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Chemical Components of Airborne Particulate Matter and
Acid Deposition in Happoone and Nagano City
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Fig.1. Location of Happoone and Nagano City.
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Table 1. Average concentra-
tions of chemical
components of SPM
at Happoone and
Nagano City (1991
~1992).

Element Happoone  Nagano City

(ng/n®)

SPM 16. 8 37.1

NH4* 0. 87 1.65

Na* 0.09 0.27

Mg?* 0. 021 0. 46

Ca?* 0.10 0.25

S04%° 3.23 5.23

NOs™ 0.27 1.62

C1- 0. 059 0. 45

EC 0.74 6.16

0oC 1. 40 5.36

Al 0.27 0.57

Ca 0.17 0.42

Fe 0.18 0.43

Mg 0.12 0.14

Mn 0. 0058 0.021

Na 0.11 0.37

Pb 0.011 0.038

Zn 0. 035 0.11

IR EZ Az, RRRRFII—RICEHF5ERE

Table 2. Concentrations of various elements in the SPM originating from

the nine main sources (%).

Element Kosa Road Happo  Spike Marine Iron and Refuse Plant  Auto-
soil soil soil soil  aerosol steel in- incin- incin- mobile
dustry eration eration
Al 6.14 8.56 0.37 7.04 — 1.0 0.97 — —
Ca 5.16 3.19 0.27 8.14 1.2 4.5 8.7 0.023 —
Fe 2.84 4.81 6. 26 3.88 — 16 1.1 — 0.317
Mg 1. 12 0.92 13.5 0.96 3.7 0. 085 - 0. 004 —
Mn 0.073  0.11 0.103  0.093 — 2.2 0.0094 — —
Na 1.49 0.77 0.19 1.40  30.6 1.4 10.7 0. 029 —
Pb —_ 0.017 — — — - 1.1 - 0. 0254
Zn 0.182  0.079  0.012 — — 5.2 4.4 0.004  0.0635
EC - 2.5 — —_ — 0.5 2.8 7.0 57.1
0c — 3.8 — — — 2.2 1.2 56.3 16.8




and Nagano City.

ARLEEYSE F31% F65 (1996) 285
60 0 Unknown Refuse incin.
N —e— Happoone Secondary Road soil
\ A --&--Nagano City| Automobile B Kosa soil
o 5 *oa-a E] Marine B Happo soil
E 40 \ 20 H Plant incin.
o
3
Z af
n
€
0 ~
91/2 4 6 8 10 12922 4 6 8 10 12 Ed
Month =
5]
Fig.2. Monthly variations of SPM at Happoone ‘é
=
1)
Q
IS
3
&)

AL, AEFRA MO MBI R E W Eh b, ek
I8 & L CHP (Kosa soil), @ik U A (Road soil),
NS RMR L5 (Happo soil, /U5 RR?D SPM (2D
THOHMEM) BEUR L 75 4%8 LA (Spike
soil, B¥ 1D SPMIcOWTHRH) o 4 F¥ %
Hwiz,

EWWOFAIRT — 13, hELEO(LEHK & BA
IZTRAK L 72 R DALY il % Fv 72, &
&R U A DFER T — 2 13RI R B TR L 22l
Rz, NHRBROBMM S E LI, &> 7> ah
515 BRI T ), AL LR A Lo
T L IR B oo AR T R AT,
NG BRRTIBOFEAERT— 7 & L THW, $£72, i
BYREPDOXFTIII A, 7 74 eI N T2
728, AL I IA XK LADRERT—FELTT
A7 7V EEOTCHEEHHD Tz,

