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Table 1 Size and time scale of environmental pollution

scale
horizontal vertical time
Global Pollution — International Organization 1000 km 4~10km 1~ 5 years
i ion—— National t
o oliatany | onal governmen 100 km {~5km | 1month~S5 years
Local Pollution — Local government 10 km ~2km 1 week ~ 1 month
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The Selection of a Background Level Monitoring Station
of Pollutants in Freshwaters from Lakes in Japan for
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Abstract

Twelve lakes with surface area of more than 4 km® and mean depth of more
than 20 m were examined for national and global environmental monitoting sta-
tions, using limnological parameters, natural factors and simply determinable, socio-
economical factors.

Limnological factors include the ratio of surface area to watershed aréa, the ra-
tio of water volume to watershed area and hydraulic residence time., Natural
factors do the inflow of hot spring water, the effect of volcanic activities, forest fire,
and geographical and geological consideration, Socio-economical factors do popula-
tion density in watershed, number of city with more than 50,000 population with-
in 50 km around, the presence of highway in watershed, the presence of airport and
air line within 10 km, the presence of sightseeing launch and motorboat, agricultural
use, fishery activities, power plant and others.

The present results suggested that Lake Mashu and Lake Kuttara would be suit-
able for long-term monitoring stations of background levels of environmental poliu-
tants in freshwaters,
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Fig. 1 The ratios of surface area to watershed area, and water volume to watershed
area in selected lakes
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Some Limnological Features of Lake Mashu
from the Water Balance Point of View
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Abstract

Lake Mashu with surface area of 19.6 km?, catchment area of 32.4 km? and
a maximum depth of 212.0 m had once the highest transparency in the world, The
lake which was formed about 1,000-1,500 years ago in Mashu caldera is a typical
closed lake with an extremely small catchment area compared to the area of water
surface. A preliminary hydrographical study was performed in 1981 to describe the
water balance of the lake.

A water gauge has been set up at the lake shore since June 1981 to measure the
precipitation and the change of water level. In the humid region such as Japan where
precipitation is higher than evaporation, no lake with outflow can exist. Namely,
surplus water is presumed to flow as ground water seepage. The annual gross of wa-
ter balance was calculated on the basis of annual mean precipitation (1,100 mm)
and evaporation (370 mm) which was estimated from annual mean temperature
(4.5°C) using Turc and Tamm’s formula.

It was concluded that a considerable amount of lake water seeps into the ground
to appear as springs at the outskirts of the mountain around the lake. The water
level from September to October 1981 showed 30 cm increase with the precipita-
tion of 334 mm, which revealed that seepage to the ground increased when the
water level was high and decreased when it’s low, From interpretation of air photo-
graphs, several land slides were observed on the slopes in the areas of pumice and
volcanic ash and the influences of them were also observed in some area of the lake
surfaces, suggesting some effects on the transparency of lake water.
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Fig. 1  Geological map and the distribution of landslides in the area of Lake Mashu
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Fig. 3 The relation between precipitation and the level of water of Lake Mashu in
the period of Sept. 23 —Oct, 23, 1981
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Table 1 The heat stored in the water mass of Lake Mashu in the period from
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Major, Minor and Trace Element Contents in Lake Mashu

B R 2 B'-®M & £ KX B #!

Yukihiro NOJIRI', Takayoshi KAWAI' and Akira OTSUKI"

Abstract

Major and minor metallic elements, such as Na, Ca, Mg, Kand Sr, in Lake Mashu
water were analyzed directly by ICP-emission spectrometry, together with B and Si.
Major anions, such as chloride and sulfate, were determined directly by ion chro-
matography. These distributions were relatively uniform from the surface to the
bottom. The concentrations of trace metals were determined by a preconcentration
method using complexation to 8-hydroxyquinoline and adsorption to C,3chemically
bonded silica gel. With 500-fold concentration, sub-pgf1 or ng/1 levels of 12 trace
metals in lake water have been able to be measured simultancously by ICP-emis-
sion spectrometry. The concentrations of acid soluble trace metals in a sub-surface
water of lake Mashu were determined as 1.2, 0,15, 0.76, 2.6, 0.6 and 0.24 ug/1 for
Al, V, Mn, Fe, Zn and Mo, respectively. The concentrations of other trace metals
were lower than 0.1 pg/1, for Ti, Ni, Cu and Pb, 0.06, 0.03, 0.07 and 0.05 ug/1,
respectively. Those of Co and Cd were lower than the method sensitivities, namely,
lower than 0.004 and 0.006 ug/l, respectively. These remarkably low concentra-
tions of trace metals seem to be nearly the natural background levels. But, the verti-
cal distributions of the concentrations of several elements were found to be slightly
higher in surface water.
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Table 1  Analytical wavelengths and detection limits for ICP emission spectrometry

Element Wavelength/nm Detection limit/ug 1}
Al I 3082 20
Ti o 3349 0.5
v n 2924 2
Mn o 257.6 2
Fe o 2599 2
Co H 228.6 2
Ni O 2316x2 6
Cu I 3247 0.6
in I 2139 4
Mo o 202.0 6
Cd [ 2288x2 1
Pb o 2203 20

I and T indicate atomic and ionic emission line, respectively.

x 2 indicates 2nd order emission line,

4, PIRAHE

4.1 FERTOERER

ICP B%aiikic i b Na, Ca o7 mRiK20T, BEEFRDLLBKERE 20 388
LTER L,
REFPETEREEHCT Mo, Fe, Zn BEDRFLEEKCL TEEST L, ERIGRE
WEERO,

FTh, o—F Y —IAHL-F—FROT 205 RERER LcEE 20T ICP HAas
L URFEHFFERFRAEERO, EEthO TR 20 THr Lt

AdYonv b 7374 -KEDIE A4 Y LEfRA 4 Y DEREIT -T2

42 HEBEERAROSTHABICLDIER

HARSEERS 1000g £REEL, n—48Y —IT A Lb— 4 —EHOTH 100m] CERERT 5.
HEHC, 8-k Foxyd,/ Uy (HESER) | gkl ( 01N SBEYE) Iml 8K,
Za—bkFaby K 0] BKER 30 ZI0A, 7= 7K (BELSREFTERARER) KL
DpH%E T0 &35, RBEAFRBY Y v JiED, A58 Fywb ) saa vy LGy
D#AH 74 ( Waters BISLEIBIMBA 7 4 R B—=¥ 78 5 5 SEP-PAK C ) @ ¢, il
50ml /min LT A, #97 AREFEETIC A7/ —ABLUAZ Y RBERELDVHESRF L TEL,
SB+L— FOWB LA T Lk A R HBK 10m] Teede LIc®, 44/ —v (st ER
BREMERGRA) 2ml 24720 YOTHBIETHEEL, 550 LHFRELTH D 4ml 7
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#3, +HARTEET, 1001 FORRUHBEMAD > DERLZE S5, #E 3004l
DO TL e 0INHER2ZmI THEELFRL TICP BEamAER &3 5, C OBRIET 500
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Clan7a%BLTHERSRERE L b0t LT, #KERHIEM LicR OMRHEgzmA,
HEER CBREEELEIT-T, 77 7 EERDI,
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5.1 XERgoER
BRAMMAKICEENE{E8ENETHEELT Na, Ca, Si, Mg, K, B, Sr D7 LROHE
Afahs ICP BASTERL VEEER SN/, TBEMMA 4 v EHBA v HB14 7 a<b
7374 -REVEBEREINI. TOREREMIER2 ILRT . FBKERICA ¥ ST
4% — ( Nuclepore FLEE 04 #m )} 2RV TRMA LIk, FHRIGSEEIIMAT pH 1.2& LR
BLOEE 10m Y 7HK) £20Th ICP BTk L VEBRA ROERE (T4 L
A, MBEGOLVRELEEDERA LN, T, BERAMBKIRENESERTLE, X
BREATEOHEICIIMBOVENSLLNN, BEAERLCHEFRBILS S INLOTROER
B, SERMFCE > TEDSH .

£ 2 ERMKhOLHSEE R FHMERS TREE
Table 2 Major and minor component concentrations in Lake Mashu
water/fmg 1

Element Depth

2m 50m | 100m 150 m 200 m
Na* 16.9 16.9 16.7 168 16.6
Ca* 8.47 8.46 8.47 848 | 859
Si* 4.72 472 471 4.70 459
Mg* 3.37 3.36 3.36 3.36 342
K* 15 15 16 1.6 1.6
B* 0.115 0.114 0.114 0.115 0.117
Sr* 0.019 0.019 0.020 0.020 0.020
502t 13.6 13.5 12.2 12.6 13.0
c-t 9.8 10.3 6.7 74 78

*; ICP emission spectrometry
+; ion chromatography
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5.2.1 BEBORMHRE

B-tFosvd/ ) Vi3, HEL OLBETREBKES L - b 5EmT 5. AP, Ti'Y,
v, Ma®t, FéT, o, N, ot 2T, M, oY, PYPY MY AERE
D pHEFEHERIT L. BOH Sug KELT pH4~ dOWATES LT, V, Fe, Co,
Cu IOV TIE 90 ¥ LDO—EOERE MBS NI, Al, Ti. Ni, Zn, Pb T3, pH #8&
R BRONEREHIERT B, pH 7T 0L EDEIRE L 54, Mn, Cdiz2T 90
%L L OEIREEFHICE pHE BLEETAMEHMSH -7, Mo i3 pH S5 LT TR ERMC BN
dnzH, pH6LLTRARESETS 5, hHKOERATHEO—~2THS Mg (2 pH 8
LETB—bFotxv4 /) VL LTH 5 AREBEEINIEYD, BBLE L OSBENE(L
T3, LT, ZRNEMAKITO/OHORMEELE LT, pHT & LTEBBRELTSICEEL
to €@ pHTH Mn, Cd, Mo ROWTREZNEN, 71, 18 30% DERE & 75545, MO
FIZ2OTR W0ELLORIRBHE SN, EEWEBHARELN S,

o, BEROOUREBRIEKEH 7 aZBTHREICITREAEEKELT, 50m! /min LD
HEBTHERBOBE TRz, &EBF L -+ OBBEGE, BBELZ T 3DRLLT,
ERAERTACEEERBLTRI Ui, TOER, 2ml © 2% /7 — Atk b ESKE IR D
Bonsdz Ebghat,

AFEL - TEf I NIBESELER, HikdoeeBREEZTLOLEDNE. N3,
HEREMLo—5) -2 R L — ¥ ~TTHBIC, 05N LLEORHEBETEPL M CEd 310,
HBILEMEBER LTV 2BRRELIERHE LTV 3EEACNA LD TH D, BYLIRI Y
ZESFEELDODOTE, BEGHDTH D,

5.2.2 BRBEAOTI o tRETESLIUBRY

WBREBTRETBRE LS 4 vadfkioy L TERREELITO, BB UBERLETF v
TR FKICOHVFREORDY 5 v 7L FEICLHBHTRE, HKbORBEE LTR
Ltze #2720, Mn. Mo, Cd €20 T, %RiRLABNRLEELTH S, V, Mn, Co,
Ni, Cd &20TREEDT 7 2 B#Esond, BHETRIIFEL IKHE L [CP Rt SED
R AED 1,/500 iKY T 2. thOLKRIKBELTRERO 7 7 v 7 BB o/, HFiT
R L7277 ¥ 7 B OEHO 245 & L TRIETRERD 12, FBOER#HAKORELET
RBEEHELT, Al, Fe, Cu R 1710 BELTALTO 7 7 ¥ THY, BHEOLOERH
125, Mo, Pb @75 ¥ 27k, [CP OBEEOBRMBRMICHT S, Ti, Zn KA KEXL T3
vIheH Y, AEORETHEEREL TV, 77 Y 7HOEBRISEORETH 5.

AEER T 1980 12 B 10 0 BB O SR AR S B O TRE L - 2B AR (5
B8m) DM EAEIRVELIT T, ATRELZSY TRILTRT. HENBEOGE, AL, V,
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Table 3 Method blank and sensitivity on 500-fold concentration of lake water

Element Method blank/ug 1 Sensitivity/ug 1 -2
Al 0.12 +0.08 0.15
Ti 0.050 +:0.018 0.036
v <0.004 0,004
Mn <0.004 ’ 0.004
Fe 0.045 :0.016 0,031
Co <0.004 0.004
Ni <0,012 0.012
Cu 0.005 :0.003 0.005
Zn 034 :0.14 0.28
Mo 0.15 +0.05 0.093
Cd <0.006 0.006
Pb 0.051 =£0.016 0.034

# 4 BEEHEKEMOBOELMTICET 535N

Table 4 Method precision by replicate analyses of lake Biwa-ko water

Element Concentrationfpg 17! RSD/%
Al 8.42 +0.28 3
Ti 0.144 +0.021 15
v 0213 =*0.012 6

‘Mn 500 +0.28 6
Fe 11.44 +(.15 1
Co 0.012 0.001 12
Ni 0.019 10.002 11
Cu 0.49 10.01 2
Zn 0.30 10.13 43
Mo 0.51 +0.06 12
Cd 0.022 £0.019 86
Pb 0.053 +0.011 21

RSD = relative standard deviation

Mn, Fe, Cu ik L Tt 6BLITOMTREENE SN, 757 DFW Ti, Zn TR
HOIF 5o AKE o foe MBEFEHL, REMAAD MBEANORFROMI) OfHil,
AT 2O LRBICE » 7RKCE - THRRLAAES T YD, HEBRE (pH2) L L T

20 CHEERELI. - T, FEES A ROLBERBASNISDA YT LYy 7005 —

{ Nuclepore L% 0.4 4m) i THEA L2k, MTRIEZRIT » e —F, BBETHTICALIT
TERTRT L, 77 AR AEE2FDRENMNET TS, Ldl, BonfeatrEidid AL
R L2l & BAUEC , BRI B SBITRAMRYE S DB LTV A T EHEA SN

v
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5.2.3 ERBHAOH

RS ITERHMEROBBEBANEERT, 2,50, 100,150 LU 200 m OEEHL, Go-Flo
FRBILDHDTH D, Sme 10m DEFEOH » FIEAKICL 2HE TIRE M EIc 2R
FHoNUS-T, TLTSmMIZDVT2EH, 10mic20T 3RDHEBDAIHEOESE 5 —
10m ELTRL, Fe, Mn BEEBRIED 200m TERED EFEHAGR, Co il 20 TLEF
PRI ERITH 5, MOTHEIEL, MIOEELERTELE OmEBET —EDBELTRLTY 5, Ni,
Cu, Zn, Pb @RETOPSVRBELH-THWRZ E8FEHENS,

% 5 BERMOEHEBRATRONES AN (g 171)
Table 5 Vertical distributions of trace elements in Lake Mashu/ug 1 ™

Element Depth/m

2m S5—10m 50m 100 m 150 m 200 m
Al 1.3¢ 1.24 (.16 1.04 1.1, 094 1.04
Ti 0.05 0.06 x0.04 0.06 0.09 0.06 0.05
v 0.16 0.15 +0.02 0.16 0.16 0.15 0.15
Mn 0.79 0.76 =0.01 0.78 0.82 0.80 1.38
Fe 2.65 264 :0.24 2.6, 294 2.8, 8.8
Co <0.004 | <0.004 <0.005 | <0.004 | <0.004 | <0.004
Ni 0.036 0.027 +0.006 0.024 0.015 0.019 0.018
Cu 0.09,4 * 0.069 +0.028 0.05, 0.05, 0.045 0.065
Zn 093 0.63 +0.08 0.53 0.48 0.45 0.42
‘Mo 0.18 0.24 +0.06 0.22 023 0.18 0.19
Cd 0.006 | <0.006 0.008 | <0.006 | <0.006 0.006
Pb 0.18 0.05 +£0.03 0.06 <0.04 <0.04 0.06

g1, BE 10 mOBRIC2CTEHBKAERCREE LARRIC 20 TH 2t E2iF > THEE L,
RIBTO@BiITHBV T, Ni, Cu, Zn, Cd, Phb BEORFILHVT, BALhEa s 3
—Ya YHREHLNIL. LL, Al. Ti, Fe 3, @ik D 172 UTOERELED, Mn
bEEOEDYH oo INODOARSBIBME L THEEL, HEBORM & RERIFICEDBEREL
TERSNLZC EHHLLICE- o, SEOEMIR TR ERBNEEISEI LV, RIgIKEH 3
VY IF-Ya DRy, BENHLAEMHEOARESEROBRETH 5.

Mn, Fe, Zn €20 T, BEFEFREECL 2 BEAIELTETS - 2. TNTNOER
Be, SMBMEE [CP BAMTEIR LS FRELHEL, SWEOEHEELF v 7 Lita Mo
20T} £0.1 g1, Fe 2WTiE £0.6 #g/1, Zn K20Tid £0.2 ag/ 1 OHFENT2
EOERMIT—H Lo FEMTHICERBEORDLASNLLL,



T, 0% ) —xnfL—g—iCkD 20 EERBEBEICL TS Mn, Fe. Zn i3, ICP &

RAFEICL ZEREMNE SN, 5— 10m OEEDOHFAKIZ2OT, Mn 0.6 #g/1,
Fe 23 ag/l, Zn 05 #g/1 OFREMSE NI, STHBBE [CP RXATKICK 2@ & HE
LT, POEDDETSH 5. HARABDES, BRABGOBRE LTw{ &, REHEy 1 BB
BEBRL, MOSBRESEER LVBREINZBALS D TERATHKICD0 TS, Na, K
HERNICERS OB L T, Mg, Ca REVCERRES 2, #-T, BEREFICED
fERd, 0ERENRRATH L, T, TERDSTE. i Mg, Ca LX SRERKRETT
e, BEBESELNLT LI ZTEHNENS 2D, BREBHRAIDT O OSBBHEOLE
HIZHOHTEH - 1,

Cd i3, HuBEERYE L LTEETSH 0, ERAMMKOEBE, € 0BREMIFFICE,
ICP BEAMTETIE 50045 DBBICL - Th, THAUFEEBMITAMD >k £T T 0050HR
BAE, BLU0EARBERRICO VT, REFHFEAMELLZERET -1, 2HR
MR L2 & 5 - 10m OEFEORKMOFMSME LT 0.007 £ 0003 zg/1 THY, RyE{ES
e X 3 & RO EEHCH LT 0.004 £ 0.004 ug/1 ThHofe 7oL, BREFREETIE, KR
WPRFRNEORIRABEDHETH 5, CHOOERMG, Cd BEIIS00E8E ICP Rin
FHORHER TH 2 0006pg /1 BELEZONZ, H-T, ERUERICE, ISKBVR
WBELBLBLETH 5.

6 E B

R TH oNABERAEHKTORBEBTEBEIRDTEN DO THY CNITHT 5 BER
IEB T, Henriksen 57 (3, /9 z — O HIRIGER DD WHIKD 110 5FHCE £ 30
#ETCu, Zn, Cd, Pb OFBET-T, ~Nv2 5539/ FLntLTEREN
<0.5-20, 05-12, 01-05, <05-20 g/ 1 2EZ T3, #2£7L, Cu, Pb L2T
i1, SHFEOREORES B XN THEESE RS - 72, Bradford 541, BT ANET
Mz 3 28 LRbOEIL/NEREE 170EHC2 0T 20045720 L 3000 45 B ke B < ¥
— 2 BRMTET 21 AROERERA TV 5. APROMRE L LBBEE LR, S Ti ZHRO
f2 11 LHRESOWTHBTE 3, Fe, Cu, Zn 21 E4t 05, 0.3, 04 pg/1 DILEDEETE
TOBIE>OTHRIE N/ . Mn, Mo, Pb 1 0.3 2g/1 PBRHERA CEEHROHTRESNT
W3, V, Ni & 03 xg/) BSBBBRTERLTOMTOABH SNz, Co, Cd, Al O
BRI ENFN 03,3, 15 2g/1 ThiH, BEALTRTOBTHRHEEINE L 1,

TR, SEEOHE LOKEFNIRLAETHY, TAAY, Tl ) TETESEDT
(B ORKTH L DOHGRTH b HENEH Lo K& OMiEic & » TERENBRA#ME, T
NOOBBRETOEIRBTIORELY, Th, MREOCRVLHEERECL T 2, L
HL, BEALAFERLEENSSEOHONS Ni, Cu, Cd, Pb FOXTHEK2VTADE, &

e}

[
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yI IO VLN E= Y VMR E L TOREREAT RS L - TENEEZ N B,
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ITROBHO RN IR, Ny s V59V FLRANEZS ) VI DEDRMNETH DL ER
5 b
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Concentrations of Nutrients in Lake Mashu

KO %!

Akira OTSUKI!

Abstract

The concentrations of total phosphorus, dissolved orthophosphate, total nitro-
gen, ammonia, nitrate and nitrite in lake water samples from Lake Mashu were mea-
sured in order to watch long-term change of lake water quality.

The concentrations of total phosphorus (2—6 ug/l), reactive phosphate-
phosphorus (0.8 -3 ug /1), ammonia-nitrogen (5—15 pg/1) and nitrite-nitrogen (less
than 1 ugfl) at different depths near lake center were almost the same levels as
those in 1931 and 1972, but the concentration of nitrate-nitrogen, that was not de-
tectable in 1972, was observed to increase from less than [0 ug/1 to 15-34 ug/l.
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Table 1 Concentrations of Nutrients in Lake Mashu

B ok # R | NH-N|NO;~N |NO;~N |Org—NY | Total-N o~PO,~P  |Total-P*

2 EE(m) | Ceg/1)| Cogr1) (ng/l)bﬂg/l) Cng/1) | Ceg /1) [(pg/ 1P Cog /1)

st. 1 2 15 34 1> 106 155 2 3.5 6

" 50 7 27 1> 42 76 2 1.7 2

p 100 5 15 | 1> 44 64 1> 0.7 2 .
w 150 7 21 1> 43 71 1> 0.8, 2

” 200 9 24 1> 36 69 1> - 2

st. 1 o | 7 27 1> 48 82 3 -

5 1) Org—N=(Total=N)~(NOs—~N+NO;—N+ NH, —N)
2) Ay b 7h— b TREET 20 SR BRI
3) Total—P (3 3EHAE, 0t 2 BRAIE
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g B X B

1) il (1972 ) @ BBERRIFIRERRAERSE, (BERAD.

2) Bk o LAEET - M (1955 ) ¢ ERHIOMLENTE (1954 F 6 H otk ) | /kifiLa
HEHd, 10 (12)(51AXE1L ) p.16)

3} Menzel, D. W. and N. Corwin (1965): The measurement of total phosphorus in seawater based on the lib-
eration of organically bound fraction by persulfate oxidation. Limnol. Oceanogr., 11, 280— 282.

4) Murphy, J. and J. P. Riley (1962): A modified single solution method for the determination of phosphate
in natural waters. Anal, Chem. Acta, 27, 31-36

5) Otsuki, A. (1978): A reactivation solution for a copperized cadmium column in the automatic determina-
tion of nitrate in natural waters. Anal. Chem. Acta, 99, 375-377.

6) Otsuki, A. (1980): Automatic determination of ammonia in natural waters using salicylate. (unpublished
method)

7) Solérzano, L. and J. H. Sharp (1980): Determination of total dissolved nitrogen in natural waters, Limnol.
Oceanogr., 25, 751-754.

8) ME=X - OEEE (1931 ) ; #MRHAE (EEH) kR KERERS, BHM 1-18.

9) Technicon Method (1973): No.161-71W.
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Analysis of Halogenated Organic Poltutants in Lake Mashu

A A B OR-d 4 £ KR #© !

Hiroaki SHIRAISHI' , Takayoshi KAWAI' and Akira OTSUKI!

Abstract

Organochlorine pesticides in Lake Mashu were analyzed with respect to global
environmental pollutions by halogenated organic compounds, The preliminary re-
sults show that three benzene hexachloride (BHC) isomers and dichlorobenzophe-
none were presented in surface water. The concentrations of «-BHC (0.020 ng/ml)
is almost equal to the highest reported value found in the other remote areas.
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Sampling and Analysis of Lake Mashu Sediment Cores

o & BB X Z-F B B ®
HOE & ¥R & ® K

Haruhiko SEYAMA! | Mitsuyuki SOMA! , Masatoshi MORITA!,
Yuko SOMA! and Takayoshi KAWAI!

