2011, p.489

2. Oxidants H

qiy varlat|on of HCHO formation rate

] AVF L /OHICEDE
o n = 20- = y k [isoprene] [OH] ﬂL‘&“i

/

g
=]

=Y
w
il

4R/ (HCHO pvbv/h
o

2
[~
=
o 2 0.5 ]
L
Q
= 0.0
G 1
§ ﬁ”’s' OHIZ kA% = K [HCHO] [OH] 1
o oddehfdt T j =

! ; . 1.0

8H258 8H268 8H278 8H25R 8E26H T

T ELLIDHCHO D66 %14V T2 EOH TS
(yyky[BVOC);[Oxidant],) A/ADRIIZE>TERE

Pycho = Z
L P max
pb[h phld

Isoprene + OH 2.7x10"Mexp(390/T) 0.55 6.57

Isoprene + 0, 1.03x10 %exp(-1995/T) 0.90 0.093 0.47

a-pinene + OH 1.2x10exp(440/T) 0.19 0.11 0.89 E 5
a-pinene + 0, 6.3x10"1%exp(-580/T) 0.25 0.099 1.05 10
8-pinene + OH 7.8x1011 0.51 021 0.92 9.2
6-pinene + 0, 1.5x10°1% 0.65 0.014 0.068 0.69

Total 211 9.96 100

2. Oxidants HCHO

HCOOH
o ol ol —RER
\ CI,00 i
Ly
CHECO0, 1

HO2. 03

wE TR
FILAH

HE
ERREDOS

100: A&HWRLMER, HFFErmMonRRERR
80: tH FIRGLHE, BARMS A ENRAEEEHE
___76: OEHHA B REEF

50: A4, H) T4 =7 BiR{E
7 e m—;ﬁﬁmhmnm#

ZEDHCHOIZEE Y™ - / 21: OEHHA B MBRI SRR D
61:531-{@)‘3:8 : 2 OEHHA 1B{&REBMF fm

SA #2012, p.685 BN P

CHOREE (ppbv)

1. HCHO in PM2.5
Question: Formaldehyde ... only as gaseous species?

*  HCHO has high Henry’s law
constant KH (M/atm)

m Kt (Mlatm) Oxidants Absorption, ."‘ l
HO

N
)

HCHO 5000 BVOCs HCHO = ” HO(CHZO);,H;%
Nz 0.000065 ’ Photoch.ernical %
& reaction
02 0.0013 ,‘] O
NO 0.0019
502 2.0
NH3 54 Hygroscopic aerosol
H H
* Formation of hydrate )\ + Ho g ! _OH —
o H 0

geminal diol

¢ HCHO is sticky

* HCHO may exit in aerosol.



1d-|6liflelnc¥\lﬂ(2)5 1. HCHO in PM2.5

devices for gaseous and aerosol HCHO
I T =
| S

(——‘___i\_ﬂ !
to particle
analysis
1.0 = o
1.0 d i .
i === i Particle
> ‘ collector
PP-1 3 greil
PC) 2% S e
PPWD Forestry and Forest
AS Products Research Institute
Parallel plate
to gas i
<LILl> | analysis ~ wet denuder
> ~ (PPWD)
A !
PPWD: Anal. Chem. 2002, 74, 1256.
Air sample PC: Environ. Sci. Technol. 2003, 37, 5711

1. HCHO in PM2.5 1. HCHO in PM2.5
Time variations of particulate HCHO, gaseous HCHO, ratio of Partition between gas and aerosol

HCHO,/HCHO,, with change in relative humidity

... effect of humidity

14 - 100 05 T T T T T 5 8'
auyt1 [ duyiz | ; T HeHo,
o . = o [*3 | sulfate HO(®@
£ 014 3 £ = é s
= B 5 T 03 k3 o —
o E & 5 Growth
g | ,0° [0 £ il 3 |HO () .
: 2% 3 sy 13 | H0 (@) o,
2001 = s g
P4 5 E
1 e 0.1 L1 2
] 40 S Hygroscopic growth factor
) HCHO(p) : 3 water (
= = w =
1E3d 0,00 f————r e i 0 e % e 7o 8 % 100 (NH,),50,
24 6 12 18 24 6 12 18 24 6 12 18 24 % RH ¢
Time of day (h)
— == . . %RH = 100 — 0.2715 w + 3.113x102 w2 — 2.336x10* w® + 1.412x105 w*
BaP: 0.1 ng/m?® = HCHOp 100 ng/m3 (x1000) w: weight% of (NH4)2S04 in the droplet, the rest being water
PM 2.5 10~20 pg/m3? = HCHO 0.1 pg/m? = HCHO is 0.5~1 % of PM2.5 N S _
The HCHO,,/HCHO ,, ratio changed very similar to change in relative humidity. The partition ratio : similar pattern to hygroscopic growth factor

Environ. Sci. Technol. 2014, 48, 6636-6643.