RO D B L L L TR (Plant
incineration) »% "), BRERTHLARETIE, T2
INT IR, Kb HFEORM O B BE &2 5K TIT b
L, OCOFEZELFEAER > Tnwb, OCH—ERIE
TREBRKFTHY, WELHEEL THWLZ LD
RIS DRI S AL T 519 25, HuslivE 2 & & THEWD
BEHOFGZEmWEFH2Z 5N 5D T, OC #iEEITH
E LT ZDHFGHREL KD 2, MM EEHRL T O F 15
T —=ZNET A7 7 ZBHKLF D EJAE?D % FHv 7z,
MR (Marine aerosol), #8H3 (Iron and steel
industry), BEFEWBEH (Refuse incineration) # L
UCHEE PR KT (Automobile) D &FAWE T — ¥
3 CBROAE ' 2 v 7o, kAR 11 SO,%,
NO;~ 8 & U NH,* FElHENA&FF & L TR 72,

AREEEMAHAOCMB T VitE 70 77249 2 H
Vv, ARNSEORNE RIS L DT 22,

2) CMB#EIC & 2 a5k #

CMB #:iz & ) SPM DA RS 538 % K> 72 ks

Jan Mar May July Sept.  Nov.
§ § § § § §
Feb. Apr. June Aug. Oct. Dec.
Month
Fig. 3. Concentrations of SPM from the main
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Concentrations of SPM from the main
source components at Nagano City.
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Table 3. Concentrations of chemical components in deposition col-
lected by filterling bulk samplers at Happoone and Nagano

City (1991~1992).

Monitoring pH EC NHs* K* Na* Ca®** Mg®* SO0.%” NOs~ Cl~ nss-
Site (uS/cm) (mg/1) S04%-
Happoone 5.07 10.3 0.14 0.09 0.17 0.16 0.05 1.12 0.49 0.31 1.08

Nagano City 4.98 18.7 0.55 0.20 0.38 0.61

0.05 2.35 1.22 0.79 2.25

RowM%Zic SPM OFEIBERZ BRI 17229 &7,
AN RIBIZEFBOE LB ICHET 5726 2 DBHD
SPM ) ERIZFEEITENLDTH - 72,
ABRARIZEWTIZ 3~4 Bl i TEBDOE S »
%), HF5BEIR4.3ug/m’, SPMIC o 3%
5813 23% L it & Lz, SPM o> Ca*t BE A
DEHICES b2 eh b, BEROMENTFRINT
Wiedt, ZOMBTHZNHFERNBNMEIZZ HDTFHE
EXFTHINTH-72, T, ZofHERIT SPM #
EAEIIERBIC B W TR ZDOFESRIEC LB 2
EETRBTRLNEEZ LN, NFRRIBHES
BEEIL 0.2~0.5 ug/m?, EEBLANDFEMEIZ 0.5
~2.1ug/m?® VTN HEL, MEEZAbELELSE
LEE13% TH - C, #HFOREIC BT 5 TEH
FoHE5HE3IZ%' B L OB LRILMIBOFE, il
B FRACBITIBRTFOFESERBY%D N 1/2
LUTOETH > 7z, IWHEHBIC BT 3~8 Bic»iT
THSPM BED ERIZ, HEERIEHEAIC % b5
BE—L, BIEEZKERRTFHyEELRTICK S
ZEERTRRLELNL, TDOF5BEIX 4.5~5.6
pg/m?, FEAEIL 24~36% (F#129%) T, KRk
FHREROFESELZRLTBY), WERICEIT 22
KREBRFNEEEZRRL T2, BB TOFS
WEIL 0~0.3 ug/m® £ A%, KTHERKKET 2
ZOEEDE AT RBIBADESZII Ve o b #E 2
bd, BRERAEFEFEERNEFL 66% TH - 72,
EBHICBWTIZ 3~6 Aot TEDOEE»R
b, ZHOWEIZ3~4H126.3ug/m3 5~6 AIic
5.6 ug/m® THY, BETIIAFRIRL D LR0H
fERRL72D, FEEIZUBEERAMEL % - 72, B
BB LANESBEIZ1.8~6.7 ug/m? DEHEICH -
7208, AL 7IZAXBLANDEFEEIL1~2 RIcBE
dN, TOWEIZT.Tug/m*ISEL 2, Hi), EH
BMLABLUZRNL 794 vBLARADLELER
BTFOHFESERIT, 1~6 AICIZFEHE 26%ThH 7255 7
~12 BICI3 P 9% LAEAE & 7 - 72, EByEBEHKL