Abstract

As the initial stage of a study to determine the concentration level of environ-
mental pollutants in sediment sampled from background areas, a preliminary sam-
pling of sediment cores was undertaken at Lake Mashu in Hokkaido, Japan. The
qualitative elemental analysis by X-ray photoelectron spectroscopy (XPS) and quan-
titative analysis of benzo[a] pyrene (B[a]P) by liquid chromatography were carried
out for the sediment cores.
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Fig. 4 X-Ray photoelectron spectra (binding energy range from 20 to 190 eV) of
Lake Mashu sediment samples

a. sampie 17 and b. sample 1.
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Fig. 6 Mn 2p and Fe 2p photoelectron spectra of Lake Mashu sediment samples
a. sample 17, b, sample 1 and ¢. sample 21.

# 1 BABNEEAMO XHABTR <7 b O E— 5 #E (keps)

Table 1 Peak intensities of X-ray photoelectron spectra of Lake Mashu sediment

samples (kcps)
Sample No. '
1 5 6 13 16 17 19 21
Peak
Si2s 1.3 2.6 3.0 35 35 3.4 3.4 2.8 !
Al2p 0.2 0.4 0.5 04 0.5 04 0.4 0.4
Fe 2paj 5.5 0.8 0.7 0.7 0.8 09 3.2 11
Cls 8.9 9.0 35 4.6 8.3 7.5 6.7 7.0 -
Nls 0.3 0.5 03 | <02 0.5 0.5 04 0.5
Ols 19 27 27 26 32 31 33 29
Na Auger KLy3L33 <0.3 0.5 1.2 1.3 0.5 04 0.3 04
K2p - - 0.2 0.4 - - - - .
Mn 2p3;2 <05 - - - - - <05 2.4
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Table 2 B[a] P concentrations in several sediment samples (surface sediments}
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Arrow points to B(a] P peak.
Arrow points to B[a] P peak.
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Measurements of Background Air Qualities
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Tsuguo MIZOGUCHI' , Masayuki KUNUGI! , Hiroyasu ITQ!,
Masataka NISHIKAWA' , Sumiko UEHIROQ' , Keiko MIY ASAKA!
and Taeko HIROSE?

Abstract

The present atmospheric level of background air pollutants was measured on
Sanriku-cho, Iwate pref., Ogawa-mura, Ibaraki pref., Mt. Yamizo, Lake Kurobe site
and Haginari damsite, Akita pref..

The purpose of these measurements is to search and select the site whose air
quality level is considered to be background air pollution in Japan,

The observations of §0;, NO, NO, and O in the air at Sanriku-cho were car-
ried out in October 1980 and their average values were 1 ppb, 3 ppb, 2 ppb and 36
ppb respectively. The average values of S0, NO, NO, and O3 in the air observed at
Lake Kurobe site in August 1981 were 3 ppb, 1 ppb, 0 ppb and 29 ppb respectively.

The air poliution concentration in these sites might be expected to be back-
ground air pollution level in Japan.
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Tsukuba, Ibaraki 305, Japan
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Table 1 Concentration of air pollutants mea
mura et al.

sured at background sites by Kawa-

il | R HEHE A T HnE
% = S0; | 0.8~50 ag/m® | 1.9+ 1.2 ag/m’
NO, | 0.9~48 ~ 1.8x13 #

NG, | 0.9~7.2 ”
EHE NO 0.4~21 ”
CO 0.07~0.27 ppm

1.8+ 0.6 pg/m®
0804 #
0.13% 0.04 ppm

S0, | 0.6~0.8 pg/m’

0.7+0.1 pg/m

NO, | 0.6~32 » 1.2+£05 ~»
mRE NO | 0.3~14 » 0602
coO 0.10~0.19 ppm | 0.15+0.03 ppm
2 B SO, | 0.4~12 pg/n’ | 0.6+0.2 pg/m

Co 0.06~0.12 ppm

0.08+0.02 ppm

£ 2 ERRyocoRERER!”

Table 2 Concentration of air pollutants at Yagisawa damsite Gunma pref.
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Table 3 Used methods of measuring air pollutants
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# 4 EEROELD (ZREET)
Table 4 Concentration of air pollutants at Sanriku Iwate pref.
= gE]
BE#HE | THRE Rl E B aMoE
S0, 0 ~10* |1 108 ~ 1011 | #5&0 0tk
0.039 pp N Pb0, &7 7 /1
0.025 ### }}0'10 11.10 ” 7T L
NO 0 ~28% 3 108 ~ 10.11 | AL3¥FAEE
¢ ~30% | 2 v -
o ~2 1 Fauyw v
NO; 108 ~ 1011 | FYyzss=—w
1.7 T v Bk .
FgT7a—Vav
1.1 HAH YT 5=
CcO 0 ~ 1# | 0% 108 ~ 1011 | SEBLrERFE 9
0, 13 ~52 36 108 ~ 1011 | %4uRRIN
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NMHC - (30) 108 ~ 10.11 ”
13.1 ## B=-F ) a—h
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109 &2 FELEE

)

*$0,, NO, NO, O BAfIR f 3 KIEEDFRILL D bOLEDNS
##3: mgS0, /day/100 cm?*
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Fig. 3 Topographic map of Mt. Yamizo and Ogawa-area
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Table 5 Concentration of air pollutants at Ogawa Ybaragi pref.

&N
Fiie el R il E HHi T B
0 ~ 26 4 11.17 ~ 11.21 | EABHVEE
0.033 s PO, 7T A
S0 19 ~ 12, "
: 0.019 ##4# ] 1119 12.8 77 /L
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0 ~13 4 {L¥HETE:
2 }11.17 ~ 11.21 | NQy 3y &
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38.4 ## 1 ANAEY 5 — &
38.7 ## a—KY a—i
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49.4 ## SeAELE:
46.2 ## TrF—t

7E) B : ppb, #: ppm, ##: pg/m? |, ### mgSO,/day/100 cm?
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Table 6 Concentration of air pollutants at Lake Kurobe site

RS L
[l R 152 $AR g &
SO 0 ~ 15 3 8.18 ~ 8.20 | A kHE:
NO 0 ~ 3 1 B.18 ~ 820 | {2k
NO, 0 ~ 1 (0) 818 ~ 820 ”
: co 0 (0) % 818 ~ 820 | TEEKIHRL
03 13 ~ 48 29 817 ~ 8.21 | %ABBITE
) CHa 160 ~ 175 # 1.64 # 8.17 ~ 8.20 | kFkA * vk
) NMHC 007 ~ 018 0.11 # 817 ~ 8.20 ”
0.0 ~ 40.0 ## 13.0 ## 8.18 S VPRS-
) SPM 100 ~ 17.0 ## 14.0 ## 818 ~ 819 | JtHELHK
14.0 ## 817 ~ 821 | m—HYa—4

) Bif @ ppb, #: ppm, ##: pg/m?

% 1 BRfkOoER

Table 7 Concentration of chemical compounds in precipitation

mE | 80y | ¢1- | NO; | Na* | K* | Mg*| ca* | PH ERE
Ul
mm ppm | ppm | ppm | ppb | ppb | ppb | ppb | - H¥em ™
am |© 0)] 03 | 005 | 120 30 | 50 0| 22 | 51 5.7
= ( 33| 10, | ND.| 10, | 30 | 50 10 35 | 47 7.7
aeg |0 1149 | 139 | 27 [860 | 150 | 179 | 700 | 4.1 | 28
1 3|25 | 020 08 61 50 36 | 100 | 43 | 19
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_Table 8 Concentration_ of air pollutants at Haginari damsite Akita pref.

HES &
R E R AsERR | - AEHE
S0, 4 ~29 12 ¢ 106 ~ 109 | EABT VLS
NO - 16 ~ 8 4 106 ~ 109 |{b3seka:
NO, o~ 2 | 10,6 ~ 109, "
0, 10 ~48 28 10.6 ~ 109 | FEABROE:
CH, 1.63~ 1.69 1.67# | 106 ~ 109 | kFka 4 »{Lik
NMHC 0.06 ~ 0.15 | 0.10%# | 10.6 ~ 109 ”
SPM - T gﬁ::.wﬁ~1a9 L

i) BGr: ppb, # ppm, ## wg/m’
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Table ¢ Maximum, minimum and average values, and standard deviation of 0;

concentration

H H o Cmax | Cmin c o :cv
oA ppb ppb ppb ppb r%
£ (B = T '80. 10/ 8 ~ 1011 | 52 12.5 36.1 5.80 16
FIE 80 1117 ~ 11/21| 33 2 .13 8.42 65
EEEAL 81, 6/29 ~ 761 60 15 31.4 845 27
BUREHS L BLLST ~ 8217 48 13, | 289 | 28577 30
PR S & '81.10/ 6 ~ 10/9 | 48 T 10 28,0 1120 40
HHRRHHE 81, 927 ~ 9/30 | 39.0 2.0 18.0 12.40 69
KFERHAER S — "79.06/ 9 1~ . .6/13.]) 476 1.0. 16.0 | "17.80 111
KRR A 19. 6/ 9 < '6/13| 698 | T 8.4 325 |- 2170 67
FARRT BoAT 9. 6/ 9 ~ 6/13| 324 2.4 12.6 11.20 89
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Table 10 Each element in suspended particulates by X.R. F.

ST 15t 25 SRS Cog/n) IR T

T M Mn Fe " [ Nt " |. Cu ~Zn |+ Pb . -Se {ug/m?)
HFEZEBA80 10, 811 | 20 [, | | 14 .
% 5 R AS0 10, 31-116| 130 | 3200 | 17 59 550 | 180 10 100 - :
WIREL S5 F5 80 110 17-21 34 390 29 94 50 39
WEEABLIBL 6 4-29 42 0 N I T I U € ]
HLAESy L8 8. 17-21 82 o I R B .
ey s 10 e-8 | [ e |0 | : : 9’
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Table 11 Each element in.suspended particulates by N.A A,

SR scmopn | dmosis SRR

Ei N A
-NA 1300. 1400, 420. .- -
AL . 160. 2300 550.
L 1400. 4600, 220.
K- <200 870. 1200.
CA .. 200. 1900. 380. }
sC 0.029 0.55 0.090
I <10. 200. 50,
v . 15 15. P63
CR <1. 27. 1.6
MN 5.2 9s. 17
FE 120. 3300. 430.
co 0.22 2.4 0.22
NI <4. 52. <2.
cu 10. 130. 20.
ZN 10. 600. o84
AS 1.2 58 . 48
SE .2 9.8 095 _
BR. 24 15. 1.8
RB <0.5 31 1.2
MO <0.2 4.2 0.74
AG 0.80 1.4 0.53,
CD. <0.7 11. 1.3
SN <10. <20. <1,
SB 0.35 5.6 14
1 2. 4.1 35
s " 0.047 018" ©'0.068
BA <3, 30. <2
LA 0.09 1.5 0.24
CE 0.48 2.5 0.46 ,
SM 0.012 0.16 0.034
EU: - 0.01 0.02 0.008
YB <0.02 . 0.20 <0.01
LU ~0.001 0.016 £ 0.002
HF <002 <0.04 <0.01 ~
TA <0.04 0.63 <0.02

LW 0.2 52 0.26
“HG ' 0.008 <0.009 <0.003
TH 0.026 " 0.24 (0.060 .0
Bifir : ngfm?®
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Table 12 The ratio of carbon in suspended particulates

il ps:iif=1 RIAPOBCABE (2g/m') | BEFEORR (%)
B 17858 82.4 50.1
¥t S 110 18.9
#H B 58.5 18.1
OB W 23.9 18.6
= B o5 23.4 9.8
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Volatile Organic Material of Plant Origin in the Atmosphere

B F-x B E N

Yoko YOKOUCHI! and Yoshinari AMBE!

Abstract

The monoterpene concentrations in the atmosphere were measured at Lake
Mashu, Yaku Island and Kurobe. The biogenic hydrocarbon contribution to the am-
bient non-methane hydrocarbon was discussed.
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Table 1  The concentrations of @-pinene in the air around Lake Mashu
i = ~ 3
b | uruvosms | B B | X g | om | BE | e-tR B
(t) | (mss) (ppb )
1 B oE B 6A2TH it 19.0 i 0.02
12 : 50 ) '
iHOE K E 6H270
* 2 ~ i h 17.9 0.5 0.06
(Hhs3=w#k) 15 : 565
. ; 6H27H
. 3 3 A HE i N 16.0 - 0.04
16 : 40
6H28d
= 4 B A R A 13.0 1 0.01
810
5 L& L 6H280H
5 (&b 144 0.6 0.06
Cr ¥ 147 26
7w iy OERE 6R28H
6 TR 14.6 0.4 0.09
(bR, &/ K) 16 : 50 o
A
B D
Q
£
@
y
€4
m
10 11 12 13 14 15 16 17 (min)
. B 1 FFBHAAGSD m e 344000 d 7 4L
A a=Yiv B: Avaaxv C: p’—-.t"y’;“/
D: YERY+ F—Z2F/FL¥
Fig. 1  Selected ion chromatogram (m/e 93) of an air sample collected in an A bies

sachalinensis forest

A: a-pinene,

B: camphene,

C: g-pinene,

D: limonene + g-phellandrene
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Fig. 2  Seasonal variation of the concentration of @-pinene in the aif of a pine for-
est at Tsukuba at 11:00 a.m.
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Table 2 The concentrations of a-pinene in the air in Yaku Island
N fE | BE | o-F2xv0E
No | #2717 H & x B
(cy | s (ppb )
TH29H ’
1 g E - A {HD 19.4 0.1 0.12
10 35 .
TH29(@
2 € E-B 3 19.2 0 0.05
10:54 .
E &F-C TH29H
3 %4 20.4 0.6 0.08
(¥225»F) | 14:05 < . ' 09,
% E-D 7H298 "
4 2§ ¢HY 26,0 | 0.3 0.08
(2 ®  #)| 15:40
7TH30H '
5 | AfERB ~ A ] 215 | 0 0.05
) 13:22
7H30H .
6 | puEAR —B | (b0 27 | - 0.02
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Table 3  The concentrations of a-pinene in the air around Lake Kurobe

N | 427 v Bow | X g | R | eTEAVEE
(t) {ppb)
1 |asvsoay g  BA1BH Y 18.5 0.0
i : 21100 | - ' 08
8A19H | '
2 | MFEEBRAF~va v Ch-H| 171 0.08
- 11130
g§H 198 '
3 M E =8B F oM Y] 20.5 0.07
14:00
8A190
4| mwvsoavyg | P Woh | 173 0.04
15:04 :
: , gA19a |. .
5| oy YsoavE Y 156 | . 0.00
19:40 : \
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Representativeness of Environmental Samples
for Monitoring
— Fluctuation of Dissolved Element Concentrations

in Lake Kasumigaura —

oA & medm N M OEeK B R

Takayoshi KAWAI', Masataka NISHIKAWA! and Akira OTSUKI*

Abstract

Meaning of the representativeness of environmental samples in monitoring was
considered. And for seeking monitoring indices of aquatic quality, 7 dissolved ele-
ments were measured by ICP (induced coupled plasma) spectrophotometer at 10
sites in L. Kasumigaura, The fluctuation of silicate concentration was suggested as
a possible index of ecological balance in the lake.
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Fig. 1  Profile of L. Kasumigaura and sampling sites

# 1 ICP fiEsE

Table 1  Conditions of measurement by MODEL 975
PLASMA ATOMCOMP (JARREL ASH)

R. F. Power

Forward = 1.1 kW

Observation height above coil
Sample uptake flowrate
Coolant gas flowrate with Argon

Sample gas flowrate with Argon

17 ~20 mm
1.0~ 1.4 mlfmin.
20 ~22 Ymin,
0.5~ 0.7 /min,
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Table 2 Measuremental results of SRM 1643a (NBS) by ICP-QES

Long period: over 1 year,

Short period: 1 day

Element [Units) Be Na Mg K
Detection limits [mg/1] 1.8 1.6 0.2 50
Certified value of
19+2 o 10° 2x10°
SRM 1643a ng/g] 9x10®) | Bx10°) | (2x10%)
Measured longCV.% | [—] 47 4.3 2.3 8.4
period  shortCV.% | [—1] 3.3 0.9 1.5 0.7
Element [Units} Ca v Mn Fe Co
Detection limits [1gf1] 6.0 24 2.0 2.8 26
Certified value of 3
SRM 1643a [ngfe] | (27 % 10%) 53+ 3 31:2 88t 4 192
Measured longC.V.% [—] 39 49 4.7 39 9.9
period  shortC.V.% | [-—] 0.8 2.7 49 2.6 6.1
Element [Units] Ni Cu In Sr cd
Detection limits [ugfl] 5.2 2.0 2.0 02 1.2
Certified value of
3 1 E 239 + 1 1
SRM. 164% [ngfg] | 55: Bs2 72:4 9:5 0+
Measured longC.V.% | [—] 5.8 11.3 5.4 2.1 9.5
period  shortCV.% | [—] 3.2 7.1 0.7 1.0 6.7

4. BHPBEFE
e LT ERERE, Na, K, Mg, Ca, Sr, BOREREX2RT, (St.1, 3, 90H) —
BOFNBHETRI T OARILEHLELVEEDON T B LNLOTRLLEYRECER LT
WA LEMTENTI, St., 6 TESEEATT AN Y Y L%BE, RTEE 2KHEAFNTHS I,
HENNDHEARTH 3 LHAL LCBRAD R R SRG @b - TEEHEML TY 5, #il
ORI TRERISEDAREL Y (#E3—a). ThoORFRBAFANIKICE-T
FRahTv3, LhLR2iksRohs kyic, 2EMONEHERTH LR LHHIEEHEE
fLLTHWEY, BTROBEESEEF Y v 20REEON (F3—b) WREEKS 0
BLOFLCREVWIEDSF VY 9 LADTRIDVWTEA LS L RERT 5iKMRrEE
ERHBHTREWEEDNS, Mo Eh 6K, Mg, Ca, Sr, BEAHOOERE TERENS

..... referenice value
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F3—a BRNEOVHBELEEREE

Table 3-a Average Concentration and Standard Deviation of each element at each stat-

”
ton Period: Feb, 3,°80 ~ Dec. 7,781
B Na Mg Si K Ca Sr
st Av (mg/9) | 0.0463| 133 51, 8.8, 414 145 0.085,
’ CV% 30.5 26.5 12,4 18.4 18,4 11 9.6q
St. 2 Av, {mg/?) 0.0464 17.4 5.9¢ 59 4.8y 154 0.087,
’ CV% 24,4 26.9 285 19.3 12.4 10.3
st.3 Av, (mg]ﬁ) 00493 24,5 7.1, 3.47 5.54 16.5 0.091,4
' V% 22,4 18., 9.4, 54.4 175 10,4 9.7,
St 4 Av. (mgf?) | 0.0523| 28.5 79, 2.4, 6.0g 17.3 0.096,
’ V% 18.¢ 15.4 8.2 72.4 15.4 9.1g 8.64
SL6 Av (mg/2) | 003740 20,4 7.3, 8.3, 584 20.4 0.104
) CV% 28.5 23. 10.9 21,4 19.; 11.4 9.3,
St 7 Av {mg/2) 0.0431 24.5 176 4.7, 629 194 0.104
' CV% 28.4 24,4 38, 17.3 9.6, 8.4,
St 8 Av (mg/R) | 0.0494| 29, 8.25 24¢ 6.3¢ 18.5 0.099,
‘ CV% 21.4 18.¢ 8.5, 65.4 16.4 875 8.0g
St.9 Av (mg/2) | 0.0545| 33, 8.73 1.8¢ 6.63 18,4 0.10,
) CV% 16.7 14,4 693 92.¢ 17.6 8.50 8.25
st 11 Av 7 {mg/Q) 0.0564 | 33.4 9.0¢ 1.5¢ 6.69 18.g 0.105
) V% 21.9 14, B.1g 118 15.4 9.0, 7.8
s1a A (mg/e) | 0058, 35.c | 940 | 15, | 68, | 185 | 0.0,
) CV% 18., 16.9 10, 109 16.4 99, 9.3,
#3—b SBT3 (M/Na) &
Table 3-b (M/Na) value at each St. in Lake Kasumigaura
B/Na Mg/Na | Si/Na K/Na | Ca/Na StfNa
St 1 35 x 1073 0.39 0.66 0.31 1.1 65 x 10 °°
5.2 26 x 1072 0.34 0.34 0.27 0.85 49 x 10 °*
St. 3 21 x 107 029 n.14 0.23 0.67 38 x 102
St. 4 1.8 x 103 0.8 0.085 | 021 0.60 33 x 103
St.6 1.8 x 10°% 0.36 0.41 0.29 1.0 51 x 10°%
St. 7 18 % 1073 032 0.19 0.25 0.78 41 x 1072
St. 8 1.7 x 10 % 029 0.084 | 022 0.64 34 x 10-%
St. 9 16 x 10°Y 0.26 0.056 | 0.20 055 | 3.0 x 10°-*°
St.11 {17 x 10-% 027 0.046 | 020 0.56 3.0 x 16?2
St.12 |17 x 10°? 0.26 0.044 | 0.19 053 | 29 x 10°°
*Sea-water| 4.6 x 10 -*| 0.12 |29x 10-* 0.036| 0.038 76 x 10 -4
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DEEIERAVSE20E 5P ESEOMER T TREETEH Y, UL, BRBOERESE M

DENZ LS REOREFHIBEEST S Lbh b,

BENFOELREOMBELL (W3 BHrvon, AbovFoun, moRBRENE IO
DO BEARINFMNOEE TLIRERE LTS, ZHODORBRBHATOHHET (CV) b/
W (F3). NBS OFJIIAKZBELKONFEHR (X2) oS HORERE (2F8) H2~4
BLiEESN, St. 1, 3, 903 EMEEBAUT 2 CCOBEORETCORBMTIET

HAH9,

1.04

C N ]

s K
" Na
OMg
A B

0.0

»

log (€ /Cst1)

-1.0

® Ca
a Sr

* Si

T

B 3 BrnkoVHREoAEL(

3

-+ 8t.

Fig. 3  Spatial change in average concentration of each element to the value at §t. 9

HUY A, wXFYTLTESE 1| OFEEEBOOH1/17, FrI9AR1/256TH,.

+r Yo ARFRCELTHEEYTEZ LWREINT, ThIER~NOBREFAEHEOHNE
BIEALH T 0 VO AKRHORERRORALZ RSB EBRL T3 L BhN s,

Pk, HBOEEROEVCERBBRFORR, RARNKEMAORER (W), FNIFEA Hi®
sUzOE#H Ny — v, EREDLE LMREEED, Bz oftkBORS « HREXRT D
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KEBEHER EDRME N TERN LT B LEbN LY, XERTHROBHETRIIS L)Y AT
HH Y. GHk, WNOBANEBHOEEL L TERAA V2EOETAEL, MBEAERNET 2,
MOTHE DO TIMRTOREHAMELZEY == ) ¥ 758 LCO B R4 3,

FAREISEHRE L cRoh TRBRUEEH N -V ETRT I EOBESh (H4), F—
REERBRAFRIEWVSE. 1 £5t. 6 TRHBENSC, @LICEFTCETFT2 (M3), mbE
B3 0IERE MLy 1 ROBBEHIRRO L HICHES T 5,

Si0: (S.amorphous) +2H20=5i (0., logK=-27 (0

MOFEEHELHE LB L PHBECEY BMEYS 1 Ki3M56ppm Hl EE 3, ZhRSRERIES
N A SR TO RS 12ppme D b2 MICEV Licdi- THPTRENE R85 (i Db
BEERAGBOTOEZ EARLTO S, ') BHBHTORLOFRE b LT, ThITOH
2,3 AHbE TR LB SIRIE &7 A Bk AEIA TS L.

