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LNEEZ Y, 22T, RERTIIRERICT > 7)) > THEERELX > T &7 A/
XT7ICOWTESREARYRHEL, B OBROBGEEEZ AL Z L2 L7z,
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1) gt & 7 % _
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K2 ZTHILENRMFELBE (g.m.)

(¥>z4 (n=11)) (7A/%3% (n=4)) B ppm

el. g m. (min-max) el. g. m. (min-max)

Ca 11000 (6800 -17000 ) K 7800 (5100  -14000 )
Al 8500 (3300 -21000 ) Al 4400 (3000 - 5300 )
K 8300 (2600 -26000 ) Ca 3800 (2200 - 5100 )
Fe 3100 (690 -15000 ) Na 2200 (1300 - 3900 )
Na 2100 (800 - 8700 ) Fe 990 (640 - 1800 )
Cl <730 (240 - 1600 ) Cl <480 (<300 - 630 )
Zn 460 (100 - 2100 ) Zn 320 (240 - 420 )
Ti <420 (<100 - 1600 ) Ti 250 (190 - 370 )
Mn 240 (94 - 670 ) Mn 73 (56 - 140 )
Cu <130 (31 - 480 ) Cu <55 ( 36 - 8 )
Ba <53 ( 15 - 190 ) Ba <12 ( <9.0- 18 )
La 20 ( 2.8- 250 ) Br 9.4 ( 89- 10 )
\Y 13 ( 7.3- 34 ) \% 7.2 ( 43- 13 )
Ce 12 ( 1.6- 64 ) As 6.2  3.9- 8.7)
Ni <12 ( 50- 46 ) La 5.2 ( 2.9- 9.3)
Br <12 ( 5.5-<20 ) Eu <5.0 ( <4.0 - 7.3)
Cr 6.6 ( 1.6- 36 ) Ni <4.2 ( <3.0 - <6.0)
As 4.5 ( 1.1- 40 ) Cr 2.2 ( 0.80- 4.9)
Sm 3.5 ( 0.67- 12 ) Ce 1.9 ( 1.4 - 3.0)
Sh 2.6 ( 0.47- 16 ) Sb 1.7 ( 1.2 - 2.9)
Co 1.8 ( 0.36- 7.0) Sm 1.2 ( 0.61- 2.5)
w <1.9 ( <0.70- 74 ) \ <1.2 ( <0.90- 2.1)
Eu <1.4 ( <0.09- 9.1) Hg 0.96 ( 0.76- 1.4)
Th 1.1 ( 0.20- 6.4 ) Se <0.32 ( 0.30- 0.38)
Sc 0.87 ( 0.20- 2.5) Co 0.31 ( 0.15- 0.69)
Hg 0.82 ( 0.26- 2.2) Sc 0.26 ( 0.14- 0.52)
Se <0.79 ( <0.30- 3.3) Ag <0.25 ( <0.20- <0.30)
Ag <0.62 ( <0.30- <2.0) Th 0.21 ( 0.13- 0.34)
Hf 0.39 ( 0.07- 1.4) Cs 0.13 ( 0.08- 0.30)
Cs <0.35 ( 0.07- 1.2) Hf 0.12 ( 0.05- 0.33)
Lu 0.08 ( 0.01- 0.65) Lu 0.02 ( 0.01- 0.02)

NEIZIEA, & 21R L 72, BTV L FRRIC &5 5 4 Ca, Al K, Fe, Na »“E#yIc & -
720 FEDEWELTL, BIERVEBL T7 £/ % 24 T Fe pMEER 25 L 72012 1
L, NaB3# 5B -8 Thd, 2D LIX I CHETH W & »EZ UL, Y
TN THEDBANIL LB, TS EAA LN EITREL TS L ES LD,
it,%#yfuy7ﬂﬁ%u¥>j7¢m§ﬁimmﬁﬁﬁ%ﬁﬁt,ismﬁtto