F &AL R A R F I3 I S E S5 B E A 10
ug/m* Th->7T, FHETHTRLEBBELZRLL,
WAl RE KL F D& 53T 22~32% D #HIC
N, EEHEHBH LU o7, L L, BEFEREK
WFHO—TH2NO;,~ BEIZ, EEFHICBEWTIZ
ZFEIE(EZFRC-EHEILEZTRL, EFiICiR
NO; " # AKNDHNO; & L THET 52 Z &,
NH,NO;, n#EH B L OB I X Mok 25K En
NO;,” DHEBEIRZ 5 Z L SV EFICBEIE LD
FRTHZ LEHEINTE, TNk % NO, #
ENZEGHEALD RT LEFD ZREBRFHOFEE
DWMEWE 2, ZTOERFEEERNFHESGH» L4 H
>N EEZLbNE, SPMOKHERELEBRFERD
AFHE 83% TH - 72,

3.3 KMETH

1) Ab¥ESrBE

MoKETEADT L - ZH S Db a B E D45
¥y (1991~1992 4) % Table 3 IZ/RY,

pH IZ A KFRBRT5.07, REMH T4.98 LIZIZREL
THY, HB2REBERINEFES Lm0 FHE
4.8 LN bTHrIcED» -2, pHHRAZE(L# Fig.5
IZRY. NFRRTIE, EFICpH »EL LM%
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Fig.5. Monthly variations of the pH of deposition
at Happoone and Nagano City.
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Table 4. Deposition of chemical components collected by filterling
bulk sampler at Happoone and Nagano City (1991~1992).

Monitoring Rainfall H* NH,* K*
Site (om/y)

Na* Ca** Mg®** S04%° NOs~ Cl~ nss-
(g/m*/y)

S0.%°

Happoone 2970

Nagano City 880

0.025 0.41 0.28 0.51 0.47 0.14 3.33 1.46 0.93 3.20
0.009 0.49 0.18 0.33 0.54 0.05 2.09 1.08 0.70 2.00

~L, IEEES T3 Cat DBEIES L -T2, TT
2Rk 9z, ZOBEEAICIE SPMIC Eo 3B
HEHEMT2NDTEOHELZITLnEFEZ LN
%, \FRIRICBIT 2 8LFERSDBEIZ, KREHD
1/5~1 8 LAKBETH - 72,

EBHICBIT 2191 4F2 AN KRB THo pH i3
6.18 LEMETH - 7295, 1% 199242 izl
5.13 &, #1.0ENEZRL 72, 1L¥EB4S Tid Ca*
WREEH1.73mg/l 5 5 0.75mg/l ~ & # 1/3 12 B
LTz, EBEHICBWTA S 774 ERIZHED
BLAZFA N r—HICEDREL 2RI L
g, BT L AR (mg/m?/30 H) I3 1988 4 2
AD34.6%2—7ICHFERFEAL, 19142 Hici3
26.4, 19924E 2 A12138.6 &, R/34 7 7 4 vi%E
ROWA & & HICEBUTHEA L7z, SPM § 1991 4£ 2
A 55.4 ug/m3 5 1992 4£ 2 A ) 44.7 ug/m® ~ &
20% DB HBEI NI, KAETWHDILERG D
BE, BETIXVUEARSB XU SPM o EmD» 5 R
T, 1992 4 ZnEHHIcBIT 2 KAETHD pH
13, 2% 784X LADKEZZIT TEWEERR
L7zbneEZ NS,