FARBEOHMRICEY 3 NEBEREAERCERF Y o aP2e SR v sDBERHLT
WL ENOIBEOMMAERYE (M6 ; AOFHEDSt. 1, 6 TRUELIEEE»ANRS), T
CEH, BAREDBEIEIFRICL > THANTr A RBIEHETF 2 L27ELTH3, Ll
Hx YPIFE G BAFRC LAY E(TE LA OHMATERMERBUCE (T AL I8 4
KBREOEMNSEZ 60 EEbhb, S51cSt. 1 &St 3THRML ER EHORBAD 3
K1k D &I FEEE (1 ~15ppm) O 1 BWEFET L, COXrA BEBR T2V 9L, A
NPy, kY yOERKEEPRSEORMERTC EDHOHNTT - AE Y THS T
ot (B7), ERBBASTTEF b ) v, AUy LB EREAMEE RSB,

FABOBESRIGCEYT SMEREE ST 0L, Avvyn, g, < # ALK 4
B OBEMEICEL TR £ S BHSHME SR T S 15 1617,18)

CaSi0als) +H, O =Si Qulsl+Ca? + 20H log K =—11.08 {2)
FeSi0als)+ Ha0 =Si0s{s)+ Fe?*+ 20H- log K = — 189 (3)
MnSiQsis)+ H2O =SiQqx(s)+ Mn2*+ 20H-  logK = —13.20 4)

NGOG pHMED, KbhDSBA £ vBENEH KL EEcHiro Tl Ly 1 Boig
B/AETH, (R Uy 1 BOBRREENEICEATREOBE Y A RBEMEL LT AERE
DED. LL, R~UOEEEH LB rfdiAkbOSETROREHEAL LU pHOE HFTMA%E
RABMoIcB0TECa, M2 14 Vid Z D &5 BRIEIC L » TEE Y 1 BE2LEBRS 85 FHRIC
ERE 0BV | HARADERDRBFC DV TRES Y EHEREIN TN, QRO F
WEHOMED, SHIDA A v STRRE S RTINS 5, $7bb, BrlMlKkbOpH(T
~11) TRHFMEEDIIPNE ODHBEKDOpH (~5.5) TRANOEFLOTHEMR EFEL
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@
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A

J FMAMJ JASONDJFMAMJ JASOND
'80 ; 81 Tm)

B 4 BEFAZBEOEELS (St. 1,3,9)

‘Fig. 4  Annual fluctuation of dissolved silicon

10
W.T.{st.8. 0.5m Depth}
[ #pH (s1.9. 0.5mDapth)
301 -
TC} 9
pH
20
18
10
7
0 . . .

e

JFMAMJ JASONDUJIJFMAMII ASO
’80 : ‘g1 : T(

5 St. 90XKESLIUFpHED
Fig. § Fluctuation of water temperature and pH at St. 9
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‘% 80 2.3
® B0 2.25
O g0 3.24
‘g0 4.8
‘i
v 3 : \ Tael
K ’\
, .
4 5 § ? [ 8 10

K 6 BAFEHIKETEF41E—< 29 L0EOEM

Fig. 6 Negative linear relationship between silicon and magnesium on each sampl-

ing day
{ ppen
15 St. 3
(80.8.12-15) .
10
Si

15
(pom)

K 7 MEkdor4E——<ra2vy sBEnEomE (St 3)

Fig. 7 Positive linear relationship between silicon and magnesium (St. 3)
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AR

£ 2 iR RSB IENRELLRSNE (H4), 3~4Bickatl, 5 AiKA
LB, 8~ ic@uitizRd, ZHBBT LA S, JERHREEHNTH
HEINTVEHEFOREIE ALY RS0 8 ~108cE&EHE, 3~5 KREHELZRT EB~xs
ATED, BriiToSEONTEREBTH B, 74 8E0PBIREHTHEKN TS5 L
NENTVEY, BrifcbRETHES, ANHTRIDOXS>SEBHRHER T, EELEDE
HOARBAC FFLTHW3, Lt THLETRONS 7 1 REBEEORAFEH MR MEBR
Bk L3, | FRAMPOEHOES, KEOESHEOMIENPEM SN, KEPBEKE I
LTEHZpHIEKLTHIMLBMEMEZX LTS, (St. 9; K5) #lkdopHD LR X G
RS IR B O RN - FHLEE i RADL OO ABRMB BV >H RVt B b, L
1o THEID BRI KR LR k5 BRI D P BRTHE T A RORERD VLT YD,
WO ML & ABABERTT 32 TEVEEMNACATV 2 X3 KAA S, BERVO#NI
FREEORITMBSHAGHIHB BLREFEFHLDT LS, FIBOBRRERLEOETELSL,
S B Sk 0 5 BAMREE B OB LAk - TELEN T 280 2 v OERF I
TOBEEOERBEKRDO 7 A ZEEOBELMICHELSREESATO L EESH S, 3 MO
I AEEEHT DMEIER LW EPMBUKkTIRE#O 3 ~8HENVDEF 1 ZHBH5C
EREREZDEQROEHL Y CREASELVERbNE, L L, HLbEZAE, BUEE
AT, AR A FEE LT 53 L ORDIBHAHET, po#NOKEEDRLD
BEANT Y A BRI HEARDUCERO—2L LT, ERERD 2 koA RO ME
B bEEbh 3,

E3, MOBETRERTY, KAUEEICHELBEE{LYNSE OEFTEY,

PLED &5 BEEROBMAT T B A FIC00T, EHOBRENH LIS, EBDTL
T & & bicfliEshiug, 2ol IBESHEEOH LTV IHEZONF Y AEHLRET A1
DOE=S Y VIIEREELTHCR L EWTELTHAS D,

5 F&H

Blieos ) vt 2EEOREGIBELTRE L, — BB TS [0R M,
WHEEOWEDO L DOEFNEERT T EHNEETH L EEL,

ROV AEBEARHTELLIUE=9 Y YU AT S T EANRICB rBOXEEFT
% (Na, K, Mg, Ca, Sr, B, Si) OB ELH%A 2 EiEoEZ ML L - TAEL, #R10
Hiie &0 B B EOLEE, BE Y — Y OBMAETR LI, COhTF b Y v AFBNOKEY
HEBBOEEE LT, 51 Fi1d5BOEERD T v ARHRHO L HOFEE LTENTH
AHfEEAH DT ERIR LT
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I—6. ERETRREEBMNE T 2EEEDOEE
Indicator Plants for Monitoring of Heavy Metal Pollution

e wow —' e fE sk RO
Ker’ichi SATAKE! and Takashi UEHIRO!

Abstract

Preliminary studies are described to the heavy metal contamination of plants
for monitoring of environmental heavy metal poltution. The results mdlcated that
some kinds of heavy metals can be accumulated by some species of aquatlc bryo-
phytes {Jungermannia vulcanicola, Scapania undulata, Fontinalis antipyretica) in
situations of metal contamination. Especially, the mercury accumulation by J. vul-
canicola and S. undulata was noticeable.

1. FANE
EMAEROCTRIEFROE=5 ) ¥ 727584, BEZENOPVAENBS L, —oH, EMIC
L BAESEERE DRBIER ICEE LT, St BaT B RNED D TOENO T LRI
DEY, H50RERORMNE M EBEHETH 57, w0o—oOHER, HEHIRIC T
TEBEENBEOIHOBE, HIVAFTHOECHRE OREN CREOBRE IS ETH S
5 LD BEEOHRICRBIET= 5 Y S CBLRO LI HEFDSHBEELLNTV B,
O 1L, HHiEh®H 5 —EHNOMKE LB RERELTV AL TH S, 3HHOLERD
LM ERICE 2 BB ONETE, TORMEESY 7 ) v 7 ET - LR TOHEER
+ORE L, St OBEREYSERAIT - TR PROBRERETILELGNDS, THD
5E OMTER—EOMAMEERL TS LR 5. RO 2, LT LEHEMEIE R
BIBBINTWALLETH b, 2% 0, {LFAMTFRICL KL HEPREFTOEBRE T
WAL T £ 2 L5 N EBOFIMBORES, BRI SREd 2 84/ EWED M £1T
5 TRBICHIBL L TEBETHD . THBE=DOERI, BEPTHMIEL R T R4 GEERED
56, E%K&qfﬁ%®iéﬁﬁﬁﬁ®b®@$%¢mﬁﬁbfwoﬁ&%i%ﬂ%ﬁf%%a
i%mxéﬁQME®ﬁﬁﬁmm&ELte g vy Heok d sBass s, R
B, RSN, HASLRESAAGIOK, T8, KEE0E=y ) Yy BOLFRATH S Lo L,

1. REFESAEGEH, THHEHS, T3056 SRR KA MaHE
Chemistry and Physics Division, The National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 303, Japan
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HOBNTO 2EMEIIBE OB TIE 12 & DD T ons 0T, ISEEME LTHRERL S
hTOHEYEIDL S OREHNEDESRERTH AT RS2 EFEL LN 5,

AP OB, EMEFR L aemE RS A S OB S 5T LAY, KEQ,
B AR E U THEESBELRH IR b0 82 L /4 IB%0 556 .k U'IRf) 56 FEOR
BERO—HAEL LI b DTH Bo

2.t O R & L U EREH

SHIIC SH 3 5 i Ot A & BH R R BINE BT 2 HWE A BT, STOMENS
BEA M 4 & OTKAERM AR LA (K1 ). )

%

1 BES LURETOEMOEIS R
(a8, SHE, bUMEEIL, KEE, o ®El, RRE, d EGr A,
SRR, e, MOAE, HEL, e, FHE, #HEE, {4, BEE,
Tgr v P, AT UTH, h: s o—gnb, # 7Y T,
i rELl, Ay 7UTH, B RVl Fvh v e —if,
ez =]ll, 3¥H e —M)

' Fig, 1  Sampling sites of plants in Japan and England (a: acid stream Kashiranashi-
gawa, Aomori prefecture, b: Kosaka mine, Akita prefecture, ¢: Mt. Tsukuba,
Ibaraki prefecture, d: Lake Kasumigaura, 1baraki prefecture, e,: Saino-
kawara, Gunma prefecture, ¢,: Manza, Gunma prefecture, f: Yanagwa,
Fukuoka prefecture, g: Greenside mine, Cumbria, h: Nethet Row mine,
Cumbria, i: Gategill mine, Cumbria, I, : River Holme, Lancashire, J; : River

Etherow, Lancashire)
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21 BRETILEEFEHMELIUCEORAAII (ERN)

COMER T EREAEIE L. ABEHOEBIBH TLEVLEILNIMETH B,

LipL—Bic kGO EHR N, FEMBRIRIEANT 2HBER (pH18 - 20)
EDEWBAFF pH 34— 3.6 LHBHCHEL T3, FAHENEZ OB ICEBYERERKD
7o pH 44 — 46 & INSMBAER LTV 3. BRRLAEYEE, BIOKEEERT, Fro W
i34 Jungermannie vulcanicole, A F¥ FE v 7 T4 Scapanie undulate, F v
v % 34 Scapanie stephanit, T/ 33X T4 Sphagnum girghensohnii, WA IAH = I,

Drepanocladus fluitans FTHba

2.2 TkES/RME
T hoHEOFHETMON, E2RBICEIIIEFROFHINAMETH S, FILE
WEIE 4 % ¥ Polygonum cuspidatum, ARF Miscouthus sinensis, ~EDRITHF

Athyrium yokoscense, 7% Petasites japonicus, A¥ T Egquisetum arvenseF, #720
BOBLEYTH S, '

2.3 FER L TEMGE
T O IZERLICE S BUEHE L, L LD L LEEBILESICL 5 AAKBRNE Gyl
HONTWHEIOWHIE Th 5. MEHIEIT - EMBROBETHD CREE) .

2.4 EHEBSBME

BAEEZELDLETAIHEBT, BEEFHRENCR TAIOKBENLRE S RBKRDOE
BAMBEET L, L LESRICIABLRESOIREESNTOEWEFRTS S, R LIEN
Bizux s+ Spirodela polyrrhize, HTHB.

2.5 BERYR ,HEMNE

C ORIz X BRI ( pH 2.8 ) B LUBEMESR (pH 1.9 — 3.0 ) disrf L, EEMEEOT3n
BTRHvoNTWALD 43 5, HELAHEMZF + v FE L T4 Jungermannie vuleanicola
Th Bo

2.6 ERRWIIHHE

EHOY ) — 7 ORTHTIRERNT, KEEHDLBETH S, RHLBEABEI Y+
* 44 Spirodela polyrrhiza, & F 4 T4 A4 FEickorniec clessipes FTHS,
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2.7 EEAHFY7M( Lake district ), greenside mine fHif

COMSICIIMERSTE L, S oD@ HLITON TV, L LEEE ML L
KoTd, CORBEMEAHENIBHL ORI LAMYE LIS v 4 TH Scepania
undulata THH,

2.8 EEAZF7UTFPH ( Lake district ) Netherrow mine fFif

COMIFICHBEB KN ) O L OPERMBEEL. W MOFEEMSTON TV, U UETELE
BLEIE ST By COBREMIEZMNLLEBRD SR L 744 I Rynchostegium
riparioides FTH D,

2.9 EEHAFYT7M( Lake district ) , Gate gill mine fHE

TOMBITRSE L CERPRBTEL, G h o EATOR T, L LEERESEN
ST 5, COBEENLMNT SBEERA S L/ Jungermannie cordifoliec TH
B

210 EEZH¥+—-, Holme /H& LT Etherow )l

T OmFEINE bEEEREK, HEBKORALCHEI ABEROE LoE/IT, S&B TREHP Y
OLDBRTHONT NS, ZORIICERN L A#EEIE A 7 37 BO Fontinalis antipyretica
B LU Fontinalis squamose TH B,

3. REOER &L UERREHOTIN

3.1 X&EEHOBE

R LAKEMYB ETREOKEAOTHES L, ELTVIERSEHOBRE, =185
ARz F L B ERKANERZILE bR -1, B L > THERBRERTHICH 1 4 v K
TS LEDL, avF—S8ALX Rtk - TEHESTE (Cl, K, Ca, Ti,
Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Pb, Hg, Br, Rb, Sr ) OEFERIEWHEIITET
otce FIVEE XEOHEEIT ORTEC #8 TEFA 6111 Bk U TEFA IATH S,

I ERAZHE IS TEFA 6111 BOEE Mo & Mo 74 049 —, HEE 45 kV, EEH 10024,
TEFA MBDIEE Mo B, Mo 74 4% —, BERE 40kV, BEH 1002A TaH3,

3.2 ELEEHOEE

BRA R OB B S VRICFN L ERZICEED, ARBOT $ 85T T4FHMIEEHL 7,

LOBEREMRABOM g AMD, FrovE—H—i3oL, B 10ml 2AVTHRES
otze AROET LEEHIC SN TRMEBAERSY, HBORY 0.5ml LT &4 - Brricic
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f.‘

0.15N OWEEMALRE 50ml & Lic, NHBEHER 10ml THMDORT Lk kilkkhico
WTH, IOKEHEREMALS 50 AR EKFEK, BEFRELNA AT -1, AER
BMAEMNALEBC OV TR INEZERSELEREKEMATEZEE 50ml &Lk, BEDLS
KL THEEITT > ERO ML, BARFAMITEETH 577 X vRAEMCHTERICID
B, Na, Mg, Al. P, K, Ca, Ti, V, Mn, Fe. Cu, Zn, 5r, Cr, As, Se, Mo. Cd., Pb
BENETEIL2CTIT -7,

4 tF 2

R2, K3, R4 3HEHEFILLBREBN EROKEGED SRR L ERF + v #3177
J vuleanicola, L7 HE e 7 T4 Scapanie undulata. F+rHE e 25 Scapanie
stephanit KOWTDHAEXBARY b VERLTWE, CDARY M K, Ca, ZnE0
HWILE > TEDHEOE — 2 SRS N ZEhI, ELOVERELT, £Micd - THEIRHS
WERAROLINTVIHg O E -7 PREIND, BB TRMChETEY NI X T
r Sphagnum girghemsohnii , VA 34734 Drepanceladus fluitens, F ¢ v F 324
J vulecenicola, AT EF by d T5 Scapania undulata, THTF+vE 35 J vul-
conicola, LY F LY e 735 Scapania undulate ORI ETO, LEFNRGIE XESR

Hg Hg

Hg

\ L;W
Fe
Zn

&+
10.0 Energy (keV)

2 BEMENIERTHELAF +» v E 75 J vulcanicole DHLXBR X A2
kv '

Fig. 2 X-ray spectrum for a sample of J. vulcanicola from up stream of Kashira-
nashigawa located in Aomori prefecture

—113—



Rg Hg + Br

Hg

Ca
Fe Zn i
e

-

10.0

L2

Energy (keV)

K 3 SEIERCIEIN L 4743 v v 2 34 Scapania wndulate DN
XAy b *
Fig. 3  X-ray spectrum for asample of 8. undulata from up stream of Kashiranashi-
gawa located in Aomori prefecture
g + Br
g
Rb
K
Fe
Ca
— Fe Cu Zn
10.0 Energy {keV)
4 FEE)|ERTHRELAF»Fe Y »2 T4 Scapania stephanii OHEHEX
%%.X‘ﬂ 7 b a,
Fig. 4 X-ray spectrum for asample of S. stephanii from up stream of Kashiranashi-
gawa located in Aomori prefecture
2T o tedd, DETEIN LA J vuleanicola T Hg OO E— 2R INLELRNTNOD

Hpthicd Hg O =7 BEEESNE D o,
5, B6UHBEBEIUOAEMITRELZF v+ vH Ty J wiconicole GHEXHFER~Y
PR LTV 5e B 5 IS A LS ICEBROAEDFF SR L 7Z5MiZE CL K, Ca, Mn,
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fa

Ti

Fe

As+Pb

Fe

Lj\_:};jfidr

10.5 Energy {keV)

X 5 FEOMETERLLF» YA TH J vulcanicolo DI X ARY b
Fig. 5 X-ray spectrum for a sample of J, vulcanicola from Sainokawara located in

Gunma prefecture

T« Fe

Cl Ca

A

Fe

Rb

Cu En Hg As+
Pb

+

10.0 Energy (keV)

6 AECERULALF-vyXEITH J vulcandcolo DEEXBRASS b

Fig. 6  X-ray spectrum for a sample of J. vulcanicola from Manza located in Gun-

ma prefecture
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Fe ,Cn, Zn, As+Pb FOTEDE - 7 BERI Iz, 2DI5 Cu RENEL LB L4
E-THUERT AL THYD, As ® Pb bERKICHEUEFOAETH 3. CNLDOTHRIE HEH
BWBETF+YHEI I35 J vuleonicole PIEEENTVWEL LY. 6K LAFTEMLE
WLUtcF vy HE 3545 J, vuleonicole TCIE, Cl, K, Ca, Mn, Fe, Cu, Zn., As+Pb,
Br, Rb HTD— s it Hg O — 7 R I N, BESBTH S Hg O v — 7 hifER I hvie
ZERPFEBOF v+ ¥ EITH J vulconicola OB OREUBBLEEZ AT LT 3,

B7RBrBEOBEA TR LI+ 24 Spirodela polyrhiza OEEXER~I F %
TFLTWE, BT REOAEEICIORRC >V THRATE FERSETHER K, Ca, Mn,
Fe, Zn, Ti, Rb FOHETHET L DY S Cr, Ni, Hg, PbEDEHESEO C~ 7 3R AN
FiEPl

Zn

8.6 Energy (ke V)

K 7 BrEEETEBNLAY 7Y S polyrrhiza DUK XBR <2 b A
Fig. 7 X-ray spectrum for a sample of S. polyrhiza from Lake Kasumigaura locat-
ed in Ibaraki prefecture

8. X9 REEEmNditfEn s ) -2 b oML 9+ 7Y Spiredela polyrrhiza BL
UkT4 744 Eichornia classipes DBENEXBA T bWERL T D. TH5DKEHEY
KRR T EEXHEIE K, Ca, Mn, Fe, Cu, Zn HOTHET, HIC Mn OBREHNSL ODLFH

BTH -7,

5.9 Energy (ke V)
M 8 #MITHRERLLY+74 8, polyrrhize O XA 27 v

Fig. 8 X-ray spectrum for a sample of §. polyrrhiza from a creek at Yanagwa
located in Fukuoka prefecture
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Ta

Ca

—_ Energy (ke V)

B 9 #ITHERLKTAT44 E classipes DHHXBA S b v
Fig. 9 X-ray spectrum for a sample of E. classipes from a creek at Yanagawa locat-
ed in Fukuoka prefecture

X 1013353 lake district #, greenside mine FEEHNLNPLERLILLTHFE Y
v+ 2 35 Scapania undulate OBE XA ~7 PER LT 5. K, Ca. Mn, Fe. Zn,
Ga, Br., Rb D — 2 OfiicE L { %\ Pb O — 7234 Lizo 11 i Nether Row
mine KON SIEE LIz 7 A 54 T4 Rynchostegium riparioides OWAL XA <2 b v
%5, K, Ca. Mn, Fe, Cu, Zn S0OMBTHECELY, Ba, As, Pb FOTHEOE— 2
HFHEL,

E12i3Gategill mine THIILI: Jungermannia cordifolia OBEXM A~ b ZRLT
WE, COBHICHEBED Zn XU Pb BEEL TV EL5TH 5, H1313 Holme Il 5
BHL ey ok T4 Fontinalis antipyretice OHNXBERA~T P AZRLTHWE, 2O
FORHRIEE LOESED Mn 22 0XFCHFESE TV HTLETHES Mn DE— 7 DHICS
Cr # Ni F08E£BREOC— 2 PHEIN,

# 1 5 LUK 2 HKEHE/MNRMLES L CRIBE SN LTERHE THRI L L [T O B, Na,
Mg, Al, P, Ca, Ti. V, Mn, Fe. Cu. Zn, Sr. K, 8&U Cr, As, Se, Mo. Cd. Pb
KoWTOD7 5 ARG EEEA I MTERER LTV 5
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Pb

Pb

Fe

Zn

AS+Pb

—8Il—

Br Ph Mn Fe Cu
in

K
Rb

Ca
Rb (Ar) BaBa
As

tar) Fe Ga
Mn Zn

10 Z)raA FEITRI LT P+ ey 2 T8
8. undulate DHILKEFR <~ b

Fig. 10 X-ray spectrum for a sample of 8. undulata from Greenside
mine located in Cumbria, England

Energy (keV)

Energy (keV)

11 #+o—8UTEI LI-T4 4 34 R, ripanoides
DU X R~ P

Fig. 11 X-ray spectrum for a sample of R. riparioides from
Nether Row mine located in Cumbria, England