FEXREEIZ L % & FE T As, Zn, Na s, S8l T Zn Bl it L, BSF T2 As, Zn i3
M%<, Ce Lu, Lansi&i<, F2HHTY Lad & ko7, —F, HERERENS
WEBLNTOEILERAIR & HRILD X > T4 Tl FTTE D SHRAAAITEY 2 B ]
ERL, BHOTFRERLIERIEGLN, 72, BIFE, KABEROBETE L Lk
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£3 ¥ IrHDETROMSFENTEE

REGES <0.3 <0.5 <1.0 <2 <3 <4 <5 5=

Ca Th Ce V Fe La Co SbHf NaZn As
E OB Lu Mn Al Sm Cr
K Hg Sc

Ce Fe Ca Mn Al Co Sm As Na Zn
3 # Th Sc Cr V Hf Hg Sb
La Lu K

LuCe Sc La Sm K Cr Na Ca Zn V
€&y ThHf Al Fe As Mn Hg
Sb Co

Th Ce Hg Lu Cr Al As
K Hf Fe Sc Ca V
W La Sb Na
Co Sm Mn
Zn

Lu Th Ce Hf Sc Fe V Hg Na As Mn
B b Sm Cr La Sb Zn Ca
K Co Al

HfTh Al La Sm As Na Hg Ca Sb K Zn
FLER Fe Sc Co Mn Cr
Lu Ce \%

Th Fe Ce Co V Hf La Ca Na Zn K
S Sc Lu Mn Sm Cr Hg
Al As Sb

Th Co Cr Fe Al Mn Lu V Ca
o Hf Sc Ce Sb As Sm La Hg
Na Zn K

Cr Hf Zn Mn K As Lu Ce Sm La
Fe Sc V
Al Sb Th
Co Ca Na

Cr K V Sb Ca Al Hg Sc Th Sm Ce Lu
B 5F Hf Fe As Na La
Zu Co Mn

Cr Co Sb Ca Fe Mn Hg Th Na Lu CeSm
Zu V Sc As Hf Al K La

L7z Hg DN BEOMSMIC L 258 L8B3 LN L0 - 72, ZORRIT, Bl
NBHERTGCHED 35 FEFEDRNE RRFRE L DDLU LE LN EEERT 5 L &
biz, BREEECICY FEERL WA XY I % 8 TiMHEND EBREOTZEF
FF TR ER2REL TS, 22T, 2B L0HFELEZRL 2BV EEEZ,
BEBTLEIZOWT, HEHER & DE % RA, KR & 2 BMESRE (EF) 28K L TA
7z (F&4),
EF = (X,Sc) moss,” (X, Sc) soil

72770, XI3&/ICHKIBE, ScliSc (RA>y >y L) THRBELERT, 22T, Scxt
BRETE L L THWREY, ScHT—FH BT WwiEaizls, LIFLIT Al R
RETEE L THWLNE, ZOBHBERESKEITUTKEWITZEXBLUND LDEED
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F4 XI5y hDHETTEDOMEMERIC T 5 BEE

U BLER SHL BAHE] EEL R T H &FLfE BF BE S L #

Sb 1820 410 880 135 152 367 1670 872 524 603 498
Hg 646 165 532 241 207 — 1290 640 259 386 995
Zn 1470 254 859 77.4 89.5 151 617 805 370 309 322
W 154 74.7 <48.9 16.9 <22.6 <27.2 4020 93.0 27.6 52.0 69.8
Se <660 <240 440 <203 301 <407 <652 <322 <181 <284 <419
Ag <471 <171 <34 130 <145 <232 <349 <191 <110 <202 <224
Cl 474 105 457 108 <52.1 313 201 227 44.8 65.5 403

Br 308 <160 193 <67.7 <67.7 <163 456 <107 <103 255 <209

As 141 122 89.6 67.7 32.9 124 312 149 288 217 98.9
Cu 280 69.1 160 27.4 9.5 96.3 90.4 92.7 37.6 <64.5 78.1
Eu <91.7 48.3 <122 <42.3 128 <67.9 <135 55.9 <32.4 <118 <218