2) BTE

b2 B HOMET & % Table 4 I2/R$, FREEK
BRIIAFRBRT2970mm, EFH T880mm TH -
T, NFRETREBRHN 345 %<, £F (1~3
B) YEZE (1~9R) cEwWEA%z R, H*¥T
BRAFRBIETO0.025g/m?/y TH D, REEEHICBERE
HH TR 1L BT &8270.030 g/m?/y ISEWET
Hotz, REHTIZ0.009g/m?/y THY, NHBIR
D12UTTH- 12,

REFR TR, >BRFWMEIC L2 KA5BETHOR
WEEND 20 S TEREY LTEY), 2tbsnf
i (UBRFEHEEYT) LT3 E, AHRRICE
7 %S0, BT #Ii33.33g/m?/y TH-T, BFEH
2.00 g/m?/y D# 1.5 & £ - 72, HANM O EH
HIZBWTIZ, AGEED SO B TERILFTICH

MY 52 EHHHEEINTEND, AHRBRICBWTH
AR r R oz, 72, EFIC) SO BT
BOWML 7205, ZHUIBKEN SN2 LD TRRD—
DTHhBEEZLND, NO;" BT RIZ1.46 g/m?/y
TR 1.06 g/m?/y D# 1.5 TH Y, BHAED
nss-S0,%" kN /vy —> &Rl 72, Cl- & Na*t &
TEIZZNFHN0.93, 0.51g/m?/y TWIhiBEFP
B2 ENETH Y, HAMEHKREEZ LN LMBHED
MErbTrCBEEN b0, £EOEELRH?
CHBELTH/6DA L wWETH > 72, NH &
Ca*BeTRIZZNZFN0.41, 0.47g/m?/y TREH
LV TH 72, Mg e THI20.14g/
m?/y &, EREHOHIHCHZEL 2D, ZNIEIAH
BARRLA > 7 > A TH b - Eanafbic
STHELIBERNTFHIRBLLbDEEZ LD,

HER A DRIFHENTERE L LT Cl-/Nat &b %
B2y, ANFRHETIZ1.18 L #EENE1.16 I EHIC
FEPLETH), T2 THCI IHITEAETNCH
WIEHRTH -2 E2RTHRLBEbNE, —FHK
BHTiZ1.38THN, ANGEBEFER»LPHINL
Cl- oHE»#HEI N5,

NO; /nss-S0,> L& HIZ A KRR T0.35, EE
T 0.42 & iRt O FHIE 0.6222 i g L T ¥
NLIEL, BTHOEREIMICEL Tt SO NS
PREVHERZTRTLNOTH 72,

3) MKz & 2 RRIERWEOKE

AFRR (B 1850m) L ABENESEE L (ES
710m) 2BV, EERTHERKY > 77—k
N 1pABCHERL, EgEEMHAL CRKAPOHR
MPEHST 4 v a2 T X DB AT N B@RICD
WORRRTL 72,

1992 7~11 A8 L F1993 F 6~10 A D FF 10 »
BRDICERS DFLBEL, Tx v 2T 7 FDF
5.% Table 512K, WIFhoofbsa b B BARK
BIoBWTIAFRIRE ) LBEIFE» -2, ABNK
BEAKFBRRE IZKFEERS5.8km LiEv72, H
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Table 5. Concentrations of chemical components in precipitation at

Happoone and Hakuba Village, and washout fraction (Jul.
~Nov. 1992, June~Oct. 1993).

Moni toring pH  NH.* K* Na* Ca®*  Mg®* S04%° NOs~ Cl-

Site (mg/7)

Happoone 5.17 0.057 0.015 0.036 0.053 0.009 0.78 0.22 0.093

Hakuba Vil. 4.85 0.273 0.037 0.106 0.083 0.020 1.14 0.67 0.219

Vashout(%) 9 59 66 35 54 32 67 58

BAT 1 3 E R O o Sior e & VT RARIC B
LHAKRPOBGBEDTH L ThH S EEL, [ERNE
YDMKEKTBED ) b7 v 2T 7 FDES %
{(ABAEEE) — OV RAR) }/ (A s;) & LT
L7,