12
Fig. 12

13
Fig. 13

T e

Zn

Ph
Pb

{Ar) Zn

Ca Mn J
Energy {keV)}

AP ETTERLY J, cordifolic OBEXERRA~<S b

X-ray spectrum for a sample of J. cordifolia from Gategill mine located in
Cumbria, England
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X-ray spectrum for a sample of F. antipyretica from River Holme located
in Lancashire, England
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&= 1 BRAELNMESE L (Bl — 24 ) BLUHML (N 25 — 68 ) TIREL /B
HHEmicEE N5 EBLE ( B, Na, Mg, Al, P, Ca, Ti. V. Mn.
Fe, Cu, Zn, Sr, K)
Table 1 Inorganic elements (B, Na, Mg, Al, P, Ca, Ti, V, Mn, Fe, Cu, Zn, Sr, K) in
the land plants sampled from Kosaka mine (No.l — 24} and Mt, Tsukuba
(No.25—68)
Sample | Element (ug/g)
No. B Na Mg Al P Ca Ti A" Mn Fe Cu Zn Sr K
1 21.5 1180 4540 1920 2800 9800 40.5 5.32 178 2640 253 802 82.1 25600
2 168 1120 2020 128 2250 12600 523 1.89 602 650 494 1670 116 13700
3 178 60.6 2070 85.6 1620 4750 3.53 1.28 167 364 41.7 148 36.4 18500
4 5.14 19.0 845 74.6 2000 1260 3791 84.0 309 334 939 8.73 20200
5 15.3 37.4 1870 161 1570 821¢ 6.22 1.68 155 664 48.2 966 38.1 11500
6 315 75.4 4050 114 2730 18400 6.16 3.06 335 562 73.9 323 118 13700
7 19.7 546 2350 110 4710 2610 5.29 1.40 44.6 559 378 120 5.74 20000
8 19.9 100 1660 221 1420 8570 592 1.20 46.8 365 72.7 302 47.3 17400
9 712 60.9 1500 87.5 5280 2670 420 589 400 352 184 17.7 21200
10 5.42 149 873 110 1450 1270 371 1.13 539 320 19.3 135 6.79 9540
11 4.87 48.4 1110 335 2490 1580 1.35 88.7 213 18.6 589 245 - 16000
12 12.9 94.6 996 141 2160 9080 5.06 1.08 58.3 547 74.3 841 81.2 8560
13 28.1 109 3150 165 2570 13600 6.22 2.44 22.8 734 81.1 380 921 13800
14 31.7 78.3 3750 206 1700 13700 8.29 270 28.1 808 86.5 582 100 1810
15 16.8 83.2 1620 282 419 24400 6.62 2.33 120 639 74.7 582 43.5 50.8
16 284 478 2230 523 1120 7790 11.5 2.85 86.6 1490 99.2 356 389 17900
17 20.7 117 823 224 788 12400 7.17 1.29 29.6 428 58.7 105 25.6 6210
18 64.4 791 6420 505 1470 17000 15.7 4.57 332 1040 144 414 47.8 17200
19 394 748 2740 414 2750 9180 11.8 2.76 612 1250 60.4 200 46.8 16300
20 243 128 4120 99.1 2230 7590 2.65 2.17 387 186 278 118 13.3 12000
21 343 244 2100 2250 1950 10400 61.8 8.48 117 5570 301 528 547 15400
22 439 290 3140 72.5 2140 8540 2.36 2.57 16.1 177 29.2 67.9 344 6890
23 63.4 96.9 4530 84.7 2690 5240 3.16 2.12 9.81 197 48.1 268 31.2 10100
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Table 1 (Continued)

Sample | Element {ug/g)

No. B Na Mg Al P Ca Ti A" Mn Fe Cu Zn Sr K

24 279 69.7 2220 197 3090 23800 599 2.25 297 362 76.2 562 41.7 17900
25 308 276 2420 5480 4180 10600 504 128 142 3510 15.7 162 52.9 18600
26 339 67.3 1690 562 4050 16900 233 2.58 369 409 8.46 428 55.9 25300
27 22.0 412 1690 102 1530 6500 427 093 348 125 6.71 17.1 22.2 10100
28 292 113 3220 382 3420 12800 324 2.85 375 485 129 389 49.5 17300
29 26.1 43.6 3260 2420 1710 9720 83.1 6.56 70.1 1420 18.6 538 66.2 14300
30 149 236 2150 68.7 1950 6710 353 1.31 69.5 110 715 42.8 37.4 5040
31 17.2 15.5 1310 18.1 1590 3140 489 662 110 16.1 12.7 4660
32 134 137 2640 440 6180 9410 248 2.50 216 425 6.99 353 45.8 21800
33 21.0 19.6 2460 638 1210 11700 228 173 317 123 942 286 48.6 4930
34 11.7 524 2230 197 1540 12600 11.0 184 89.3 223 492 30.0 57.0 6760
35 19.5 42.0 1710 1030 2210 5650 25.0 2.54 483 533 10.8 50.3 43.3 12300
36 12.6 41.1 1530 109 568 7410 4.78 i.02 206 123 7.27 9.26 1.13 2580
37 371 451 3170 4030 1860 7700 99.1 7.59 194 201 11.2 429 549 17200
a8 35.0 255 5340 178 2020 20400 11.7 123 185 9.17 26,5 154 24900
39 37.8 61.3 4050 137 3080 7380 468 242 108 173 12.6 45.6 26.2 16200
40 251 1150 5010 8920 2020 - 8220 351 201 307 6070 224 82.2 41.6 54600
41 7.71 655 2120 716 2520 4301 20.2 145 410 - 12.8 29 35.5 34800
42 131 66.3 3610 138 2770 9180 2.38 109 109 15.2 247 78.8 27600
43 65.7 52.8 6800 6110 1950 23100 338 376 -258 544 184 514 106 41600
44 30.1 66.6 4240 318 1140 35000 153 3.09 113 316 7.03 299 178 36200
45 289 127 2160 849 4350 16800 32.1 2.59 73.7 609 12.5 501 822 43600
46 23.5 371 2090 159 1730 3930 6.26 24.5 180 8.62 28.5 22.3 31000
47 23.0 622 2440 366 2380 12100 187 473 346 9.79 21.0 39.1 43200
48 | 2.67 5035 1080 2620 309 4110 91.3 398 817 1290 3.49 257 28.9 597
49 201 25.6 2470 25.0 2180 11000 1.21 1.21 504 - 68.4 5.87 23.8 65.7 21500
50 378 334 3880 47.3 3130 18400 1.69 282 103 14.8 61.1 57.9 19000
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Table 1 (Continued)

Sample | Element (pgfg)

No. B Na Mg Al P Ca Ti \' Mn Fe Cu Zn S1 K

51 151 722 2530 96.1 780 7570 3.85 1.05 80.0 127 7.52 236 481 13000
52 10.1 194 1070 3830 2490 1010 157 6.61 68.8 2630 7.51 45.5 5.93 34800
53 295 65.8 3290 240 1270 11500 11.5 171 277 7.01 117 68.5 61500
54 29.5 417 3910 360 2080 15900 1.94 1.38 240 89.3 7.70 505 134 33200
55 15.7 172 2720 383 1780 2410 1.69 299 76.2 9.88 53.1 18.6 31400
56 159 66.4 1650 125 2370 6520 4.85 48.3 157 20.8 1.7 37.5 31000
57 216 103 1450 1690 788 15800 56.6 3.77 106 1020 8.87 33.3 78.8 16900
58 28.4 2640 3560 2900 2350 3610 8.03 4.49 675 2060 337 103 65.0 48700
59 247 523 5380 4150 2450 4890 119 5.74 297 3040 237 110 76.4 68100
60 17.9 640 3490 2480 1890 3660 10.1 349 265 1670 9.41 48.1 60.8 52500
61 5.16 167 1830 24] 1340 3600 2.22 395 246 10.7 110 222 17000
62 17.2 679 1600 2240 1280 1810 6.52 2.48 261 1310 6.06 24.6 24.0 27700
63 189 809 2340 9720 858 . 7690 3.22 2.10 784 444 9.05 143 102 11500
64 15.5 671 2440 9620 881 11900 1.32 1.79 1830 115 5.53 13.3 81.2 9850
65 18.0 887 2380 751 1160 12800 6.18 1.41 58.6 672 6.37 28.6 151 10200
66 25.0 33.3 3580 1630 1220 7100 772 242 84.1 1280 6.89 258 132 30800
67 212 268 3060 607 1250 6410 3.18 494 762 420 13.6 26.6 109 16400
68 6,84 204 709 43.0 1470 2.40 4.30 4.03 188 5790

w



# 2 FREHEVDMREIL (Mo — 24 ) HLTHEIL (N0 25 - 68 ) THEL 7B
IS TN EETHE (Cr, As, Se, Mo, Cd, Pb )

Table 2 [norganic elements (Cr, As, Se, Mo, Cd, Pb) in the land plants sampled
from Kosaka mine (No.1 —24) and Mt. Tsukuba (No.25—68)

Sample Element we/g)
No. Cr As Se Mo Cd Pb
1 3.44 92.0 22.7 10.6 22.5 558
2 1.94 34.3 16.8 4.13 64,2 150
3 30.0 18.7 163 134
4 24.7 15.8 1.86 76.4
5 152 30.3 17.5 452 71.7 167
6 2.93 42.3 25.5 4.36 430
7 123 156 212 6.17 1.98 926
8 1.25 34.0 22.7 7.80 346 129
g 28.0 16.5 329 120
10 1.20 16.0 9.65 1383 54.3
11 26.3 19.1 438
12 32.9 21.6 493 10.1 243
13 2.07 37.1 215 397 428
14 2.11 39.0 19.5 589 5.45 220
15 2.24 199 9.55 12.0 4722 213
16 2.31 33.7 140 9.74 14.3 961
17 24.7 15.4 15.0 3.79 340
18 291 41.6 225 6.35 9.12 388
19 194 8.4 19.8 442 2.65 173
20 1.47 20.3 13.0 6.32 3.84 115
21 4.85 119 336 12.6 14.1 1140
22 1.46 28.1 20.4 245 2.82 94.5
23 1.36 336 26.7 6.77 215 68.7
24 4.18 35.4 21.7 142 117
25 6.48 108 40.6 331
26 2.45 319 202 ]
27 298 23.0 24.4
28 2.47 329 23.9
29 2.74 60.4 28.0 4.75 13.0
0 092 6.63 4.40
31 27.5 21.2
32 2.33 212 13.3° 1.01 118
33 1.63 13.4 10.7
34 1.59 6.07
35 32.0 16.5
36 6.30 39.0
37 72.1
39 182
40 7.69 139 45.1 329
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Table 2 (Continued)

Sample Element {(ue/g)
No. Cr As Se Mo Cd Pb
41 30.1 17.6
42 225 18.8
43 36.1 25.6
44 282 29.1 23.6
45 1.87 36.0 243
46 56.7 310
47 35.6 26.5 189
48 1.08 63.4 356 4.18 11.2
49 1.13 13.7 12.5 1.02
50 331 278
51 26.5 20.7
52 74.0 3.2
53 : 353 24 8 2.80
54 29.5 218
55 31.3 23.8
56 295 22.0
57 49.7 26.7
58 2.53 553 22.5 2.16 12.2
59 2.70 79.8 332
60 1.68 54.3 24.8
61 23.1 178
62 1.23 345 9.69
63 1.12 149 424 §.08 119
64 1.61 147 425 8.04 120
65 354 239
66 39.3 18.9
67 24.4 16.4
68 7.50 5.65
6. ® &

BEOELEIEH LEVEBEEAF Y EMTH AL LREI T TLE ({GEEMOE 1 EHT
52, LrL, ZBEEe=-5 )y S0l LcEENEETT B8, UTOREFLED
ETHETAIEMBTHS CEAENNLEZ L0EEioNns, TS,

(a] ®=# g yrdRMCHEACE65, B 34 BEOEERECR LS : DFRENL
LSO THLLE(EFLIOARE=4 ) /OB L - TETHBRRE-T( 5 EFL
(2% (-3 I

(b) #FEHIES IO TS 6DTRL, TX BEFEVTEBAICZ DAHIBEINLILOTS
AL & (1217 LSt HE O L AN TOABNKCANEIRNEEL 5 EMWTE HES
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Basic Studies on Environmental Sample Banking



Esras HMRAFFRBE H6H (R—36-'82)
Res. Rep. Natl. Inst. Environ. Stud,, No. 36 1982.

I—1. BESHOBHRE S ATL(BERE AL 2)E tOMBEX

Long Term Sample Storage System for Environmental Monitoring
(Environmental Sample Bank)
and Its Problems

% 8 B #

. Yoshinari AMBE!

¢ Abstract

Environmental sample bank by long term storage of systematically collected
samples is considered to be very effective and useful for long term environmental
monitoring. Stored samples of the bank may be used (1) for determination of base-
line trend and potential hazards of new and previously unrecognized exposures to
different substances in the environment and (2) for the analysis of substances just
recognized as pollutants and therefore previously not determined and for (3) the
analysis by better method in future etc. The major problems in the sample banking
are selection and sampling of specimens to be stored, preservability of samples,

storage method, maintenance of storage system and analysis and usage of the stored
samples.
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Table 1 Examples of environmental samples to be stored in the sample bank
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A Study on the Preservability of PAH in the Air-Borne
Particles Sampled on the Filter

% i

Tk

th'-= B OB K-8 K" B T
#* B B &

Yoshinari AMBE! , Akio YASUHARA!, Yoko YOKOUCHI*
and Masatoshi MORITA

Abstract

To study the preservability during storage, atmospheric particles were collect-
ed on the filters at the roadside in the urban area and stored in the different condi-
tions. The storage conditions examined are temperature (-20°C, +20°C), and atmos-
phere {argon gas, air). Bach one of the stored samples is programmed to be taken
out every one year for the analysis of benzo(a)pyrene to check the change during
the storage. The experiment is designed to continue for three years.
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Chemistry and Physics Division, The Nationa!l Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan
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%1 ERCERILUARRY 4 vy —hD <y Je)E L Y BEDIES DX
Table 1 Homogenuity of the content of benzo(e] pyrene in the filters sampled at
the same place

No. of filter benzo [a] pyrene (ppm)
11-A 169
12-A 18.4
13-A 16.5
14-A 14.9
14-B 18.0
15-A 17.6
15-B 17.4
mean 17.1
stand. dev. 1.4

£ 2 FEZBcHCIREDo<y gL YaR

Table 2 Benzo[e] pyrene concentration in the stored samples of air-borne particles

No. of filter benzo [a] pyrene (ppm)
1-A 7.8
6-A 12.7
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Gas chromatogram of the benzene fraction of the extract from the filter
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Studies on the Preservation of Sediment Samples
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Haruhiko SEYAMA', Mitsuyuki SOMA! and Masatoshi MORITA!

Abstract

A banking recipie for a long term investiagtion of changes in certain compo-
nents in sediment samples was described of the sediment taken from Lake Kasumiga-
ura. The “injtial values” of the elemental composition determined by X-ray photo-
electron spectroscopy and of the content of benzo[a] pyrene determined by HPLC
with fluorescence detection were reported. A brief description was also given of the
sediment samples from Lake Motosu-ko and Lake Tanuki-ko.
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Chemistry and Physics Division, The National Institute for Environmental Studies, Yatabe-machi,
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Fig. 1  Flow diagram for the sample storage of sediment from Lake Kasumigaura
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Fe 2p
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Si 2p
5i 28
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BINDING ENERGY /eV

Mg Auger + Ca 2p
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N 15
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X 2 SyrBEBOXBAEETA~Y b REHEEZEINEH, XHRHAIKeR

Fig. 2 X-ray photoelectron spectrum of sediment from Lake Kasumigaura; sam-
ple chilled by liquid nitrogen and excited by Al Ka radiation
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Fig. 3 Clsand N Is spectra of sediment from Lake Kasumigaura

s €= 7 DRFEET AV F— (34 400eVT, BB ICHIZPHEFROMETHIDT, EieT 3
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“NOUBEDRIRECHIEROELAL TR L THAY, THEN, MENLSCUBELSHa:
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* I BrREEBEOXPSONEER

Table 1 Electron binding energies and relative atomic com-
position for sediment from Lake Kasumigaura de-
termined by XPS?

. Binding Energy Relative Atomic
Element Line
(eV) Composition
c Is 285.0P 18 0.1
o Is 5324+ 0.1 47+01
N Is 400.0 + 0.3 0.16 + 0.01 :
Si 25 1539+ 0.2 1
Al 2p 744+ 01 0.34 1 0.04
Fe 2p 7125+ 0.4¢ 0.13 £ 0.01 ’
P 2p 134.0+ 0.5 0.006 £ 0.001 i

a, Excited by Al Ko radition, sample chilled by liquid nitrogen and
average for two samples,
b, Reference level, *

c. For 2p,, level
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M 4 BrREgoSEkkrsavrs 5L
Fig. 4 HPLC chromatogram for sediment from Lake Kasumigaura

£ 2 BrEEEhO~NrY(e)E LyOREHRHOLDOIIERE
Table 2 Concentration of benzo[a] pyrene in sediment from Lake Kasumigaura
at the initial stage of storage

B FE £ # & ¥ ¥ S 47 (Dry Base ng/A&)
—207 +
P s @ % 5 41,6 X 3.1
- 207 T
B % B RN 3 43. 5 = 2. 7
—-80°C
OB w R R A : 8T8
2. ABYPEH

1981 4£ 3 A 19 BEMmAMOORRES ORFEH 120m) EB0TAF Y LABT I v N =
RSB EIcEDREBL, BEA A VYRALTELRY, NEBEATIFTER (4°C) K TRRF
Lo AEEAROAEL TRKOKESERE, BEERELIBREMEL 7 2 ILANT-20
COEBEICHRIEL .

EHILERBICBEIAXPSOERETLOA, TEARDMERKIDOTANE, Byl oDE
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101 WEAS REViCBAELUTHOED, SE0088E, figeRl, — 20 CORBE i TRE
Lo AMEMEE ERRESHEEZT> LHEPREFACRTEY TH S, TOEHIT S FOEBK
St~ C, NTTHE3h3FBESOMSSRESE L (RSVWHHE LD ThiZlM 47 F3
Brgitihnt, BETFBAERERDIT- AT THENEEORARERMATICEVEICE-T

VR EEESHBELTVSY), SO haRBMETE H&d 5 &, Mg, Ca, K, Nafic
LML DRV S Y Ca AREDII,

# 3 FWHEEEOXPSAER

Tabie 3 Electron binding energies and relative atomic com-
position for sediment from Lake Motosu-ko de-
termined by xps?

Element Line Binding Energy? | Relative Atomic
eV) Composition
C 1s 284.7 2.1
0 Is 5319 49
N 1s 399.8 0.12
Si 2s 1537 1
Al 2p 74.3 0.41
Fe 2p 710.6° 0.15
K 2p 293.3° 0.013
Mg |[KL,,L,, Auger 1180.8 0.034
Na KL,,L,; Auger 988.7 0.008
pd 2p 133.2 0.009
Cad 2p 147.8° 0.020
Tid 2p 459.1° 0.008
Mnd 2p 642.6° 0.008

a. Excited by Al Ko radiation uniess otherwise mentioned and mea-
sured at Toom temperature,

b. Referred to Au 4f,,, = 83.8 eV of evaporated gold film.

. For 2p,,, level.

d. Excited by Mg Ko radiation.

[r]
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HHEMIEH D XP S kR

Table 4 Electron binding energies and relative atomic com-
position for sediment from Lake Tanukij-ko deter-
mined by Xps?

Element Line Binding Energyb | Relative Atomic

(eV) Composition
C Is 284.8 6.7
Q Is §32.1 69
N Is 399.6 0.41
Si 2s 154.1 1
Al 2p 74.4 0.43
Fe 2p 710.9° 0.14
Mg |KL,;L,, Auger 1180.2 0.013
Cad 2p 347.5° 0.043
pd 2p 1335 .021

a. Excited by Al Ka radiation unless otherwise mentioned and mea-

sured at room temperature.
b. Referred to Au 4f,,, = 83.8 eV of evaporated gold film.
¢. For 2p,,, level,
d. Excited by Mg K« radiation.

5l A X &
1) Okamoto, K, ed., (1982): Preparation, Analysis and Certification of POND SEDIMENT Certified Refer-

ence Material, to be published in Res. Rep. Natl. Inst. Environ. Stud.

2) HWEER (1980) : #EERICEY 5 v, EROSMLTOFEERE, By ABHARRARE,

6%, 5—17

3 BSTEKRER (1972) @ By ESEKERERES TR
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I—4. £GEHOREZCHET2HE

Preservation Test for Environmental Pollutants in Biological Samples

| g !

Masatoshi MORITA!

Abstract

Mussel homogenate was spiked with organic environmental pollutants including
PCBs, Benzo(a)pyrene and organochlorine pesticides and stored under low temper-
ature. Through the analysis of the stored sample, preservability of the pollutants
was estimated in terms of storing temperature and duration.

TAME

AR DOFEMIENERNIEETE 0L hERFT 2HEE LTI >OT7 o — 74
Eiohbd, —DRBRIEPOHRKAREL, TOhOFRNEOESE MOE(LERRIE)ICER
LT $DTH B, COHFRBIVBEENLMETH DM, HEHOBESRON, /2L
LidE e d ¥ TERMERMEMBIK Ve b 3—Diddic B mEARNL, H—aik s
Lib0EEEL, 20EREHMMOELEBHTA60TH S, COHBRBELLVHRME
EHBIGRIRTE 3, REAEAE(RETES0T, MREAKENEOND LV HIFELEE
5o AMECEEELTHREOTEEMVB &L LI,

1. ThY w9 RRBE

L&A HA (Mussel) BEEBOOAREFTTHIHANICELI HHTHMATHS, TD
THESEMEEE UTHVT, SRR #E, ALKRGHEE, GakadsviEsREe=s
—L&H &R AMColdberg Fic L O IRIB S h iz, LW 3 "Mussel Watch” Program T# 5,
Z M Mussel Watchid 2B UNEP THHO LY St Ao EoEERENE LTHVh o0
BEHRIEYDDOH D, FIREERIEH Mussel DN TED L HICHENTO L P EH S
SETHMALHEITLOoH D, SR, EFOTHAOEFH LML TV S,

—7, Real time Monitoring 223 T# <, HEMTTELVMETH > Th, FFRIFROZR

1. WiraEggssr GRS T 305 RERENSHBE/NGI6F 2
Chemistry and Physics Division, The National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, [baraki 305, Japan
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EICLY, RHATHEICE 5720, HEWEBEBROELALTVWYEGHOBERE EbitED
LML T A5 5157 Specimen Banking ZRIBE T 5,

PEMAZ DB L TROMBNITS 2D, Speimen: LT L7 43I HARERL DL
FEANTH S,

HEnz t%2EEL, =)o 22ELTL34H 444580, ChegREHELAEAFNL
REMPIRMARI G T2 EE LT

2. REEFRASEOFY

LI FAHARE LI FANABEERTERSN, TRIATOE L0 (R
T AEEATE0kg ALK, BRIIEZERNT “U&H” L7k, RISKAETE DO
HHLTEIHOEDERAIE FIAATN D, "OXH" KTHARETIOOLLTLIDLDE
M2 FFmEL, KRBT EELL L, "Eg” FkE W0, MERICT-20°C T
—KEB LI, BEOEGFREL LB, BEZEZEodic—BF>BAL, @ELL, ChidBE
DAANODHREEEERTIAAT “BHE” 22 30&EL{UTEY, “HiH" ORb Y ICHE
Li-BD&MHELNh5,

BHEADLXEERT VF A F —THRT 5, t2VF 44—, EBOHIRHLHLD, KK
HEREANTHALTEL, ThicHig "Hodrsg 5™ 20 L3oM&, BeddEReiimla
BHHREIFAXLTRL,

"HotdH” BRERNUEE2ATHPSEREINTV, BRI RBERF o - VEIDRFESRIC
BHERLLCEL T, ~EROBHMPBEITED &, ThEFA TRy PDSLBEY (0X
Ya) Ehid, HBOEBALE VL D EEERBCHE b,

S5V EEBLIRT2EY, — 116 CTRET S, (L74F4 H45%)

LIYELAAMK22kgRE—Y =754 5 — (GINBHEBIZ 1 A4 (BB 27
VAED iCAR, TO057F, BLRARESTBULBERIBREILL, EAEADMIKRELNS, BRED
ERAERG 2O L EEEREMAREL, 2T 253,

T, BEGEMBRAYO T YIEEI0mI A, 1858 D05 Lt 3, ORI~ #
HERLNZ 5,

BEWSETLIE, S RBATROULEOEAE <y FEARAWTERHRIEEL T, &mli
BumEOBE EBIRER LIRS,

3. BERH
BHRLELTHE2ICRLALOZEAL, FHER, £BORNERETICEEMEL LS
REOAE S, GFHEESE, BRonESEXERSEORE, HrfiESFtE@Ladhdmoisn,
CHoDBEBEITE Ly TR L-OL, ERLTHO,
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# 1