K5 Dynamics of HCHO in the atmosphere

Sy

: ey Shpeisciages A Cloud
g -~ {HCHO e formation
Y i
Solid
aerosol
Oxidant
(CHO-, HO, )
Oxidants

{ Hygroscopic
\ aerosol

{ Secondary :
i formation i::
2 |

2. Oxidants HCHO
Mobile monitoring of HCHO around Kumamoto University

4 21.7 ppbv 3'd September 17:30-18:30

L

along Shirakawa river |

Ryujin bridge

2. Oxidants HC

——t g — (g

[lGAS micro Gas Analysis System

38

J. Environ. Monit. 2012, p.1462

SAHEEF2012, p.68S



Mobile monitoring at Mt. Aso

Enviran. Sci. Technol., 38, 1529 (2004), Buriseki Ragaku, 55,109 (2006)...

3. Baikal

Lake Baikal, Russia

» Great natural ecosis’tem

R ERRE

3. Baikal ' = '\,,_ XY

Lake Balkal RuS‘s:a"‘**-
..m'&

3. Baikal

AR AN
oy

A#HnE B EAKOLEIZES
iek®E A ILATE 2, DMS?

P OEE Tong

Measurement of CH:SH and DMS
by SCTS-CL
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4. Odor

UGAS for CH3SH ... selected as featured article in 2014

Real time field analysis of ambient
CH3SH at odor threshold
Miniature

reactor

CH3SH 8 ppbv
20 min

oneycomb-patterne 5
microchannel scrubbi

Air sample

CH,SH
most odorous

+ CH,SH

SO,N(CH,), collected in alkaline S0,N(CH;);
absorbing solution

Fluorescent

| DBD-F

on-fluorescent Ex 390 nm, Em 526

Anal. Chim. Acta 841 (2014) 1-9

4. Odor
Variations of odor compounds in pig production

100 T » T T T T T

F80 H2S || = 1.4
. [=]

2. 60 e ]
& 40 8 1.2
20 é ]

0 LS Y S B | S R | R N S dedb il
-~ 5 i - [=]
34 B 1
g CH3SH | S o8-
23 . = 4
B, 2 S 0.6
5 ! g

1_3 = 0.4
0 2.
i o 0.2
Eo 8
o
&0 0.0
02 ! 12:00 15:00 18:00 21:00 0:00 3:00 6:00 9:00
Z 0.0+ i Time of day, hh:mm

12:00 18:00  0:00
11121




R DR

12 mill. pigs in houses

A yearly production of 26 mill. Pigs
— 21 mill. Pigs are slaughtered for meat In'P
~ 5 mill. Pigs are exported to other countri

Approximately 10,000 pig producars

The export value is approximat ys

~  50% of the agricultural export. -
~ 5% of the total Danish export

_ The gxport of pig n eattolapga ot

- Department of Agricultural Science,
Aarhus University, Depmark-.
T
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4. Odor
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5, Baikal DMSP

R—/IN—9S5TNTHEE)

5. Baikal DMSP




5. Baikal DMSP

PVC cap

5. Baikal DMSP Role of DMS produced in water

Atmosphere
H,SO, Cloud
—CH,SO,H] — con:zzlsea:t|o
NS (gas) Negative global warming effect ; C|°Ud
/ Rain

precipitation

AN
DMS HsC CH3
dimethyl sulfide

(o]
H3C._ + 5 Nature 1972, Lovelock
\? ’\)Lo Science 1983, Andreae
H5C Science 2008, DeBose
DMSP Phytoplankton

dimethylsulfoniopropionate

Produced for |
osmoregulation

5. Baikal DMSP

Do phytoplankton produce
DMSP/DMS in Baikal water?

to atmosghere

E Ice cover
1
; Photo/biological
oy oxidation .
Hac c“3
T -5
Bacteria HaC CHy
Cleavage
(]
H3C 5
3 \s+’\)Lo
| for antifreeze?
H3C
Phytoplankton
5042- Fresh water in Lake Baikal Plankton under ice

Fig. Schematic diagram of production and fate of DMSP under ice (left), and picture of algal
bloom under ice in Lake Baikal (right). Photo by I. Khanaev, Limnological Institute, Irkutsk.



5. Baikal DMSP

Water sampling

in March in August

%‘Eﬁb‘éa)-;t’&ﬂﬁﬁn‘\b—

ELIWRTOXAMNM FRHEX KTAMEGr

EWGarnar

Rosenstiel School of Marine
and Atmospheric Science
The University of Miami, USA

5. Baikal DMSP
Dimethyl sulfur compounds found |n March and August,

Lake Baikal o

P
b

DMSP (nM)
e
{
e
!
\

DMSP n
6

13
DMSO/10 n=5

°\° August ~p—2
e e

104 4
L August T~
o-‘w
10+ March
- T L)

Concentration (nM)
DMSO/10 n
DMS n=19
DMSP n

Temperature
()]

March August 5§ _ 800+

B
Fig. Sulfur compounds found in Lake = E 400
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Fig. Daily variations in DMSP observed in March and August 2012 at Koty, Lake
Baikal. Changes in ambient temperature and solar radiation are shown in the two
bottom panels.
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