La 34.8 20.7 31.8 43.4 141 110 20,1 27.7 21.1 21.3 64.6
Sm 31.2 207 28.1 33.8 33.8 8.5 17.7 33.1 20.3 17.2 55.9
K 84.2 6.7 91.2 17.0 2.9 181 16.4 20.5 9.3 13.1 45.1
Ca 34.5 7.2 19.4 2.8 3.3 8.6 23.6 6.3 3.1 12.8 13.9
Mn 18.5 9.1 7.3 4.8 3.9 6.0 31.7 6.8 4.9 25.0 8.3
Ce 5.7 3.0 4.5 10.4 18.1 21.0 2.2 3.8 3.0 3.4 7.5
Lu 4.4 3.2 4.4 6.4 22.0 9.8 1.6 7.0 2.8 1.4 8.4
Ni 7.3 <2.7 6.8 2.3 <2.3 <3.8 8.7 <3.2 <K1.7 <K3.3 <4.2
\% 8.1 3.0 4.0 1.4 1.0 2.4 9.1 3.2 1.6 3.4 5.0
Ba 6.0 1.2 2.6 3.1 3.3 5.7 4.8 2.5 2.2 4.7 4.8
Na 5.1 2.9 8.4 3.3 2.4 3.3 5.5 5.3 4.8 3.9 4.0
Hf 2.6 2.2 5.9 4.0 1.7 2.4 2.7 5.4 6.0 3.1 3.1
Al 4.4 2.4 3.5 4.3 2.1 2.8 3.7 2.9 2.0 5.2 3.3
Cs 2.6 2.2 4.9 3.8 1.5 2.2 <22 5.0 4.1 2.8 4.9
Co 4.8 2.4 1.6 0.7 1.0 2.3 10.4 2.1 2.4 2.4 1.5
Ti 4.8 5.6 <1.3 1.9 <0.6 2.6 3.4 2.1 1.7 3.5 2.1
Th 2.3 1.3 2.4 4.2 4.9 3.3 1.7 2.8 1.6 1.7 2.1
Cr 5.1 1.4 3.3 0.5 0.3 0.7 3.3 2.1 2.3 2.0 1.6
Fe 1.3 1.1 1.2 0.9 0.7 1.4 2.0 1.3 1.5 1.6 1.6

KEWZEEZRT, B, o7 v Z7HAOHEBEMBIZ DWW TZSEEIE L Twi iz
B, ES5IRLZLDZHALZ, £4H5HX¥> T4 Sh, Hg, ZnH0BIEREH M
TN HNGEEIZ B 2 & A7 ), WS Fe, Cr, Ti S0 Hiskeh (= Hobkit) %\ TE £ 7P
AR EB 2 TR L 72, BE2 6 (BT ABHRETE L E 2 S ILRAFER E OBLGED
LOLBbNEY, CNLDEEREZY 7)) v FHEFNICHET 5 &, {FICEDOHENTBEH
ERIEVEm 2R L 2L R SR ILnT > 7icBWT, ZFUEDBRERED T
WCHIDH > TN AR TEEIICE % B &0 ) #ERIE S 72 5512, Shb d B RS,
BRET, &8 ILITI0D A ——%/RL, @iz, BEIL, BFiCBwTERWER A SN,
Hg iz DWW T3 & F 1L, Uik, Sl FOMBEHMX TEWERID A S 7205 BRETD Z4b &
MIERENMERZ R 72, £ LT, FH, BFFETEL, AL 0BEREIIKAFRE
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F5 BIGCHEOMERIC BT 5 HFEEY
Hifyy . ppm
el. TrEE el. FEE
Ca 41500 Br 2.5
Al 82300 Cr 100
K 20900 As 1.8
Fe 56300 Sm 6.0
Na 23600 Sb 0.2
Cl 130 Co 25
Zn 70 w 1.5
Ti 5700 Eu 1.2
Mn 950 Th 9.6
Cu 55 Sc 22
Ba 425 Hg 0.03
La 30 Se 0.05
A\ 135 Ag 0.07
Ce 60 Hf 3
Ni 75 Cs 3
Lu 0.50
7 8 87 30 35 353025
6 s SOx(ppb) A6 U NOx(ppb)
. A2
2 \\ \ 6 Tk K=
20
6
itk L Y Wi
R
w ! 7 6 25 20
e Dust (ug/m)
HH
2epe kT
- b
e » i
w5 L 2 FIHOKRABLRKR (19874 F 1)