LTFFANA BN LEESEMMIEOEES&

Table 1| Environmental pollutants used for spike of mussel homogenate
Contaminants Spiked Amount Contaminants Spiked Amount
p-hydroxycinnamic acid 14.20 mg diazione 9.00 mg
diphenylamine 10.7% DDVP 14.55
e-caprolactum 11.20 Sumithion 11.85
Hexachloroethane 8.40 Marathion 5.68
N-dimethylnitrosoamine 14.40 Arochlor 5460 2.08
tributyltin acetate 10.67 Aldrin 7.81
ferrocene 9.30 a-BHC 9.30
PCP 21.65 8-BHC 13.23
3-methylcholanthrene 8.16 ¥-BHC 8.61
methylmercury chloride 6.92 §-BHC 10.40
benzo[a] pyrene 420 p, p’ DDD 8.56
polychlorodibenzofuran 1.05 PP DDE 6.04
Hydrocarbon Mixture (C 10- 18) 80.92* o,p' DDT 13.15
di-isobutylphthalate 20.48 o,p' DDD 8.69
di-isopropyl 10.77 o,p’ DDE 11.11
diethyl 20.00 Dimethyltelephthalate 9.22
dibutyl 14.45 Diethyltelephthalate 11.21
di-n-propyl 13.35 EPN 12.58
dioctyl 14.29 methylparathion 5.30
di-n-heptyl 12.93 Diptelex 9.27
n-butyl benzyl 12.32 Dimethate 11.72
di-2-ethylhexyl 10.14 Endrin 12.45
di-butoxyethyl 14.83 Dieldrin 8.77
dimethyl phthalate 8.98 Kelthane 899
KC 300 21.23 Metoxychlor 9.51
KC 400 13.15 Hexachlorobenzene 9.35
KC 500 7.09 Heptachlor 5.75
KC 600 16.11 p,p' DDT 992
B LAY EOmIO 7€ VIR, £05510ml% 2. 2 kg mussel homogenate
EhCRALT,
* ﬁ‘ft*i‘:—&é’f%&‘i Clo—CigDa 374 ThHDH, %@ﬁﬁﬁ& gu=h& 7 AR
wEZ & 5,
x REEORFTKAVIEES
Table 2 Containers used for preservation test
# " A ORME K
) 453 2R wH HF 7 R 200 ml 300H
20 w34 - 2K Vy—FAZA GRY2F L rBAstM) | 100ml | 100/@
B 73RF2EHR FY) T F LS 20ml 30/
@ A7AT SR FOHERA IR 25ml 80
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4. FERE
BEAG A5 =L [ TEEhHIC, BTOMESOBELZEE L,

fal —196°C
Witk < » — (Dalic 35 ) AR 20 THRERERI LBEEROTICHET b b, ARORER

WIS B, HIRATHSAA L 7 2BEOBERYT 7 2ARMA NN, Y5 —-H72H
BOREBBCBEA I ANBERIOBRICHEASL I EBTETHEL -,
bl —115°C

RODYT Uy ¥ — i LD TEEORIILITE, — 115 CTRBEITST =770 —F—,
NER0 1, CDBETTIRF & 2 7 4 VA HERBRTAHEL 0N 7 AMRBMA OGNS & .
S TH B, HEEOFHICH L CIRRRE T ZABFICLBREZITS CLMTE S, .
(e} —85°C ‘
TERAEIC X1 — 85 CI4S, WERB00 1, FHcH L TRigbRE A RIC L BMEETS T “
LHTE B,

@ —20°C

¥

5. {REHIRI

b9—DDF A - F—THEHELTHE, RURETVEHZRH I ELO6, RNR2E

i3 e EZLoN 5,

L##ioT, 0.54, U4, 2E2ELRELLTHNETIbDE LI,

Zo4 2Vl NS 7 viBEO s 0 TS L
Fig. | Chromatogram of n-parafin mixture for the spike
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HRlE 4 g b sy, MAFBT b)Y UL gd, TVRVETODRT, THIRTEFVED
%, ~FH 0%, BHRISmIEMATHYZi75, MEEEIROML 8, BilicEgom %
BEmMAMH T 3. COBEEAI3RIC DIRL, BECRY, £2RE0mlic * R T 7 ¢ 3,

COBEEATFRLULBHPLC REAL, "y /A v oSHRERTd25, HPLC O &#:
BHTR EERTH 5.

FEREE20EHTH LT, 324 £ B3ppb Th »7e HMLANY/@E L Y BI, 382ppb T
TH-LDT, DHOENEI S BTH -7, THENEERLIIEHETOPRED, COKE
HRED, REOFRE—aRETILDOTEHEL, HECRBSFEORLERES 5L 20305
TRV, BMANEEZEHRTAETE, BEE25Z L5,

—156—




Bl aHEWRATREE B365 (R—36—82)
Res. Rep. Natl. Inst. Environ. Stud., No. 36 1982.

MI—5. 23fMAy AR AR XY

Pilot Specimen Banking

nOEH OB B 3 o= B.ZOH OE @

Masatoshi MORITA! , Takashi UEHIRQ! and Yoshinari AMBE!

- Abstract
Aiming to find practical problems in operation of specimen bank, a small pilot
banking was started using conventional freezer system at -20°C. Specimen stored
were air-borne particulate, lake water and sediment and biological samples such as
birds, fishes, shellfishes, plant leaves and human scalp hair. The detailed informa-
tions on the stored samples are listed on the tables.

1. ARVA LR Y RATLORR
BEZEORMOEED QRO bic, BRI/AEREHRAHE L ry: Y /v A7 43R 1K

RENS,
a@% W
+200C
Fa—7
g | mE T4
_BOC-\..
-196C
Ba®
+5T el 0 g
AEE -20C A,
REE -20T i
B#RE -20C
-
o Bl 1 ARV AUSRVEVTVRFA

Fig. 1 Specimen Banking System

1. ENAEHRS FRIERE T305 RMERNKEAmE g 16%2
Chemistry and Physics Division, The National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan '
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BEOLDIZEZLNSH D, IR LTERE, sRERESRYOoNnTL 2,

{HEE +20CTH, HATRET ACALAENO YD LD THY, £2, MpoET. BHE
Raw ) VEEELRBIOTVL S, '
BEE +5 T T, KHBOLS I, REBORHETUESL ERHSKD N HRFHET 5o
ﬁﬁi—ﬁOtﬁx4yﬂy7&mofm5uEééb.ﬁéﬁkgmwf.ﬁ%ﬁmﬁﬂucc
avFF—KOBTRESNS,

Fhe-T T —F U EETEETAHOLDTHS. BE -80T, —115COZ>D
BLSHM (B 3001 ) &, —196T ORAERABESR (351 ) 2BARE L To 5o BRSS

KREEING, FREKSEOASK2HoNE,

e

AR HAS
AARHAAF Tl LR
EEH
i h % i e3 gt
I # TEAFEE § FidcH

AEO, KB, ART

it oif(r 3 TORH

i TR

K 2 RERRE T s ANh=F

Filing card for Specimen Banking

Fig. 2
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WBATNEWwd, BRESHORN LV -RHRAATSHY, ~v+ v CRRERCTHE Y,
SLEER, REDBERREEBLEL,. ARORELELE - T 5, REIN 2 OBIRIC L B,
AREMRIR, EEORBREN SN, B—UERE LTRETIHBIKAVGNE, g1

REMBREHNBOA TS,

2. My bRk y
AFFOBEBTRRLHEIRRP, FHL— b LG LALATEERMICO LT, FHTNIC
NV TEBE L (R1~4),
BRIFOLET, HHE2EDLHCBERLEPHPEECHHBEHH 5, KEROERIRLTO LS
12 HETIT = 1
HEESEMTAISRICEH3IOR LAL I L7 7 e VRIRG IS ¥ 7 v ' 7578 %
YER LTV,

y
TEFLON -~
[~ PYPE g SUCTION
M 1 PUMP
o “0” RING
Zz| i ALL TEFLON
2 H y’ SAMPLING
% A d ADAPTOR
= ] 5
i
NYLON -
STRING é | E
POLYPROPYLENE
WEIGT IN
POLYETHYLENE SAMPLEBOTTLE(8E)
BOTTLE

B 3 WHEmNEMRKE

Fig. 3  Water sampler for heavy metal analysis

GIN BHEELH LT IRBVAEF 70 v 7 (20 mm ¢ ) 2RHKTHTE, FAELED
fra=tvvafv b (F7208) TRELT, = —SBIRANIBITEAL, Y7y
FDEFRICREF 7o vy 4775 aBEER YT (ULVAC DA-15A ) 2R W, KA
79 WA T OERICE, AfEL Ry T L R R OEEEODT, F1
o YEIFHRT D5 Lice HRHEIOANCH 2 1 O #iKERS BiF Treqa 728 L

HElE iAoy (H81) AR) Torr vEIOEELAR L, BEKEWLLT 109

=~ 169




mELE, BEKeRE LT, SFLEMWENE 80 ml 2 (~1N) HNerHKE, &
ZLTHRIBICGED, #500m] 0RBBTET0TH S, ERENsoEGLTERL, b
fa

WREBLSHMTAZEEENCE, MARLAES SN 7 2 BRS IRFKELFR LCH
Wiz

SUCTION
PUMP

X 4 ARELMEREMAERRS

Fig. 4 Water sampler for organic pollutant analysis

BEE, BREBOTHARSPR, REKTITE, #4 / - ( Mallinckrodt ) TE LI
Wie Ut SM7523 (51) AR, TOMOR/ER & v E =D ERICEY, il
RTA% 7 =AT3EHF LY, ¥ 7RAERES ImDbDAESABVAE Va4 Y ICTETIC
OO THEAL, REHERORICEK 101 2Bb LS CH I AEFORF LT 720 ZHT7 7 2
S LA TESE L. SA7 7 A2%2&BHON TRANBECETo~7T25 L, KEK
45m OMKEEK LI SR 77 AaFOERESKE, §47 75 LBEER YT (ULVAC
DA—15A ) 2EH L, vV 2 v I aETRKE LB Ui, ST 418k L, ER%E LR
N, SH752AAEBICUTTEE L. COHERINE, BROEEICL DT 7 AHROH
BIEEI 5, '
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M—1. X5BLAGOSRIBHEORSH

Determination of Higher Fatty Acids in Airborne
Particulate Matter

% RO k!

Akio YASUHARA'

Abstract

Extracts from airborne particulate matter, dust taken from an air filter, and
some kinds of soot were fractionated by column chromatography with alumina.
The eluted solution with ethanolfacetic acid (9:1-vfv) contained fatty acids and
other polar substances, After heating the solution with a small amount of sulfuric
acid, the esters of fatty acids formed were exiracted and separated from other polar
substances by column chromatography. Identification and quantification were per-
formed by mass chromatography at molecular ion masses of the esters. Fatty acids
from octanoic acid to tetratriacontanoic acid were determined in these samples and
dotriacontanoic, tritriacontanoic, and tetratriacontanoic acids were newly found.

1. ¥AHE

REBMLATICZEN BB EE TERBREICD - TH Y, BRER bR {(bay
ROWTHEZO—EMALHPHON TN, SLEMRDORBEFENY S (a)T Vb FEvHN
Y QIE L Y EDRP AN AET EERTFEBILKEOAFTCHA LSO TH B, Kifild
sFEREEMcE L THRBSN225 5, KEH CADOEBRS DT CHALORERL DS,
W o DRI TR L f, Laseter & ValleV itk n AR CAOBREIO—oTH 2
fardds, £2OENHEER D>, L OOIEHEITFRSFBICEESEML8E, F0kd
HEEMNECEZHEVIEE20TRED L AFRNTH B,

KA CAPOESRIEHRIGEE Y v 7 2 L—fhl, 7ovn ) okigikic & 3imd, i, i
Mith, YTV AsviersTaTl, FA7o< 757 —BRSHE: (GC/MS) kKL3R
E, EREVHEFTOREHh S, Cautreels & Cauwenberghe 2 3 ZDHLETT Vv F 7 - 7HT

v ERL RSB CADDG, FFEHVBPS MY T v s B TOEBEREZRE L, L

L OHETIEMIERS & thib i 2R ABT 2 C LI TENh o, W ORTOHET

L ESLAEDRH SHREEWE T 305 RIMESIAELS H AT/ 16— 2
& Chemistry and Physics Division, The National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan
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FohBCDEYyFLELTH -,

HBH, TEEBPLTVE3TEOERLOTTEEDL, KOMBLIUGHMERDLE
Bz RE Lo T2 RO TERIZHW I,

2.2 mlisregiRfe

AREB LA (338mg), 74085 —EDi3Z v (15.61g), HEDE S (13.57g), KE#d o
®F¢ (67.0mg), AlHSOFE (136.9mg) &L, ~vr¥¥ (200ml) T2EEL LY »
FRU—HE LY, B -7 ) —x 01— 5 —TEEL, KOTRIERLAELS KA S
LyO2 bS5 T 4Rt T8/ — /Kl (9 0 1)TORMMKICHERE (0.5ml) ZmA,
4 BSEAMEEH L, CORBHRET— 9 Y- NEL—5—T1/3 8% THHELTHDS, Na-
HCOs /Kiic it e Y7uo i sy 100ml) T3 EMHL, BREkEv /o257 4
—EiTote BRAVENImMIICE TEREL, WIBEE (€Vy) ARRER 1ml 700 1 2g 7R
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mbL, GC/MSTHrLI,

Crude Extract

Alumina (Merck, Activ,])
40g
| o
Hexane Benzene Ethyl ether EthanolfAcetic acid
(200mL) {200mL) {(200mL) (9:1,200mL)
Fr. 1V
Esterification
Alumina (Merck, Activ.l-TI)
30g
Benzene Ethanol
(200mL) {(200mL)
Fr.1 Fr. Il Fr. 11l Fr.v Fr. V1

B 1 #3L70%b737.0 —ik 50850k

Fig. 1  Separation procedures by column chromatography

2.3 GC/MS

HAE S IMS—DX 300 it GCG— 05 ARy =1 753 7 & JMA—2000< A5 —
SHPE Y AT LEBERLTTRZAARZ PAFRIE LI, 254, 1H0OV—1T (P oes7W),
Imx3mmid;#7A0E BE9245870°CT, 4°C/mndEET3IN0CETTERR, EANE
B, 340°C; #+ V¥ —HR, ~VoLEHm/min; €L —% —RE, 250°C; 414 VRN
1~2x10%Torr; 44 »FERE, 200°C: 44 {LE#H, 300x2A; 14 b 74— Tlev
S MDEEIE, kv XF+ LY, miz 10~600; AF e va2E—-F, L3I/ 2Afrv; RE
w YAy =, 3B, EEREEBOZEIFNLIRTFNDHRFA L Y OHERMTDOeAI
b 57 4—icEDiT2%a Cro, Crz, C14,.C16, Cra@DIEHEEOD T F 0T 2 F T DTS
WA L, v2 202 77 KB BZRMEEOE -7 LR T2 F D E — 7 OMEHH
SIER L, EREROHLOEAMIC OV TRIKRO K Hi, {tho{batn O BER % 66 - TRIZEE
Lts

Cs ~Cramr Fh BT F e ORIER

Cir, Cige N5 R T D BT

Cu, Cu— FE3FH /BIFLOBLER

Cis, Cie ~EHFH BT ORI
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Ciu~Cu- 424 FhH VvBzF vORERE

3. HREER
S LA OFERS = R8T Sicid, M@ rERashe3Lobh 4o
BTG 74 —OFENEE L, &0 ORMBRIE U TRAMMSTL TRV L, PRS2
TELRBABE DO TCTH D, K1 DELS 1 i IEIHREIKEY, B0 I3SREERILEY
POBPE LS, BN M7 F VB X7 A0 L9 BhiB(LETs, maNicEiitibs
MBEETNTVE, 297 —AZ0THN T L OENBMABHTE N hdl, T4/ —NEEE
MDY 1BARTHENT 2T LDTEL, BHLTEEHRETZF UL, Brav o3
74—l sE, BRVIEENET S RFAN, EAVIICEBRE(LSMASEN T,
SR BY 54 7 5 74 EROBILROHE REE LIOR L f2, FHEEINEZ OB - 7255,
REMBVL & SNED 21D T, TOMEIR$~<T59.4% DEITR THIE L . “

* I &7 554 /EoOigR

Table 1 Recovery coefficients for octadecanoic acid

Recovery
Run 59.5%
Run?2 58.0
Run 3 60.4
Run 4 59.4
Mean 59.4
Standard deviation 1.0
C. V. (%) 1.7

SWEICBI LT 7 2BV L I/ E TR C 7, Mclafferty #2674 4 > ( B388),

BB F VLR TFADRFA R BLUORNBEETEI L DRTA 4 v (BBH202) i

DVTTRI AT M7 oA BRI L, HIERERK2ICORLE, w202+ 457 4 —TODE

BEHEAR 2o b 75 74 - DBEEEDFTRECHN, »2002 M5 70 —3GEE, &

B AR L. FhUBE, FFAVER, FE37AVE, ~+4FAYE, A2 70 vBog
HiER G/ A0, 5, 5, 2, lng TH -7

REBLA, TT3vD7 408 —FickE 27320, BEHMSCERLATTiET 20505
BOTFVIRFMCDOTOVR I b 76%M2, 3, 4R, Y- 2@l Bod 7
g AT EMiciRL -, BEEEVNRERO LR FVIIRBERS—BIIAELE-THy, Y
RO A7 AREMENBO T 7208 CHEHL . ESrNIEBoBEIEEL < i
- RAA /P N
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£ 2 =RI0vbI57 40—k SHlERKE
Table 2  Precision of measurement by mass chromatography

Measured concentraion {pg/mL)
C,, acid C,, acid C,, acid C,, acid C,, acid

Run1 325 36.5 37.0 37.2 43.0
Run 2 41.0 32.7 33.0 332 364
Run 3 46.0 38.0 38.0 347 38.0
Run 4 36.0 33.0 32.7 305 34.8
Run 5 37.8 330 349 31.6 37.0
Mean 38.7 34.6 35.1 334 37.8
Standard deviation 5.1 24 2.4 2.6 i1
C.V.(%) 13 7 7 8 8

Tested solutions were prepared at concentrations of around 35 pg/mL for ali acids.

TOTAL ION CURRENT

miz
A 480
-~ 452

- 424

— 396
382
A 368

354
SE\ 340
A 328

I\ 312
X 204
-_l S 270
258
e 242
228
214
700

— et 186
4 172
I W YO0, U NSO 4
-\ 202
1 20 30 40 50 60
TIME (MIN)

INTENSITY

B 2 RImUAGhOENE (TFALLRTFVELTYDTRITZET S A
Fig. 2 Mass chromatograms of fatty acids (as ethyl ester) in airborne particulate
matter
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B 3 x72vD74M07 oL
ftRe o oholslg (z 5T
AFNELT) DwRIBTLYS
7 L

Fig. 3 Mass chromatograms of fatty
acids (as ethyl ester) in dust
taken from air conditioner filter

BIRTADRELR RN P B 30 FA 4 rOBERSTFREKIERL TV 5/,
LT Ehh, HTROKNEIKMBROT AT VL, m/z 8TORAIo2 b 37 4—£Db,
DBFAAYTOSAI 0= IS5 4T, LOBERCBHTSE S, H5 DT 14 & Mclaff-
erty 4 4 v OMERERL Iz, BEREHOIRIE & AT ERFR OISR oI, - 5oL

PEEI NI,

Cs PoCaut TOIENBOREAGFREHKL-TEEEbTH -/, MEKFOHTAERL
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Fig. 4 Mass chromatograms of fatty acids
(as ethyl ester) in soot obtained

from a chimney
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INTENSITY RATIO OF MOL, ION VS, 10N AT miz 88

8 10 12 14 16 18 20 22 2 26 28 30 32 34
CARBON ATOM NUMBER iN FATTY ACID
B 5 MEMificFLLtRTFADYRARARY FICKF BT A4 v & McLafferty 4

F v OBEL
®; SR FHOENSE
O, SRR EYRS

_ Fig. 5 Intensity ratios of molecular ions versus McLafferty ion in mass spectra of
fatty acid ethyl esters
o; [Fatty acids possessing even numbered carbon atoms,

o, fatty acids possessing odd numbered carbon atoms

TLadichEBbind, ANPKEMEBESSLHOTdich~T, BRALEILc§ it
L RDIEE L ST TV, BT H{EROFTHTTARYMMAZN/I-Hic, J&
Mg D is 0 DS ME LI D TH S D0 KRB LAL 7 4 08 — LR T D ORICIIRIE Y
5= Y AIED DEMR DI, KEE L APICEA 2 5 75 VBb b - & b5 AENTOI,
AP RKElrooTIdiE~t T A vENb - LEEBENTEY, 7109 - LD
BCOPERHGOENR LT REF Iy VBHF b 2B -7, REBLUASBLIAE
Whonddhic~vy vy Favy iR s+ a3y B EOEVgABRI S I oDl
RERDS LI ot THD, FREUTavs /B, PYMNITaV2 8, 7Y Ty
& VB, 7 ang — LoD, EREMSENLATTRUGH» ODFFhic, ikt
iz, REMUADDOBHROBEZMOREL Y icL-THESNIHLARETSH -1,
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Fig. 6 Concentration distribution of fatty acids
{A); Airborne particulate matter, (B) ; dust taken from an air conditoner filter,

(C); soot obtained from a chimney, (D); soot obtained by combustion of petroleum
oil, {E); soot obtained by combustion of soybean oil
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Anyalysis of Organic Pollutants in River Waters by Mass Spectrometry

A A B We% K | XX B e

Hiroaki SHIRAISHI!, Akio YASUHARA! and Akira OTSUKI!

Abstract

Volatile and nonvolatile organics in river waters were analyzed by gas chromato-
graphy/mass spectrometry (GCMS) and field desorption mass spectrometry (FDMS).
Volatile components were concentrated by steam distillation using a Nickerson-
Likens apparatus or vacuum distillation, The extracts were analyzed with a comput-
erized GCMS system using a glass-packed column with high resolution. The results
of the analyses indicated particularly the presence of large amounts of ethanediol
monoalkyl ethers in Hayashida River which contained effuents from the leather
industry. The nonvolatile organics in the residue from vacuum distillation were ex-
tracted and analysed by FDMS. The results showed the presence of polyethylene

glycol, many kinds of poly (oxyethylene) alkylphenyl ethers, and some kinds of
free fatty acids.

Poly (oxyethylene) derivatives were also extracted from polluted urban river
waters and analyzed by FDMS. The results of the analyses indicated the presence of
polyethylene glycol, polypropylene glycol, poly (oxyethylene) alkylphenyl! ethers,
and poly (oxyethylene) alkyl ethers. Poly (oxyethylene} alkyl ethers were quanti-
fied by FDMS using tetradeuterioocta (oxyethylene) dodecyl ethers as an internal
standard at 107% to 107% grams levels.