Tx v aT 7 DG, NHt2579% & d
=<, K, Na*, Mg?*", NO;-, Cl~ #*54~67%, Ca**
& S0,2 H32~35% Th - 72, SO 13# 70% 5 v
A>T FOFELSTH), ZDZ LiZofbEmagic
W U CRBINC I 2 LT 2EAD W & 2R
LCTwiz,

Bk pH 13, BB Tl VR E D 4 0.32
RANETH - 72, BE LI, NHRIREZ 205
20 km B KT (BEE5 720 m) 12 3 W T REK K
GOWER B L, KT TIZAUHRBRL YD L pH »*
0.34 B <, HABRMNEE L 3o REZHEL T2,
KETTHDBEAKIZ NH, Y BEA0.92mg/l & HERO
3BLUELHY, T v aT 7 DAL 90%EE
W JAE D S 7z, SO 12 DWW T B R &
KETHCREB L7 x v 2T 7 FOFSICITITE
AEEDC, NOs  I2OWTIZBEIZRLE TH- 72
W7 x w2 T DEFGIT A BN TR 20%E
CBEEIN, L ->T, RAPDHNH, 37+ »
AT ML VBRI IAZN, %o pHEIZ Y
2B RECLDEFEZ LD,

3.4 R R K

SEN LA I ACR S OIS & > 7 > 4 DMl
EHNRIEL T b, ZDROKEITHEDHEL ST,
ANFACR A > WL TB ) Tun ) Ey
0.30 meq/! & WK<, —F, ERE»LHAT S
A > 7 Al 5B L TE ) Tauh ) Ehs
0.83meq/l &, RREVETH - 72, FAM T DK
B, FFEHETpHT.6, TIvA ) E0.48 meq/!

B NOg <
8 S0 0.8
5 [ —&— Alkalinity 0.6 &
w4 0.4 &
£ No.2 5
= | s
S 3 0 =
® <
2 2
[
=
S 1

0
9/5 6 7 8 9 10 11 129/1 2 3 4
Month

Fig.6. Monthly changes in water quality of the
Hira River.
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Chemical Components of Airborne Particulate Matter and
Acid Deposition in Happoone and Nagano City

Takao KATSUNO*, Hikaru SATSUMABAYASHI*, Kazutoshi SASAKI*,
Masaaki SHIKANO*, Muneyasu OTA*, Shiro HATAKEYAMA**
and Kentaro MURANO**

* Nagano Research Institute for Health and Pollution, 1978, Komemura, Amori, Nagano 380, JAPAN
** National Institute for Environmental Studies, 16-2, Onogawa Tsukuba City, Ibaraki 305, JAPAN

The chemical components of airborne suspended particulate matter (SPM) and deposition were measured
in samples collected at monthly intervals both at Happoone in the Karamatsu Mountains of the Japan Alps
and in Nagano City. The contributions of several sources to SPM were estimated via the chemical mass
balance (CMB) method. The amount of deposition at Happoone was compared with that in Nagano City,
and its effects on stream water components was observed.

At Happoone, SO,%~ concentration in the SPM increased from spring to summer. In spring, Kosa aerosol
was detected in the SPM and its concentration was estimated to be 4 ug/m®. Few soil particles generated
from the neighboring area were detected in the SPM. The mean pH of deposition at Happoone was 5.1,
slightly lower than that (5.3) in Nagano City, and the Happoone value increased during spring. The
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deposition rates of nss-SO,2~ and NO;~ at Happoone were 1.5 times greater than those in Nagano City.
These results suggest that greater amounts of acidic substances fell on this mountain region, which had
seemed to be a clean area.

The Hira River, a mountain stream near Happoone, had sufficient capacity to neutralize the acid
deposition with pH remaining at 7.6 and alkalinity at 0.48 meq/l. However the alkalinity decreased
temporarily due to dilution with rainfall during the rainy season. During the snow melt season, the
concentration of NO;~ increased, although pH decline was not observed.

Key words: atmospheric aerosol, acid deposition, CMB method, surface waters