40

ERRL T 2D TRLW EEZ 5N D, ZOMICERREID Zn, £F LD W S0 l#ER
BoEG2»rEBE &I N,

—7, HNDKRAFRKIE A 57212 1987THEEN LT DO KRAERMEIC L 2 gt
¥ (SOx), @HEILY (NOx), FHK U A (Dust) DEFEMEL FH T, KABERE %
R L TA 72 (M2). 2R, Wit s v THNEER A 50, Hg, Sbo ks
BIERBOKRE TR BHEECOFH L ITITHEL 72,

Z OB TR, MBS L CoIBRIC RO S T B — AR 7t
INEND a5 DEFRLOLBOMBTIT 21T, ELICHEENE
5:Ez 605,

#AEC & AR L 7255,
WIRHT AR BRI 7
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SEDOFHERERY L X Ty Hg 0k ) hBELBBIER, ZOEBEIHC L - TI2HE
AEROFEN E2¥) FIZ & 2 RAFLRLUNDHBL T 285005 5 2k Rm, B-
TNODEFHERIKE L 2FHMEICIZERAH D2 Ll -7, 2L T, 285 DEE % HE
B SHEE LT3 37 S &ICHRMR & MBI & DIFAEERIC L 2 IBREIE % I E <+
DOMWENMRTHBEEZ LND, 8, NGBEBERENS WL Z3 512 Hg, Sb »
$9 2By 6 OB EE L 72 BHERY (EF) OMSMLEIZ L > CAREROBEL
SNEERICIBTELLDEEZ Lis,

sE XM

1) B E#ife, HARD, FHZETF, BEE— HHIE. X o4 (Bryum argenteum Hedw.) s
HERIC & 5 RAFROFHEIZ BT B, ARBERELE 2205), 347354, 1987

2) B A B LME EH I T, BEAT, HAET, EEE— ArHNTHREELREIZ L 5 KAF
Qe OBGEICEIT 255, MILERIREACE, 23A, 65, 1987

3) BAL¥S®  bER (SKET3M), I p. 21, 1984

4) BER B CEOIEERRTD) BSOS RRALT 0 VLDV R %812 B 5 BRS1L20RF 32,
p. 77, 1978
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An Evaluation of the Air Pollution by Using Ratio of
Heavy Metals Accumulation in Bryum argenteum
Hedw. and Parmelia tinctorum

Takeshi IsHII* + Yusaku NoGaMI* - Jun NAOHARA* - Makiko HIRATA* -
Kazuko NOSE* - Choji Ic1** and Fukuichi FUJIWARA***
* Environmental Resources Reseach Center

Okayama University of Science

1-1 Ridai-cho, Okayama 700, Japan

** Tsuyama Museum of Science Education,

Sange, Tsuyama 708, Japan

*** Department of Public Health

City of Okayama

1-1-1 Daiku, Okayama 700, Japan

(Received September 30, 1988)

The relationships between the levels of the air pollution and the levels of heavy
metals in Bryum argenteum Hedw. and Parmelia tinctorum were investigated. The
concentrations of Ca, Al, K, Fe and Na in Bryum argentewrn Hedw. and Parmelia
tinctorum were higher than another elements. These results were similar to previous
paper. The differences of relative concentration (concentration,“geometrical average
concentration) of Hg in Bryum argenteum Hedw. at various sampling points were not
recognized. The main reason is that the concentrations of Hg and Sb originated from
both of the soil and industrial pollution. Then the enrichment factors (EF) were
calculated to exclude the effect of the soil origin. The EF of the man-made element in
Bryum argentewm Hedw. at the urban sites were higher than those at the rural sites.