1. £RHNE

AHNEEI % BB I BEEMALIRIS & LCRIAIL TR D, £< OEREHEAFEN IthicgbliL T
Bo HUEMPEIEQ ED(LEME, AT, 28, BRI RIGHCHRALTL 5, T XD
KL THEINDIZ 2 OFFEMEASNGEAT B2 &, TODEMMEILL, FHRTERE
MR T LT 5, BEANAhOBEEMEAREL, KEOHFLOREL LB IHE LRV
L, ZoNFEEErd 3 s, KEEHfM - €=4 ) v/ F 3 LTRECEETH B,
ke ET 2 A8 cAY 2t « FET AT EEENE Tt LV EIEETHD
N~y FAR—REE 9, XAD- 2 Hig & 5 BISREEIS YD WREE 1D KEnd5, At

1. ESTAFEBFER AT T 305 RIS THRAT NS 1635 2
Chemistry and Physics Division, The National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan
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BT S 24, BRSHEALFINKTE, T2y v2ERLOT L, Tgkits
MOMBREPBEC LS HEHA OHEBECOFEEENTACLHIFT LMY, FX a2
77 (GC) THRMLEMEDTT 258, SEREMELILEST L L, BoBE— 7 OME, »
7 LOSHMEDET I EN EMBEHEL, Hoh UDKETEECEEET L - T, Bl
HOSEDEE « L TH TEMEE L, BETOOA T ZKESERTED, RbEREEL,
ZORHEOWMHSRBEL A0S LWL, D Nickerson- Likens @35 19 i3, #HER
KEFRE L EEMBEAHAADEL DT, ZELU LA SOLHMMER/NBIIA ST EHTE
A,
FANKPOEEHOMFIELTOR TV 28, ZOMRLTI{LADHSEREERSCELNT
WET BB, AT, MRS 4 Nickersor ~Likens O35, 2 W3 HAEAREFR B
WTOEHRLE L, AR e b7 7-ERAH (GC/MS) RXDEEETHIE E biT, #
RS BRI B (FDMS) itk B L, MIkdoBBLSmE, R
WHD S HEREME LY THRELI,

2. £ B

2.1 BRBELUDEE

1) 198044 H2H, REE, #EOHT5 1 §KELA, 2OH, 1.7 1 %Nickerson-Li-
kensEET I HEL, =Frx—F4 (100ml) ZHhiEE s L CERKEREB LT, x -
TAGRKAPERGE T P Y ATHES 4%, WET TKuderna-Danish B &S Tl L, GC
/MS ootk & Ui, B2 | 2Bk, HERETL, #IIESE -80CCIKGHL /2285 b
797 Ui, ZHEPOF MM SR L MBEELHOTeF vz —F 0 (300m] ) T24F T L
foo T—FEREEKERS ) v LA TERE, Kuderna-DanishBHERCHIETREL, GC/
MS DEE E Ui, HAETREE, FfFr (400ml) THIKL, BizFria—s) —x
AL -3 TEHEL, FDMSOSHTEE & L

2) 1980 8 HI18H, FE)I CG-F45), BRI (B, HE) THKLA, FEKIZE bicE
RZCHDRD, Y9527 409 — (WhatmanGE/C) THBLL, ZOWI1 %, HohLH
Jones SOFH D Ik H R ER DB XAD—4 (5g) #KTAL LT F2HF L(55m
X1Llemi.d dic@Ut, WEBR TR MY (T0ml) THEHL, m—# ) — T KL — & CliRk
FDMS oatricft L7z,

2.2 SHEH
HAZa7 TS LBLIFE] RAART MV, JGC—20KAR 20w 473 7 %8481 1

JMS—D 100 _—HMEEBE (AEET) THE L, 77— 2081 TMA—2000 <2
F— BV RF L (BEEBET) iKdat, #7683 A872487 4 (3mx 2mmi. dHZT hermon
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/min@EFE T 210°CE T LA S L, BADRERZ 240°CEL, V¥ —# 2 (He) mifiddiid
40ml/min & Uk, Bl iE, S FFAP (22#—1+S » 60—80mesh) 2% TAL
H72xHF 4 (2m X 2mmid) 2ER U A7 LR 240°C, FEADBRKIC, ¥ +Y¥
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— F@BI 10kYV, #v-—-F&HE -3kVEL, T3 9 sBHERz Iy ALY Oy S5218) T
LDEFRI PR S E, FD=R2~<7 MVvid, 9V — 2 SEORISO®E R L E &
DAEL, Bohfc&RA <2 b vERBEL, HBEREM - F VICERRL, w17 0v) v UK
LTy FREBAELIITD,

iy o~ 7357 (HPLC) H, model 6000A £ 7 2%, model 660 Y ~<vb 7 a
Y5=—, UBKA ¥ Y= 2 ¥, model 400UVKeHEs, model R—400 RIBMBEL L5 ALC
/GPC—204 (Waters) ‘&ﬂ’éﬁli L

NMR A7 b vid, Bruker model SXP 4—100 FT—NMR K X 0#ElEL Ho

IR 27 bagd, B3I model 2B5IC LD HIEL 24

23 R K

JF - BLUFAZ L LF LY FF T —Fid, Fordyce SO HE R K- TRIEL #
/I BEUTFAZF L) a—nwDF YL ER{E Y Foauh oAl LI, A9 54 F
IFVv-a a g f-dy FFYZ—Fid, EibFd =k, ~FvdEornF Ly FFons
—Fah oG Lz 1-7e0u-3.6 9. 12. 15.18. 21-~T#4+ ) MY FTa vy s, F L
Yda NI —n@F M) O LEDFES LD E, M-ESEEL R YA F YT T LN T
=7 (EEE1~8) RHEFLERED AT L, ChooEV A+ F Ly, A5 LY
av A7 (YUAYN/REERcFA T by k=55 35 10) THEELLOL, {EH
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thDFHE, SHEDHRGEMH L, TR LEnr-1s
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MBIz, FeRSELSOHKERALTED, SEEALERE COD T 365ppmd I
FICHEEPMU» -7, BT BRU2FHNF N Nickerson—Likens 035 (R3) & HEH
B (4 THERBLLABREEBLEHORs0< 7 7 2%5RT,

! 1 1 T 1 T 7T

T Y
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B§ 1 Nickerson-Likens D¥EIC LAMMDOA R 7 aw 77 4
Fig. 1 Gas chromatogram of the volatile extract using the Nickerson-Likens appa-

Q-
o™ o = ™~ N
N :
©
™~
@
[
C
Q
o 2
L n
o ~
= |
~

9- w ~
u I
@ =
T o
]

\L b’d&h
|

T

8

0

ratus

™ ™~ o S8

- n

™
&
(1]
ol W
o
o
n
@
4 e o~
o
-
(=}
- w
[ %]
@
-
[+H]
(]
™
o~

T 7 T

T =TT 7T T T 1T
0 8 16 24 32 40 48 b6 64 72 80 B8
Time {(min }

K 2 BEEERFKECLIMEMOSFRzO>SS 4
Fig. 2 Gas chromatogram of the volatile extract using vacuum distillation
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Fig. 4

K 3 Nickerson-Likens® 58

A4y UER, B MUBERESR
Fig. 3  The Nickerson-Likens apparatus
A Sample, B: Organic solvent

HEEE TR
A:HYy7AE B Z& C.oA40r797,
D; F.7—ry, E: BT

The apparatus for vacuum distillation

A: Sample, B: Cold trap, C: OQil trap, D: Dewar, F: Vacuum pump
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£ 1 HANdEROESALANE EDBE (ppb)
Table 1  Identified Compounds and Concentrations (ppb) in the Hayashida

River Water
Peak Retention Concentration®
Name
No. time (min) | Method I? | Method I°
1 Ethyl acetate 3.00 60 585
2 Ethanol 3.49 1970 4020
3 4-Methyl-2-pentanone 5.20 232 535
4 Toluene 6.00 99 NDd "
5 2-Methylpropanol 8.00 142 683
6 Butanol 9.80 87 318 s
7 2-Ethoxyethanol 12.44 250 1200 N
8 Tridecane 15.32 9 34
3 2-Butoxyethanol 16.04 1310 5680
10  Bis (2-dimethylaminoethyl) ether® 18.56 NDd 143 .
11 Tetradecane 18.64 298 NDd
12 1, 3-Hexanediol® 19.60 251 NDd
13 2-Ethyl-1-hexanol 21.48 68 111
14 Pentadecane 22.44 104 208
15 Hexadecane 25.48 56 114
16 Heptadecane 28.48 27 32
17 @, a-Dimethylbenzy! alcohol 3092 N 119
18 2-(2'-Butoxyethoxy) ethanol 31.52 35 240
19 Hexyglycol mcmoisobutyratee 32.28 12 NDd
20 2, 6-Di-t-butyl-4-methylphenol 34.00 201 2095
21 Phenol 35.72 306 895
22 p-Cresol 37.76 52 204
23 1,5di-tbutyl-3,3-dimethyl- 40.40 NDd 35
bicyclo[3.1.0] hexan-2-one

: BNEEROFHIER L THiEh,

: Method I {1 Nickerson-Likens O3B &M S KESEFHEE T T
: Method I EZE R EERT

: ND AR ETT,

D LS DALEYDRIERREE LTI,

These values were not corrected with recovery coefficients.

o a o o B

bMethod [ represents steam distillation using the Nickerson-Likens apparatus. in
SMethod 1 represents vacuum distillation
dND means “not detectd.”

®These compounds were tentatively assigned. \
..

AR, F1IORL, B2RETETHH LIEY, 2{oaNTRENGHRENS
T EmD, BZREEOLY, KELGEEELDHENENFOLOLEEISNL, -2 bdvr 0
s —n (8 = BESLTEM, 2-7bFvxy /- (9), 2H2-7bFrrbFY)
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Ty — (18) BEDTFTIF Iy ) —VEBREEIN TV Y, ZhHD{ELAHMNEFDHR
N SR ANAOREEIPIHTTH D, C1id, Nickerson-Likens DiEEPETERFEE %
Mo EEsH B Th -2 s, FRALIA S A0NEESEhTO B E BEbh 5, 26
—Pe T F A A F T S (20 i, BILHILRE L TECERsR T A0, 50 b
B RICBRESNT, Z72/7—0 Q) 27V = (22) bOMIEE~LEEL, 1.5
— =T FN-35-VAFNEYID (3.0.0) ~FH U204 (23) 13, LA, AT b Bl
N BRI TV, A-AFN-2-RV PV, NIV, TH /=, 2-ThEFVIH -
N, 2-FhE I -k, BEOREHERTL VS -DENTHED), chdldy YT
~ AT E6DEBEILLRS,

e T T T T L A
4000 3500 3000 2500 2000 1600 1200 80O

Wavenumber (cm™ )
& b HHERMASD IRR~<2 b

Fig. 5 IR spectrum of the nonvolatile extract

“*Jﬁ—%thL“thA_h
8 7 6 5 4 3 2 1 0

Chemical Shitt (ppm)

X 6 #HE#EIEIERSD NMR 2 <7 P
Fig. 6 NMR spectrum of the nonvolatile extract
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PREIHOFENIARDEZ R FERMEmO IR, NMR 2[5, 6 2R FHTET, [R2~<Z b
o, IRBOGEESEE SN, 7, 8O FD A 22 VA RY, MTRI Iy
BHRMEHP 0O~ 6mAT, REeR8~13mATELNLDTH S, @, FDvRA~I bV,
BFAXDEITAA vHOLETOC EHFRONTEY, £/, [RAXZ bud s KOG
FEBHEENEZ L0, BTHhDOm/z 256, 282, 2840 E— 213, #hEH, 7 M5740U8,
9-A9 57T VR, BLURTTY YBOBA A v THLEERRA L, 2h 50L& MMBERT
AT L, GC/MS i LA O RS ORATE 1, M7, 8 THHEMLCT LG, M~
A2z g b TERE—2HBEATVBIET, CREIF LY AE4 4 FOREAMDELAEHEES

n
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‘@ 282 327
£ 50 547
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Fig. 7 FD mass spectrum of nonvolatile extract at low emitter current (0—6 mA)
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Fig. 8 FD massspectrum of nonvolatile extract at high emitter current (0--13 mA)
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HZ, FYF+rF Ly (POE) ODFD=XANY bvid, POE-Td 7 =0T
—Fad, W, BAA v AEEZ AN, 7. B DV T WO POE-7 & L z— F A0 H
DxFrvs)a-nid (M+H 4404325258, LoL, SSEMICRITEMAER, =
=4 rovhd, RETEERE, 248K, TV INDOBIREVENT I C BB OhiTiE ot
E2LInoOARTH, POE-FFvAr—F7ADFDvRAARY PERIETEBL>VLTO
)& L fg

TEMMERELBVEAIZE, M+H) A4 VicHE 30— v =y + T &R
rraha(E2a). RKEOEMEL I vy MmTsLE (MTH) 14 Y0Epi (2M+H)*
AAVIRAYTIAA DERLTLS (EF2b), THVIRAI—AA VI, 23 5 ERBE
{IsBEMIRLTLES, ok, FrUwaEFAELERE, B w4 2ERLLD, 5
Wik, AEEF PV LETURLADTE L, (M+Na) 14 Yt 33 -7 8BTS
% (#2c). &2 did, W0EDE(F MY o LKEBRPIEBLTHWE POE-FF vz —Fn
(100 g/ 1) %= ik, AEL7EET, (M+Na) A2 YBELRA44 vFEERE-TED, fiic
(M+K)* 4 4 Y SBBmSBH, (M+H) A4V RERLTOED, Cok57, #FA4vh
DRFRMAMT B ERIDA A LHBECBFII FDMS CRECHSNTVE2Y, POEHE®D
Bé&, Tryeavs, YF94, Fb0SA AT L, MEITL YL, BHEOEOH]
BEF Ttz vz flE@d s, choDhF4+riaTiMfiliz44y (M+ cation)* Hi4
DT EDPASHICIE o ({9 TSI, BEDHETREAA Y DOAEER LTV PO
E-Tnd 7 2=nI—FATHRAKOA 4 LSt 5T AR I NI,

K8 iR ohAm/z 507, 551, 595, 639, 683, 727, 771, 815, 859, 903M & —7 i3,
wH, POE-~F#Frrrz—7mD (M+H)* 44 vREUTELEZISNLY, fittiarhic
i3 M+ Na) 44 YEERTZ20IFHEROF MY 6445 HEET ST EHHESMTIY,
ZhenAFd Vi, POE-/=—W7 s=—vL—-FAOHSENELSINCHY T 2LaHMD
(M+Na)* 44 ChadERBLIEL. 3/, m/z 567, 611, 655, 699, 743, 787, 831, 875
DE—FiE, POEB-/=2—w7os=nz—F00 (M+K)T A3 v THELEELONE, m/z
493, 537, 581, 625, 669, 713, 757, 801, 845, BRAM VY -7, POE-AZFNT7s=ww
I—FAOESEMEMSID (M+ Na)t 4 4 vicHNt 5, chieindsd (M+K) 44
vt m/z 509, 553, 597, 641, 685, 729, 777, 817, 861, 05 LB X hih, hoi
POE-/=—AZ7 2=z —F7a0 (M+ Na)* 14 vOiEfHEE -7 LEE>TWE360LEZ
bhd, £4KT7Tm/z 327, 371, 415, 459, 503, BATIR R ohbsE—2713, Rz F LY
F)a—LOBESERT 5120 (M+ Nay 4 4 vigfiYT3, POEHOFHEE, NMR A~
TEWT —CHe—QO— KRB TEL VI3 TppmitH 2 Eh ObHET S EATSE
3, POE-THd 7 s 2x—FaE, dEikFlE L TIESK ERHENTH S,

LENOANIK 1 | % XAD—4 Bisic L0 @@ L 280 FD w227 b ERI0ICRT .
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(a) POE FFvnx—-FnOREMEIFDvRAANRT MV

lpg%xiysicEHRLI,

Table 2 (a) Typical FD mass spectrum of POE dodecy! ether, 1ug was loaded on new emitter
mfz 319 363 407 451 495 539 583 627 671 715 759 769 803 813
rel, int. 28 59 63 77 90 100 96 92 68 60 40 13 26 15
assignmenta) H3 H4 HS5 H6 H7 H3 H9 H10 Hil H12 Hi3 c9 H14 C10
= 2 (b)) POEFFivNT—FADFDeRR~_T b

Wpgarxri o FiIcBHLI,
Table 2 (b) FD mass spectrum of POE dodecyl ether, 10ug was loaded on emitter
mz 275 319 363 407 451 495 539 561 583 593 605 627 637 649
rel. int. 3 71 100 86 70 61 64 14 43 19 13 40 32 13
assignmenta) H2 H3 H4 HS H6 H7 H8 N8 H9 Cs N9 H10 Co N1©
m/z 671 681 693 715 725 759 769 813
rel. int. 34 45 14 20 51 13 46 46
assignmenta) H11 C7 N11 H12 C8 H13 9 C10

il
.
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* 2 {c) F MUY LEAEBEIRELLBICAELZPOE FF YL —FADFD 2R 2~ b A
Table 2 (¢) FD mass spectrum of POE dodecy! ether measured after several measurements of sodium salts

mfz 319 363 407 451 473 495 517 539 561

583 605 627 649 671

rel. int. 19 30 41 59 10 73 23 97 49
assignment] H3 H4 HS H6 N6 HT N7 HS N8

100 54 70 59 67
H9 H16 N10 N10 Hil

m/fz 693 715 737 759 781 813

rel. int. 42 49 35 32 22 22
assignment®| N11  HI2 NI2Z HI3 NI3 Hi4

#* 2 d) 10BDEF b U 2EHESOHHLIZPOE FFYA T —FADFD2RARY b
Table 2 (d) FD mass spectrum of POE dodecyl ether, which was extracted from the 10% sodium chloride solution

m/z 429 477 517 561 577 605 621 649 665

693 709 737 781 825

rel. int. 19 61 81 100 13 85 13 66 12
assignment®| N5 N6 N7 N8 K8 N K¢ NIO KI0

43 10 30 14 11

N11 K11 N12 K12 N3

a) Hm, Nm, Km, Cmidzheh (M+H)*, (M+ Na)', (M+K)" BL M(+M+H)" 1 4~

THbHT EERT.

a) Hm, Nm, Km and Cm mean types of ions, i.e. (M+H)+, (M+Na)+, (M+K)+ and (M, + M, + H)+, respectively

(m indicates total number of EQ units in the jons.)
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Fig. 9 FD mass spectra of equimolar mixture of monodisperse POE dodecyl ether
(degree of polymerization of 5 to 10) which were measured in the presence
of LiCl, RbC], CsBr, and AgNQ;.
4 indicates (M + Na)* ions of POE dodecyl ether,

in/z 331, 389, 447, 505, 563, 621, 679, 737, 795 K68=R2 =y kT EiCE — 2 HiElN
TW3, ChidFyFoerysYya—-nd M+ Na) 414 YichRT 56D EEL LN D,
NMR #5648 3.6ppmic —CH,—O0— BB TE 3 v/ Fap@BIhi, £Y FoELry s
U a—atd, AREISERIATO LY, AlKkPLLoBRNBSEBEIDTTS S,
HEINO XAD-4 @ikic L 28Eicl, FD=ARARI Mh L POE-TAF L —F
BHETHC EMEES N, POE-TAdA T —Fad, EEBGERNE LTEL EHEATY
ah, EXZFoMEMTREFIEETH -1, £TT, ThHD{LEYD FDMS i X3 E /i
SWTBHEMAL, FDMS TERYT Bicid, EEROET ~0 L RBERERLETEH 528,
S, A2y AFvTFLy-dy FFYLT-FAESERL, ARES Lz, (ML A4
v (m/z 545 & 549) O EEH AMtihic, MALHRERLO e v R REICE > THERL L
FOIFFUIFLYFFUNI—FAORBBERIICRLL, m/z 546Dm/z 54912363 %
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Fig. 10 FD mass spectrum of the extract from Tama River by XAD-4 resin adsorp-
tion

PPG: ploypropylene glycol, PEG: polyethylene glycol
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Fig. 11 Calibration curve for determination of octa (oxyethylene) dodecyl ethet

WA 4 vREOESREL, T3 04 KBTI Y TARBI g AT 3% TH10
POE-7 &AL —Fvid, HELEANTSHE0T, MELSERT DI TTOLEY
RBAASEEA AT LS, ChEEBERAEICED . SEEMHORER <2 rrvE
TOMEBE L RHNIE, BERLLETRIEITETH S, B—MEES2POE-FFiz—F
W (EAHES ~10) O% T VIBAYICHIEOSOMEE ) F v %A, © 1y #8BH%E3mA/minT
LR, @UELBBCLVBONRREARY A LROIENBEEESIORL 2, @
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% 3 BM—BAF4ELOPOEFFYarz—F (=556 10)0F e viEs
D FD 2 ARARY bTD (M+ Lid*' 4 4 v O HE

‘Table 3 Relative intensity of quasi-melecular ion (M+Li)* in the FD mass
spectrum of equimolar mixture of monodisperse poly (oxyethlene)
dodecyl ether (n=5 — 10)

n 5 6 7 8 9 10
Rel. Int. 59.1 76.9 83.0 100.0 120.6 97.1
SD 11 83 4.6 — 58 10
CV % 19 11 5.6 — 4.8 10

B LAASBEEICET 2 LD IKEAESO Y — 7 2R E Ui, MREEE, VFoa4d v
SFIAMT A Ein k344 AMLOBBERBL TR EZEZONEH, TFLy4F44{ FD
HAHEFIZONBES ER LTV AHEE, 12 vibiceFLrvd o4 FREERGHD 2R
LTWaZ E%5TRBE 5,

H12ic XAD— 4 §lgic L 0 84 L - B RN OSERMER D ICEKE 7 ~ v L TSR L A
VF LT LE MELLFD XX bviRd, m/z M9R 5hae—7 HMA
LAEIEED (M+ Li) A4 v Thad, M~ LEHBET -2 B TEEHAWII S,

(M+Li)" o
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=
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M 12 B8iiomko FD vz 2~z b
Fig. 12 FD mass spectrum of the extracts from Meguro River water

m/z 1) 415, 459, 503, 547, 591 ;
2) 443, 487, 531, 575, 619, 663, 707 ;
3) 413, 457, 501, 545, 589, 633, 677, 721 ;
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4) 427, 471, 51b, 559, 603, 647, 691, 735, 779 ;

5) 441, 485, 529, 573, 617, 661, 705, 749 ;

6) 469, 513, 557, 601, 64b, 689, 733 ;

7) 447, 491, 535, 579, 623, 667, T11, 755,

FETHnEn,

1} POE-/=—nx—Fu,

2) POE-9¥YFyvar—Fi

3) POE-FF¥aAL—-Fun

4) POE-+UF¥nz—iu

5) POE-Fh3Fnx—Fi

6) POE-~&F4F T —Fi

73 POE-J2—nY 2=t —Fn

D (M+Li)* 43 rTHELEEBbNGE, £, 88vRa=y LI m/z 483, 547, 605,
663, 721, T REShAY— /RN FoevrLrsya—-wn (M+Li) A4 /i YT
ZEEZLNBE, THhol, POE-TafAz—FA0 (M+LiVAAYETGIEATNEEE
Aonb, o POEMHOBER, 74+ rBELEZ0RTAF LT z = VEDEHICL - TRIC
ROIFEEMNE LTV E LTHEST B E 202 0g/1 LMo, HaD{bEMORBREGRAK
F R R S

£ 4 EEINKPZROIZINIL POETAFNMBLUFTAF AT o=V —
TR (ag/1)

Table 4 Concentration (ug/1) of POE-alkyl and alkylphenyl ethers in the polluted
stream water

a s 6 7 8 9 10 t1 12 13 total
8 1.3 13
9 17 | 27 | 31 36 | 29 | 21 16.1

10 4.0 4.0
1 2.1 31 | 29 | 26 | 24 | a5 15 19.2
12 34 | ss | 78 | 62 | 46 | 46 | 29 39 39.9
13 42 | 12| 92 | 713 | 66 | 64 | 40 | 18 | 28 | 495
14 20 ¢ 29 | 39 | 37 27 3.1 2.0 204
16 27 | 40 | s8 | s7 | 46 | 31 1.7 275
nonyl*| 2.5 30 | 43 | 43 | 33 | 36 | 27 19 255
total | 148- | 265 | 368 | 344 | 280 | 301 | 199 | 91 | 28 | 2024

* and m indicate carbon numbers of alkyl group and numbers of EQ unit, respectively. nonyl indicates POE-
nonylpheny! ether,
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BLOPBROPOE- 9y Fyx—FatiGEivTh, 4, 732 vav2, 3LHEPOE-FFvu
I—F4, POE-MDFyux—7n, BLUMAAREENSTIATOLIESEH 5,
POE-FFyn—FuRED7577 ¥a Y bRATEYD, MALARERL, 777 v a2,
JieoAHEHINTV S, FULEMO d ke do b, B0~ 732 THBESNEEEE
R, 7720 v a v IRBEONLPOE-FF vz — 7, MAHHBEEDRIEHKLERS
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Fig. 13 Liquid chromatogram of the extract from Meguro River
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Fig. 15 FD mass spectrum of the fraction 3
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V—1. HPLC-ICPOBR L BEEMPDOEREZF ) L I ~D
ey

Development of HPLC-ICP and Its Application to Arsenic
Monitoring in Marine Life

B E 8@ 3 2B

Masatoshi MORITA! and Takashi UEHIROQ!

Abstract
A highly sensitive and selective ICP spectrometer was instrumentated by using

high resolution Eschelle spectrometer. By connecting the spectrometer to high per-
formance liquid chromatography, 2 method for speciation and determination of
various elements in complex matrix was established. It was applied to arsenic moni-
toring in marne life.

EAE

HEAGBEDAYE X CBINT 545, BEMICE c ROBEOESOPDIIL 0, fFiCH
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LTir-7.
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1. BENZAEBIEE GRS 305 REUR Hik 2 o e/ NI 165 25
Chemistry and Physics Division, The National Institute for Environmental Studies; Yatabe-machi,
Tsukuba, Ibaraki 305, Japan
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2y 10 b 7574 —EAGHESTERTE, HAEOERDAERETE 5,
HABFEDORFEOAHERD TN, ZTOARESURSHHUERT, HOZOXREFTTHVK

ROESE AL TORVIEETS, FORRFEURAOLERE - BAST L EHT

£D,

3} BEYPOERAOTEATHIARELEL B,

gow b7 LD TRRSB L -2 PBONBERE, FOr-sRETHD

TRERBCERMI4 0T, TORPOEESRBTEAL LIS,

AR T AR GEEO S IBRMEL LT, HTRAE(AES), BETHEE(AAS),
BEFRER: (AFS ) S0EL Shad, FilonERREO S 2RHEDOKFE, 2Lic1) &3) 24
PEiCi, BRRAERICRITESC EBLETHD, O TRTRHI MO TE HEL
THMTH D, T T, AFETE, HPLCLREFREHELAA v 7 4 Y THRE LKL v A7 o585
BAR T AT EiC Lz,

1.2 BERINIMEREL ¥ 27 60K
BEikks 0= b 757« —ORMB L LTRFRAERERCBE, RO LD SHENERSH
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1) HEFRENSC, (LENTFEEDHEC, ERESIVT &,
AEZHPLCOFHIEZOLDTH 578, WBIBFLLoBMbEnL<rY w2221

Rigp. Licd-T, REFEGLEETI2TETRS, AR E LTHO A EHldDiIcS

FNATES SOBELZHEHCKRH v X F L4 THRAEE ST,

Ff, BERIEMMEALOOT, KRBERSENR L TR OFEREBITEE L WBEL

L, RERERLE -TLVWERBEOB NI VAT LTHILENE DS,

2) BRETHBETL,

HFEAHPOELEEMBTROBER, 2P BELSOE TopmZ L LEAUTO L i

THBILENEC, SLICHPLCIREDERFICHPNID, FRENAL DT EEBEBOES

BEARETEELLEERENDS,

3) BfEERMZET, MIEEIESHLLWT L,

M3+ 3HPLCO A5t DOFEIC & - TE, 1AM BRREO ST BLEL K510, £

OEOBEELHBRE S TRV,

FEF AR HEAOCORTERLRE, 7-7, 29275017 L —4En@, HPLC®
BIERELTH, BEREEERET S 70— tRMOETE3, L L, 70— aBTFRNE
T, ToA ) eBE—POTHEER EBES AT T 0. F i, 7L—AEREE300kE
B O T LSO AR S & ie X A bENTESHBEL Lo 2F <, EREMECLH DT,

~%, BERELLT S X<k 30, ChooMEE» )RR LA ) BB oL T,
Z{DOTHETO.0lppm b, BEOBVILETIH ppb AT TRIENEE L »e T/, 773X
< DOEBESNHFE 10000k iZET 5708, WM LAY OERFICE AT (it

B, 77 X<BEHE L THRHL2OBOLOMELY, KTAEHWAIBRICXY, ERE,
KBS B, KMBOBEGRE S, FEEY LBRERI 1N S, BRBRIFERYEO LT
3, BREROLRSGER, EEMESKIE, iR THELT LD, ToMBicEThbaH
OWMBHTHIEE RIS, 61T, BEMEDPO MO XOHER, BBOFHGORNES
bbby, BEBREL, MEBHBRE L LE LTRSS,

EBEIRERID 75 A=icid, 7 PARERWCERES 75 X< (Inductively Coupled Plasma,
ICP)é=4 7 ofiEHE Licw 4 7 ok 77 X< (Microwave Induced Plasma, MIP ) #%
HBo MIPRI orvET#EICH LT AEHSEEREINE LY, ICPRENRTAY » +DH
BEbHEY, BETTOLLS, KEROBAVRBELS, BAWNIOLDLFENTFEHMICP
CHNTREVAFEHPLCORINRE L TRAFEALSHZ0OT, ML L TR ICPEREE L1
(%188 ),

JRTFRABEGEF R NT TR E e i, FFREHETEPIEE-FORIER

B 5O NERO L HHHllS A0 LT, BTPRAETIREAL D BEREDS O RIERED 4T
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% 1 HPLCOBRHE L LTOICP LD Lo
Table 1  Characteristics of ICP-AES as a detector for HPLC

Advantages
1. Easiness to interface and on-ine with HPLC
Flow rate of HPLC 0.5 2 mL{min
Uptake rate of ICP 1 2 mL/min

2. High sensitivity for C and/or P, as well as metal
Effective character for analyses of organic samples
3.  Wide dynamic-range
Same operational conditions from low to high concentration
4. Low chemical interference
Good quantitativeness
5. Capability of simultaneous multi-element detection
6. Electrodeless discharge
Freedom from contamination by electrodes
7. No need for fuel gas
8. Capability of elution with organic solvents system

Disadvantages
1. High spectral interferences
2. Poor sensitivity for halogen
3. Low sensitivity for some trace metals in organism
4. Difficulty in treating with high solid solutions
Narrow option of eluting solutions

37, MOMERE~OLER ENEN, LAM-T, —mROETHEABROEISEAEDH
LOEFVDLOTHD, T/, ICPEMIERE L&, PEBEFEIIG TR, 14 78
LEBCRNTIAK LD B, Chd, —TRYVORIBOMEHMS L LT Sicib, Bafk
THOERICHABREET HHEMIE U L1 5, T T, KRR TEIAETEERD X
CHENT, BAMEOAY 204 -5~ L LT, 2y VEIRBTFEOMEEERMLL T
%/- HPLCOBMR L L THO SH-BFilk e, AR LARahicgih T 25890
RFBCLEIRN, /2o aPTAogs®ld »EBFOFBREICLELRNE, 30BN
Y LADFECA A YROFRICLZENFICL AT TRET A LBIC, Yu s 3 2 FIBG)
MiEELiro HPLC & ¥ 5 4 v THELTHOL A2, BGRIERY 749 1 LCITA S
LOTHTHESI V. $RRETENROBRTHIBRERANSAFSEETHLE I AEE
bHWEETEELENS D, ICP-BFRAETIERAL ShTRE BGRHER I3, Tl
(Interference Factor) i, #EER( Wavelength Scanning) & 303 2 ) w2 2 2w F ¥ &
(Matrix Matching) &S5 2 UL, BI2EOFHETY T A5 1 ,OBEZT 501 BED
v FLTIHETSD, BIFHOFEREBMIC )T VYA LTITODIIARTRETH %
XFFETIE, VT4 LOBOHIERE LT, HEEHF (Wavelength Modulation, WM) 70
AV, WMEBEORBEER 1ILRT . b 2HARO C — 7 (IE 2O Rl R B RE f °F
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SREF Bt h
Intensity Detector Output

AC(C2f)+DC
—————— j_ ”_ﬂ_ [i_{ 575538
N AVAVA Time

1
/:/_A_ﬁ(_: (1)+DC B

{c)

(b} (8 SENI WA Time
i
{a) g ——==- pe > ﬁﬁﬁ
——4.——5—> ME Time
i i Wavelength
I |
|
(| HREH
|
1

f Wavelength Modulation

® 1 EREREOHE

Fig. 1 Conception of wavelength modulation

fbagt &, ERUEBOHAGLD L HicE LT 2 KEAT 5, TAROFATE, EHERE
HERH T BGHEMD L4, COBSHHRETHD, BTHEESEIERNE o, D)
OFTIE, BCRIAOERNLEMNS D, ORI EBRMRS K EEE { ORZRE P ER X
e Liiad, LA —70HA0TH, HARERMS CRER2IORBHBANEEINT
W3, Lidi-T, bL2IEAOAZBIRMICHRIET A4, (20D k 9 LEEES 2 3 EENIC
FALTOEBOCRAPEEL COHAUEEN S, —A, DEH -7 OEEST ZHSICE,
A FLRB S, C-soEsERETENE, - 7BEICHA LIRBRoh L Lic
M3, Chicky, FET5TEOMROMFAFICHS, 77 X~ HEPEALOTRICL 58
FRE, AFCLBEOECEN, HHOBRMOFRECEI RLFTORBLRELT, THRONRE
FEBRTERT LB,

WERER LM B FHEL L TIE, BHAEN S RO BITRE DR S84 2 HE2RA 72, |
Frinoerigid, £ oSS ETIBICS BOHMEMTA L i, AORY v MlERE L1
ho, BAREET v v = VERTIETFREOER, BREREKICL SNy 2 75 7 v FREIESE
OYAILE D, TEBREOSO ICP-REFRN L VA 7 20HRERS I,

15 % B
131 % B
AR THA Lick@EER 2IC, ¥ 27 LOBERER 2 I0RT,
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1.3.1.1 HPLC

EBAY 0w+ 75 7 (HPLC), Waters D x5 o %Mt BRALA 7 2, 414
MRS SRO Nagel Nuceosil 10SA (5%E#fE), Nagel Nucleosil 105 B (iatg &), WtAHo,
Waters' ¢~ Bondapack C—18, #' ViABRORAEEZ TSK gel 3000SWHTH 3,

1.3.1.2 ICP

HMEEA Y 7 X< (ICP i, Plasma ~ Therm &0 v 27 2% {FH LU/, HPLCOBRBERICE
BRERCAIREEEL, SkWOBH I REBIREMA 2. £/, WADTENDLDITE—FYT
—avbhu-=phazybh, Fa—zVIREA—bT e F T2y R, RERAR(FT
GAH -, Fruri-) TIXT—FEHEEDLDOTHS,

% 2 % @&
Table 2  Instruments
HPLC Waters' system
Pump 6000A
Injector UsK
Detector 440 uv monitor
Column
strong cation Nucleogil 10SA
strong anion Nucleogil 10SB
reversed phase u-Bondapack C-18
gel permiation TSK gel 30008W
ICP Plasma-Therm. system
RF Generator HFP-5000D with APCS-3
ICP & Matching Box ICP-5000 with AMNPS-1
Nebulizer Pneumatic Glass Concentric Type
Lens f=50 mm, D= 12.5 mm Silica Glass
Spectrometer Spectrametric Inc., Spectraspan M
Photomultiplier Tubes Hamamatsu TV, R292 & R268
Refractor Plate Suprasil-1,5.5 x 7.5 x 2.0 mm
Galvanometer & Driver Amp, General Scanning Inc.,

Optical Scanner G-112 & AX-200
Multi-pen Recorder Rika Denki, R-1XM
X-Y Recorder
Cathode-Ray Tube

Pre-amp., Low-Pass Fi_lter, Lock-in Amp., and Oscillator made in our
laboratory
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RF
Generator

Matching
Box

_*JPre-Amp. Driver Ref. Plate
K] Amp.
+/ S EIS £ HPLC
JiE
1 0sC.
kX
2f
Sig. | Ref.
Low-Pass Lock-in
Filter Amp,
cut. lMon.
Multi-pen X-Y
Recorder CRT, Recorder

2 HPLC/ICP-AES—-WM vz 7 4 2K
Fig. 2 Schematic diagram of HPLC/ICP-AES-WM

1.3.1.3 HPLC-ICPA v#—-7z4%
HPLC & ICPO#EAI, HPLCh LOFMtKEF 70 Y F a—TRE D ICPDRT I/ 4 — ~
BIEEHT AT LICL DT ok HPLCEBKILLWIRET, 2734 ¥ IDR L SN 5H
RBid, BHEART15~2m/minTH 545, HPLC O BHR0.5~1ml/minTHBIFIRIRITE &

tgbh’ﬁf:o
1.2.1.4 4pkes
' BHRBICHE, T o ¥z VAHTETFEO Spectra Metrics B DC7 3 X2 BX 054788, Spect -

ra Span IBOMEBBIEH Vo T v v = MEF G, BEEOEFH TS 1RE O LEKE
TOEFHEEBOTHET ZORM LT, 1000 100KEE OSRO BT % B THET 3H
WHETTH2. LM -T, COBRFREDZTUIZITE, ELOKRMOA~I P AREE-TL
5, 20T, OMEER (7)) X255 0RERETES) 2O TSREEME LT, FUY
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DI AR~7 bLABE,

AFETHO - SMIBOSESER, BB Y= —- vy—+-RITEEIFE TSR B iCh RE8
30°7) R LEFNT VS, BT 198/ mm 0% EREEHE LD T, £0 28~118KOMFHR
% FHOT800~190nmD B EHFZAERETH S, 7 ) XL EE0HIE, T TiIcL 59
HEBREHAICITDR, LEd-T, Bohda<s b3, BEORRBTFTELOIMECE
KoObLOEPOEHVEMRICY - T, ERMEELAHRMCIBRE~FEiciE s, 2E 9,
A PN 2RTCERINEEELE ST, SERORIRERIFIECE2EDX

HOBOEELHED, B8~3cmBETHALDT, WRSEZECLENSmEE B, Thig,

BEOANETEL B L AL NI EE R -1 bOICHIET 3. I KAIHBRO METT, BE
D AT I m, [EHHEF 20008 /MmO RED A AA /mmiBETHIL L 2ELB L, 1Ty
v« VIR TR B0 A EHE T EHNh B, BER, EARED 2 EEESET L LK
L 0BIREND, £, SMIORKRG, Hu@mbi2ionicBOR ) v &R, BLWEET
BEEETOFAIERLY, RRAFr 20 (20HE) 2RIFBKEN T 20857TE 5,

1.3.1.5 ICP—-49kBA 9y —7 242

ICPE B DNHM S v & — 7 =4 2id, B l/.‘/z’f‘ﬁof;; Iy x ETRR FE AT
THREBO L ST, 227 P APHTLICBIEN S0, XU o FOESICHRYS S 5, KL
T, B505mmETULAFENN L, —F, ICPARERE L T TERBSORNSHEMNTAITE
&, 75X eDBHEFAITI~SmmBEL BT 2005 E&ML Ve L - T, SRBOAOR
)y MiZE, 77 XORI/I0BEERIELOBLOT T 5. SEIE, AEBIL 22 (F=50
mm, D=12.5mm)ERT, ICPOI/9BEGABOADORY) v b LIKEB L. 75 X <8l
EEE, Ay MUY AD  ppmBHEE Y, A4 YRR(371.0nm) OBEEEFKICLE 0 750
YFEEOHARRE N AMEERBAER, 7+ 7342 E0ED14~18mm EAHEN 7,

1.3.1.6 #HEEESLFEELSHEER

SMIOMERITIY, HEMNLUEEEEBRENELS O, AORY)y FEE(Scm HCSRAHE ST
28 ( Suprasil —1 ) DREFHE (5.5 % 7.5'"% 2.0°mm, ¥BEBEL5.5" x5.5"% 2.0°mm) @&, ¢
N&E H sy 4 -5 —ROOEERENES (General Scanning &L, A 7FALAF #F—G-1125LTUF
54 5—T w7 AX —300) TH/NARES BT, ROEREASEE TSI LI L 2, O
EFRADEREDS 222 L LD EEERAET 7. BEADRABE LY, HHEREEHO R
A EE L 20~ 950Hz TH o

1.3.1.7 AREFRBIUT— s 0BT
RO REFREEORAERI, FETAHDEAT 4 7 ABROPT ¥ 7% (E 17T v
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£ 3 Ty VOHTETFRISHE(SMI Spectraspan T ) D4 #
Table 3 Dispersion of Echelle Grating Spectrometer {SMI, Spectraspan )

Order Center of Order Dispersion Order Center of Order Dispersion
A Afmm A Af/mm
112 2001.01 0.5861 69 3264.35 09515
111 2029.21 0.5914 68 3312.33 0.9653
110 2047.60 0.5967 67 3361.72 0.9794
109 2066.40 0.6024 66 3412.71 0.9950
108 2085.42 0.6079 65 3465.19 1.0101
107 210499 0.6135 64 3519.14 1.0256
106 2124 .88 0.6192 63 " 357478 1.0417
105 2145.07 0.6254 62 3632.84 1.0593
104 2165.86 0.6313 61 3692.42 1.0764
103 2186.76 0.6373 60 3754.01 1.0941
102 2208.26 0.6435 59 3817.59 1.1123
10t 2230.05 0.6502 58 3883.37 1.1325
100 2252.34 0.6566 57 3951.55 1.1521
99 2275.14 0.6631 56 4022.13 1.1723
98 2208.33 0.6698 55 4095.21 1.1933
97 2322.02 0.6766 54 4171.09 1.2151
96 234622 0.6840 53 424976 1.2329
95 237091 0.6911 52 4331.54 1.2626
94 2396.10 0.6983 51 4416.41 1.2870
93 242189 0.7057 50 4504.79 1.3141
92 2448.29 0.7138 49 4596.66 1.3405
91 2475.18 0.7215 48 4692.33 1.3680
90 2502.67 0.7294 47 4791.70 1.3966
89 2530.76 0.7375 46 4896.47 1.4265
88 255955 0.7463 45 5005.24 1.4599
87 2588.95 0.7547 44 5119.01 1.4925
86 2619.04 0.7634 43 5238.07 1.5267
85 2649.83 0.7722 42 5362.84 1.5625
84 2681.42 0.7813 41 5493.60 1.6000
83 271371 0.7911 40 563096 1.6420
82 2746.80 0.8006 39 5775.32 1.6835
8l 2780.69 0.8104 38 592723 1.7271
80 2815.48 0.8203 37 6087.53 1.7734
79 2851.07 0.8313 36 6256.58 1.8248
8 2887.66 0.8418 35 643532 1.8762
77 2925.15 0.8525 34 6624.67 1.9305
76 2963.65 0.8636 33 6825.41 1.9881
75 3003.52 0.8757 32 7038.65 2.0534
74 304381 0.8873 31 7264.98 2.1186
73 3085.50 0.8993 30 7507.91 2.1882
72 3128.29 09116 29 7766.84 2.2624
71 317238 09242 28 8044.16 23419
70 3217.66 09381

From Fig. 32 of Spectraspan Il Manual (with some corrections) Spectraspanll HUERERAAE (32 2 —IPEELE
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TEART, XYY Tt 30l o i1 v7 7P AHEND, VT 7, Dud 4y
Tr7REMELL, 77 Y TRREEEBOER -BEEERDET, AEFHEEE,LIIEENE
PRV Y-V FEONHBEEOEBREZMEI L Cvd, 74— F Yy 2B IOMOOIER &, 10
pFOavFory~THRL, WERB0ImsTHD, 0w A YT HTH, /KRR 408 =
SR BUIRMREE 3% & DEED DT H 3,

WRERE, An7 22— 5 —K5INY HEHD € =5 ~BROMKOBE A XEhiT, YR
EHIBD o270y —ENLTTNTYTORNEAAL, FF45—7 TRt 7€5 +
BELZRAICELSEHT EIREDIT »1

WRERG, RESOBERFOFA YERAE FS5 4 45=T7 Y TOANRFRAR, 41 VIC
L ORI LS, 24 7€ MICk DEEDLADOFEEIT 7. BRSO NBTHE
BOHNE TV T 7ENLT, 09w 2 A VT TRAN LI, 092407 v TORREESICH,
RERZDOFERL OTABE MG, FY T Y THAL S 7 A YT T HAE, BER IS
Do—NR7 g F —%f LTERVEIERITRASL, Rz 2 2012 =5 —-TE5L3 L
o BHOBETE, 0 /A YT Y7l 1 F 22 v A0 LOSHELTOE wo T, BEFEER
DT, YYINWF P FATOLE L,

1.3.2 B .

Kk, BEKE D) XTOKE (FEHE + 2 BHEx 2 ) 2 BLA D%, +v PR
HWOK TEEFARCL OB LA boE A0, i3, P EL-SS 2 &80 BRE iR
AEHTHELLbOZAV, U v OBERI, Bl VB2KET vesv L %, REOEER
&, Foa -2k 0.1 T EBRICERE L THREL 2, MoTAOEERT, B R HEEE
(BRI b)) = BHEHFRL TRE L,

14 BRIER

141 ICP—zuw vz BREBFESXABRLRFLAOREMHEE

Ty v = MEFHEFRINKBE RS 7 04— — & LTHER L TICPAERILIBSORAN
BEABHT 5, 73 X700 Vo0 v FEEOBREGHBLIUEELEDEREOS VR
HBUCONTEOMEARE L, —BIVSHEZHIRADOLBDTH S,

1.41.1 Sy z 050y gl

B3y vy 50y FEEOEREFELRRS, BROEHRE, AL LT, 2~ b r0g
P OPRIGEA RS L &L, PREELBOH LB TR, TORBON WEHETH—R
MATHEES B s, EAMLUERDL S, LETHEEOREN L OLERO M L ESE
BIEOT, 77 X<DRAEE, PETRETOREORRKAEIC DO TOMERTT > TLEL,
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v

Fig. 3

#£ 4 ICP-—x v ¥ hBERoMESRY
Table 4 Operational conditions of ICP-Echelle Spectrometer

System
ICP
RF Power Inc., 1.1 kW; Ref,, SW
Coolant Ar Gas 18 L/min
Auxiliary At Gas 0 L{min
Nebulizer Ar Gas 0.47 L/min at 30 psi

Sample Uptake Rate
Observation Zone

Echelle Spectrometer
Entrance 5lit
Exit Slit

1.5 mL/min (pure water)
14— 18 mm above Working Coil

Width 50 um, Height 500 um
Width S0um, Height 500 um

Photomultiplier Tube High Voltage 900V

Low-Pass Filter Time Congtant 1s, 20 dBfdecade

< T ’ T T Te .0 I T

i ir A LA LR . _j
'E r ".-'" ......'... -
E ."" ..-..‘ A -
S e -

1 o —

E | - l
.

¥ r ] -
~ 0 I~ f" —
< i

P L« 4
% K

[
- '
— 1 -

a, _ - - -
@ El 1 1 L | L 1 1 1‘
= 200 300 400 500

#HE/mm Wavelength/nm

Y YL EAL o AL

A -HOAY w b, E50pm, E500sm ; AR, 24 4 HEd 514 —18 mm

b7 BT AT, R202GHE, WROV)

O0@, RF17 1L1kW; kkk, RFIIA L5kW,; —— =, B
Wavelength dependence of background intensity

Entrance & Exit Slit, 50 um (width) x 500 um (height);

Observation Height, 14 — 18 mm above Coil Top; PMT, R292 at 300 V

e s o RF Power 1.1 kW;

* » =, RF Power 1.5kW; - — —, Dark Current
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B bbb dkoic, 250nm UTOMBERT, RERIGIERHE 65 & o asicidl L
200nm IR THABFHEEORBRLABE KL -TLE I, Z0ld, 77 X<iciibd 28H
ERECLTCHHEBREDY R (KIBHB) . CORRZOFREAR, v VEHEFRISHK
SBVRESHMICT ) XLEH TSR, REOHSEMLU(ICT ) X% o-—BoLdicH
FHBET 5O THNIBARMML T 3), KEHARMER > T 3D TRAEVALEL OGNS, C
DR, BHERETE, BEHOKE VS 0IBRECE VAT THEELEMA4 L, BEKG
KD/ AXCLOBRHBABRELTLE ST DB B, Thid, BEDInFEDE/ Jui—%
=Ny VYN FRIT A LS ) — -2l BEBE I, RUBREBET S/ 1 X0 ERE
ELTTIXTHED Y s o b/ AXOLTY 91—/ A ZEFBLRELVCOIRNLT, Fv=z
T LDGE, KETHEETORBHELRED v 2 v b/ A X2 HEFIANLGNEH ST &8
BB EETRLTHEMY

1.4.1.2 7 Fnsty 2 50y FRER SR PR
WL T F WREREL Ny 7 75 v FlBEOLILIC2WTR 5 IWRT, FKicls, BRELSHI-E
SEBOTESO _EBYIIRDVT R LT, 2, XBELBEOIDITR LI,

£ 5 mEOFLHMELRIHER

Table 5 Line intensities and detection limits of some elements

Element Wavelength {G—B)/B {G-BJ/{B—D} DL
nm This Work Winge et al * pprb
As 193.7 22.4 (10.0) 56.0 {100} 44.0 (10.0) 28
Se 196.0 17.8 (10.0) 40.0 (100) 33.0 (10.0) 23
P 213.6 20.9 (10.0) 39.0 (100) 26.7 (10.0) 40
Mg 279.6 48.5 ( 0.1) 1950( 1) 50.7( 0.1) 0.2
Al 309.3 45(1.3) 13.0 ( 10) 46( 1.3) 4.2
Be 313.0 244 ( 0.1 1100 1) 246 ( 0.1) 04
Y 371.0 290( 1.0 86.0( 10) 29.1( 1.0 1.2
Ca 3934 IS8 (0 89.0( 0.5) 359C0D 0.8
Sr 407.8 20.3( 0.1} 72.0( 01) 204( 0.1) 0.2
Ba 4554 6.7 ( 0.1} 2300( 10) 6.7( 0.1) 0.2
B © ORCELRRE OB E(ppm) Values in parentheses are concentrations of examined solution in ppm.
G:ia % G: Gross intensity
B: Xy 7050 Y FEEE(K) B: Background intensity (pure water)}
D REyinan D: Dark current intensity
DL & Hi BB DL : Detection limit

*. R.K.Winge, V. ]. Peterson, and V. A. Fassel
Inductively Coupled Plasma-Atomic Emission Spectroscopy:
Prominent Lines
Applied Spectroscopy, 33 (3), 206 (1979)
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BEECERAESSHY, BELRVE (AR, £, vy, Y volkd>GgHie>0TiE,
SERZE A0 ppm e BEAZ VO, (G-B)/BOEE(G—B)/(B-D)DEMAE{RN LD
2, Ak LS RETHEEROFEFAE CLIEELGEL T 5,

MXHEAE DK TIE, (G—B)/(B-D)TH~NEEOTREI~BHERERX (LT3,
HERAOHBE DAREVERIBELNLE, T, @RDE/ 704 -5 —TRERICK DI
BRVEALAVOIRHLT, Ty v VEETFRE, 7 02~ 5 - T, HEREICELEDH
BRELI T, DREEMNS LA T LT 5, 70, 300nm T T @ HME &L 0 2~25 5
BELhAKZ WD, CHIZOH Y FOHEOMBILEEED EEL G D,

ZEFER KA 1080 9B RIE LB O @ EEO METESR LRIRADEOE TR4UTR L.

.41.3 & @&

DI FOERATEINL L, KA T AET v v 2 VEIFBTFHSLEOERICLD, hWhWwh S/
BUHMHERD Y2 F L EDKRKELND, LDERE - SRREORHRICE > TV B LEHBRTE 3,
UL, ERERTEILEOR SO, RETHEEORER, BECLIEEEZTOT
{, BUHEOXBETHEEEEERTIZILOIRAEZALTNS,

142 MEEEMEE

1421 B B

SRTHEN 5 RBBHFRE A7 4 — 5 -2 & DWOWEEBOHIEENEE R Uiz, BITR
DUWPERIC LB 27 P AOBHOREERE) ICFT, MOLEEEL SNAAORY 5 b 8
5 SHH L7 i, BIARIC & 0 B SURBAELS 5. MO X 5ics, ¢, TEERTEE, R
OB THED N5 P HEICH I LA, RN TEABHE4 o0, ROOHEBTHEDS
NBEBEEITT 50 RN 10 1K), 1911, [9-0 <] O, RED L5 CENSH 5, &
SRFLTE, 101SIF, |9 ST THEOT | 9—6 |</2THY, n=152F5& | BLUMAD
BT LVEBIAE - T 3, RBIR 02AETEE, A(T{1-1), re{1-1 ) r@sEm
BEREH, R, SimbHlLkeEREZET, & (T{1-1}, ro{i-1)pomitis
NAKO kS T H T LERL T,

COADRY & F OROBENE, SHBRICH LTIBONREGA D, LBHEOBEIZ, %
BOBAETELEE B, SF 0, HOR Yy b ECEEIREL LI DETHD, SREOET +
bhod. L L, KYAFATH, SHHEROHE A T50mmic LT, Sa7mo Bepik,
T{1-1} e r=2mm, 7~ 15£LTHO. TmmTHY 0.IBUTOBBLOTEEL L,

—Fi, Kb & BEAFIOBHEETET~D ARA a DELE 1 > TRA B, CORTERL b)
KR o ABHE @ OEALS daid, HMICEE A BE 41 =T-0-{1—% | EHAERE S £EL
T, RUIDBIFD S Bo Lichi=T, BIFROEEHOELI0 S HORY v Sz KAHT B

—211-




=1~ ,CosCe—8)
[ ] I 1 nz_smzw,_g) }

181<<1, e |1, te-0 1<

121

y*T-ﬁ-{ l—% } = tango-[x—'r. { 1—;1; }] raneens3)

(b)
B 4 BRIk IBEREEDFEE

(a)

(b}

frda=Ap =T+ { 1 w% b o)

41 1 41

98 =T ( 1—= fA—-—m ................................. (5!

me A =dol 5in®+sin B e -6
43 decosa (7

Frda ey ’

43 _ 1 dscosa

=T (1—:)~::F— ----- i8)
D= 44 A (9}

F3E Tmes

4 1, cosa

e DT (-2 Y 1

46 ( n) cos B o

ERICE 2 AL R Y o« MEOHE)

P, B (Es, T ;. BHB, »)
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Fig. 4 Wavelenth Scanning by a Refractor Plate

(a) Displacement of Entrance Slit Image
P, Refractor Plate (Thickness, 7;  Refractive Index, n);
S,.Entrance Slit; @, Rotation Angle of Plate; , Angle between Ray and
Optical Axis

(b) Wavelength Change Due to Displacement of Entrance Slit Image
G, Grating (Constant, d); M, , Collimating Mirror; M, , Camera Mirror;
S,, Entrance Slit;  S,, Exit Slit; P, Refractor Plate;  f, Focal Length of
Mirrors; e, Incident Angle; aa, Change of @ by Rotation of P; g, Reflec-
tion Angle; o/ Displacement of S, Image; m, Order of Spectra; D, Recip-

rocal Linear Dispersion
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{b) Galvanometer Current /A

5 BiTRICk 3 ERERDES

Fig. 5 Examp

les of Wavelength Scanning by Refractor Plate

fa) ~Uy ywa(lppm, 217.5nm, 104#%k) (a) Beryllium (1 ppm, 217.5 nm, order 104)

A1y b, 8B50pm,

(6} A <4 (10ppm, 386,

2y b, §@E25¢m, 520

& 500 ¢#m Slits, 50 wm (width) x 500 um (height)

3nm, 58#R) (b} Neodymium (10 ppm, 386.3 nm, order 58)
0pm Slits, 25 um (width) x 200 um (height)
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fa

PMTE#. nA PMT Current./nA

-1 ] 1
st A —8 =B A
(a} Galvanometer Current /A
C Al As 10
36% 1000 ppm T bem

—

DC R4
DC Component

2f R4
2f Component

bl B Time

6 HFuoER 1 —As (193 7om)—

Fig. 6

{a} BEEBRKIE o740
(b) HEREFALCL HHER
b, BHES R, 2F65 ; As,10ppm : Al,Ca,Mg,Fe,Si, 1000ppm ;
C,36%
Examples of Spectral Interferences 1 —As(193.7 nm)—
(a) Profiles by Wavelength Scanning
(b) Traces of Waveiengih Modulation Mode
Upper, DC Component;  Lower, 2f Component
As, 10 ppm; Al Ca, Mg, Fe, Si, 1000 ppm;  C, 3.6%
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B 7

Fig. 7

PMT®ER .,/ nA PMT Current/nA

> 196.0nm

-1 0 1
(a} Hness 4= —Bik/A
Galvanometer Current A

A1 1000 ppm Se 10 ppm

DC AR
DC Compornent

2f e
2f Component

e, Ayt

el Time
(b)

ST O ER 2 — Se{196.0nm; —
HEEHICLE 707 2 AV

HELTHE T L AR
L. BE#ERS ;T 20
Se, 10ppm ; Al, Ca, Mg Fe, 1000ppm ; C,3.6%

Examples of Spectral Interferences 2 —Se(196.0 nm) —
{a) Profiles by Wavelength Scanning
{b) Traces of Wavelength Modulation Mode

Upper, DC Component;  Lower, 2f Component
Se, 10 ppm; Al, Ca, Mg, Fe, 1000 ppm; C, 3.6%
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PMTE#, nA PMT Current/nA

-1 0 1
Hy 2= —BE.A
Galvanometer Current /A

(a)

Al 10006 ppm P 10 ppm

DC sy
DC Component

2.f 55y
2f Component

B Time
(b)

B ETHoER 3 — P(213.6nm) —
a) BMEEHECLEZ 77240
b} BEERECLZRER
Lk, E#ES T, 25 45 P, 10ppm; Al, Ca, Mg, 1000 ppm
Fig. 8 Examples of Spectral Interferences 3 —P(213.6 nm)—
{a) Profiles by Wavelength Scanning
(b} Trace of Wavelength Modulation Mode
Upper, DC Component; Lower, 2f Compoent
P,10 ppm; Al Ca, Mg, 1000 ppm

—219—




E
C g
o
=
10+ N
e
=
> —
g
e 8-
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&
=
& 4
< L
>
B 21 P10 ppm
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&
E —_
o
oc.o A 1 c 1
-1 0 1
Hwrs ) 2 — & —Wife/ A
Galvanometer Current /A
Cu 1000 ppm P 10 ppm

Dc ﬁ%ﬁ
DC Componeiit

2F w5y
2f Component

B:R] Time

9 SEFEOEF 4 — P(2138mm) T ECuDBHE —
(a] WEEHRLCZIZ o740
(b) BREFHKIC L HFH
Lt B#RES; F, 2584 P, 10ppm ; Cu, 1000ppm
Fig. 9 Examples of Spectral Interferences 4 —Cu on P(213.6 nm) —
(a) Profiles by Wavelength Scanning
{(b) Trace of Wavelength Modulation Mode
Upper, DC Component; Lower, 2f Component
P, 10 ppm; Cu 1000 ppm
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10 eHt&HOr7ovb 77 A
Fig. 10 Chromatogram of arsenic standards

ZLDC, /A ZXHBELIDICLT —F—DRNCE0kOQ+20pF D /4 X7 4y —%{Fidl. Thic
L OBEEH I sec TH DD, HPLCOZBERELE S T &350,
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SXTHRO, HrFNHFR0E/min TY I XKL, 1TomDBER ST, 1937 nmDAsH
HEREBETLEDTH 70,

23 EFRELEPOIRLIER

Ao eElbay, vk WMo, A FLel, JAFACER, Tatl <4 v THHE
EERERA.

BI104C Bk 5 350ng ( Tppm AR A SO DFALBRO 702 75 28R L TS, B
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ICP BB VRERTH S, ERME 1g BT O As OFECILET 2RA4% 5 2 2ol
FOREHE gBEFTHAPICL »TEETES, COLI4EE LT, Ca,Cd,Co, He, 2, B,
P, Se, K icoWTid 10°LE, Co, Mn, Fe, Si, SnicouTi10°%~10' O, Pb, Mo, Ni ito0 T
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2R ) ( Aeode lanceolata )
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AslIT) As(¥)

11 V5D 70= 774
Fig. 11 Chromatogram of Hiziki extract

As{l)
AslY)

X 12 7ARIDIoT LIS A
Fig. 12 Chromatogram of Akamoku extract

Asl?) DMA MM ?u'n“

I

13 9igF7dhsasbhys L
Fig. 13 Chromatogram of Umiuchiwa extract
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B 14 732020554
Fig. 14 Chromatogram of Arame extract

As(IT)
3(¥V)

B ~3¥nzZ@ /o= 554
Fig. 15 Chromatogram of Herayahazu extract
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The Application of Laser Raman Spectroscopy to the
Study of Bipyridylium Adsorbed on Clay Minerals

HoE K 1B %

Yuko SOMA! and Mitsuyuki SOMA'

Abstract

Laser Raman spectroscopy was applied 1o the study of adsorbed species, bi-
pyridylium compounds, on clay minerals, Paraquat and 4,4-bipyridylium ion are
adsorbed through exchange with interlayer cation in montmorillonite, and the
adsorbed species maintain similar conformations to those in aquous solution as indi-
cated by the small frequency shifts of vibrational bands. On the other hand, neutral
4 4'-bipyridyl is adsorbed through hydrogen bonding or coordination to interlayer
metal ion, and shows significant distortion in adsorbed form.

Using resonance Raman spectra, the detection sensitivity was increased about
10? times. The resonance Raman effect in Fe(bpy)32+ complex ion formed by the
coordination of 2,2"-bipyridyl to iron allowed to the detection of iron impurity less
than 1% in montmeoerillonite.

. ST/ EORBIFNADIEH
BN R 27 P VRETFRIOAF#S S BROEENCRIRT 250 TH 505, RES LS
MOEEEE LTROEBHITRTH A L MR VA 5, RESEELS LTHRASER, o
HhOEHODTORN — 77 YRESHRCRICRNLTO S Lo, RERICHEBNEEHEE
A 24 ThHb. COMFRIE, BIe—2DLEMOREI R =7 b VI D2 TEL, &
OEALPTONE BWRCORATWALEEZ LT ENTE L, Lihi-T, EREIISALSH
T B RERE DB VEIFAECE S LTV RRE, L — ¥ —EHE LA BETERN
157 AN AEHORE LRI D, RSO ERER E T o ohsmAE R
CIENBT R -t L AL —¥— 35 = HRENERL LTH S 0REEL58TH,
BT 30Es LTO@ERFAESLZ Y BETR 0O, V—¥—J = VIipiiEst

1 EvAFHEM NS T 305 AR AR M EH N EF116 2
Chemistry and Physics Division, The National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan
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BRI DI EANBUMTH S C & bbd, 5 spEnE B TS0 LR
FRCPESNTEABED EVS Fbdsd. FHETHEIOLINARESF 4, BROICE
BT ~DIGAE B AL IBAD 5 < v SFHEOHEE I L -, BRETOME, BSIoREs XU
AL 4 B0 L= F— 5 7 VSO SHICR 4 3 BRI RN RO P AT B,

1.1 {LEHORE

a., TTCIREBRILLIE, VAT bV ERA RS P AOBL B THEICHTAMER
WH)ITH S,

b. FAFEETHEE, FA(4000~200cm™), #FRHA(400~50cm™) itz —BOHHNE
HTHETEORRBETH D, —H b —¥F— 357 HhET L ERYBEORE i e b
DRRFHHETHLH, TOAEBHFHICTTCHREST, REHZ <7 L LONEICHE 25
BRE T RIEdialfETh b,

c. 400~50cni! DL, €B 1 A ¥ LRI TOMO BRELHFREORHORN 3 HIRT,
CNODREMFI S v v 22 PVICELENEZZ LY, BETOEREA 4 v ORI RED
AFROKESHMAAWOEER 5 v v RESBEETH S EEL SN 5,

d. Lb—F—HFRBEENSREATHIOTERCERONS 7 v Y ROFBBEEY, X277+
NORIBICEBERHR LA,

1.2 & H

T HEI DY S SETBRED BB T H-T, TOERLERNOFEOWETEGICH~NT
AEMNCH/NEV, THWEFBEEOBE THIRESIBTERICHA M CRE /NS 0D
5, RE)AHEIRNBEOS O HEE RV,

a. BEH 77 VECEBNNTR, BV 77 Y RESA 5 4 FAEORAREIICE » TKBESD
0ppm@ CAF A=t oy T i yhRENTHEY, Bir A RINE v DRAFINTE B
BAEHIFREDSEET S C LA WHTE, RPERABKERDES omTORES, ki
IR A RETRIETE 3 L MG shTnEYY,

b, L— -2 iEEtkicd CHERBETH- T, TORHEOMERE RTINS BT ENT
x5, FHIATWAEF + 5 ) —HOEAIERE ] EETH 5,

c. BiotHEAENT, BRI REOHRRRESTE 3. FE HEH0oM NS BUNERTF ORI
ERBREMT IR TS 5%,

1.3 {Rms#
i AR E h O LS O REMT DGR 2 S LT RAEFICE ~ TR L B~5,
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2. BEEBBELEEEY SAEEYOS T VSR

Bk, Sritte2RBBLHIEE LA FPA 4 v OREREBLHET S0, BB A<y
PBIERIERNEETH D RER 27 PR BREEOHE, BErEEI0ESKBIZOL
TOWHHEEEL 5, BIE LOWERORIM A~y b SERTEE L THRADEKICL-THE X
NTEEY BFEROH TP LBMAY LORETORA 2 <7 b iz EE LTHBREICL »THI
EERTLEY, WALWSOEAEME-THE, & TERAZOBNOD -DITRE-LD R~ by
MEHERARHIRESNZCETH S, EEROERICE > TREDHS, B 1100cm U TR
HIFE R EALFEHTEAV, 4, BRECL ANETERANOBEIFIREZG 5, RAH
BRTSmicid, HHbVHTFTHD CEMUETH B, T KER & PR~OBEBIC & IRA
BEFCIRESRIBELUN, FRTEAV, ChRBEETEEMRESHAOBROGE IR
BTHb.

Z L TRBEER bW, hok~OBREBEDIC LEATEZ L0 LTI vaRkicdd
& ik EOWAFREDIRE 2 <7 b VRIEEEA Tz, BIRREOREE~D 7 < » 536k IR Rk
SLRERVTE, WEEXDEW Y, 208 -DBEREFARICHATRERENENS T ETS
Do IHRERGFIZBRNIZHILE S < vSHRICIDEBEL LT ONE, LALEE7 < vidEHM
D r—#-—FRIBLAEI QIR OGN LELD, MEBEOHENE s~ JERL, @isdisd
) mooEEE LTREBRIOEE, HEORENSEL VI ETH S, HAOERED |
2T}, FEMOEBGOIHT, CHESRABTHROTAESNTH 34, BELAHOSESE
ABUCE - THREFRE L0000, X =¥ ML - THEBEIRT 2HEEH 5.

Z ¢T3 paraquat, diquat 3 L% OREME & L Ttk U 4 v ED 44 - B L U2.7-
EYIADEVE) P A PADEEE S A EEPLIERE LAERE ST 5, paraquat
diquat S FED & 2 IHEREH D, 14 HEOREATH S,

[ MeN >—< -\\NMe]Clg [Q{_}] Bra

Hs Hs

paraquat digquat
Paraquat % diquat I HIBEBRE SN 3T & THRERE LTOMHE %S I ~0OREEB TR
RHEMRA A ROSVEVYE O F A PPN —3F 254 B REL, SBEEEA A DD
RNAA Y +4 FITiR, BEASTEHLHEVELIBRNTTVEY, 4/, TvEYoF 4 +T
it paraquat, diquat OREFBHIZZEME 4 A4 » OEICK S0, COERMS paraguat ¥ diqu-
at A ATl ot oBMERET 2L EL L5050, FAx<I P LOERTRE €]

oF 4+ ORICERNBBRSKEFE L bELORTVED,
4, BRI, D BAkASD ~COOH, —OH % U CoBHBHUMSED SR bEL 5
h 3B, U LESAE & OBE fFRTEE <, 20 2 MRS 8A: paraquat & BRIFEELK
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FEZ LT, ) paraquat, diquat D HE~ORH B HER A 4 Y BOZ VL (2vE
NOF A4k, N—3d254 P INOBREHRRBIEZLON TS, ELTEVEITF A P NDOR
EHIRIEL 5 v R XENXBFORE (XPS), FtEL2 AL THGAC LL D& Lz, Th
A L Tl © E ) SASTFORE 2y P AR RIE L, EELEREROBEREAILAY
TR LRl & LT, BHES— M) TY O ~olEERNBIIC L 3EELCRTY
B2 i B)ULEOLTIRY I ART MY FEOSBRALN~O BN T 7 v AREICE - T
BRSNTED, Lewis BA~OEREH , Bronsted By T NHOBESB~ S TS %

21 £ B

HHLAEYE) o+ FRIVERAGIILED S =3 3 TEO 277 GT, TOBA4 YK
B 0.1 15mg 245 /100g TIHWERS 1 4 > #5kHE (Na™86.9, K7 3.1, CaT 2100 %) &15>TW %,

2.2-% LU 44~ U, paraquat (11- VA Fn, 4.4- ) F)La - P7as4F), diquat
(11 -TFLv—22- ) oNsn - I7owf F) S EEFTO0TEHEM L.

EVvENOF A FADRER, ErE)or4 b200mgAE 100miDKICEE S 2o FIKICL
Fo LT AN,

(0 paraquat, diquat % 130mg

@ BPY-2HT 4.4- ¥ UUa80mg 12N#EM2ml (BPY/H™4)

® BPYH 44-tv)Ung0mg 12NEBEC.5m](BPY/H ~1)

DEIKBEAEML, —HRETH{EATS, 704 FIICOBEENA 3 LEET L0 THB
TAIHEICTE B, P, ATHRPIBEITY, ERTERT S,

DD 2.2~ BEU44- eV SuDB&E, v EY Sak~DERE E T 7262 70°C i
BL, TvEye+4 rBERICNZ 2, T0°CTBh AR, &058E(15000rpm, 20min.),
EAREE2EEITY, PROVBETHEERERETI .

F2vA~Y P VORAIEIR, HRBF L — ¥ —7 = 00400 T @R L, Rl Ar A
A VL —#—-®514.5%F /(3 488.0nm OFIRE A 100~300mW THER L 7oo WEED X ~7 bVl
EDBAIIAEREES~bem™ , HRAEDIBER 2em ' Th 5, BRI E disk i, [EEZ i
#2( 1000rpm) =+, HEHE % ASDtiowt LP20° @\ s TEE L,

WA R~y P VIEARSRA- 1028 X0, Bk 2@ ) 2 AR R 7 E e Bk T
F L7,

By XSEHEIE T 22 RS CuKai % @H L (Ni 7 4 v# —fEF) DS ( Divergence Slit)
1/9° 7213 1° CRIE L#co 26 A5k E DEFFEHICHE LTO (001) O HEE R DSEEC 5 L5
CHBH, E-IMBRELSLVT LEHMDI,
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2.2 BRBIUER
2.2.1 Paraquat , 44—FEU L BEUE LY U S AL F v OBRE
lizevxyod4 MCEEL: paraquat OFABLUYS vV Ry b, K2 ICBE44-

v

ELY

1 ®=rvxYotd CEE L paraquat OFAB LS 2 vr~<2 b0
Fig. 1 Infrared and Raman Spectra of Paraquat Adsorbed on Montmorillonite

fa

& 1600 1200 800 400 -1 0
B 2 Evxlofd bBRELAE 44-BPY-HY 1A vOFA BLU 5= vz~
.7
Fig. 2 Infrared and Raman Spectra of 4,4"-Bipyridyl-H* ion Adsorbed on Mont-
morillonite
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BPY-H' 44Dz~ b AETR LIz TRARRY b3 1100~800cm O FEF, L0 700em™
PTHEYE) ot 4+ BEORNHHENY), BEFD 27 P v3BATLES, 77 A
2 DHEE ) oF A PHEICERE -2 708cm ™ & 203em™ (HEICES K BDATEWE
BRI bl - TREBFEO 2 <=7 M AREMTETSH 5,

Bl xhifaA B LT 5wy FORIBI paraquat, 4.4 -BPY-HT 4 1700~1400cm i3 &
Y ¥ v RO BHROHIRE, 1400~1100cm i3 E AN CHESS LU BRBISHAEIRE, 900~500em™ i3
fisk CHZE MRS, 300cm LT —20 vy o v BOBOBHES L UCBEALEBIRE L300 &
X3, Paraquat O A FARIK EZHD & L TIRHHES L UHE CHs ZAHFH1347Tcm B L &
1438cm T IFHA 2 <7 b L TEHRAI S,

# 11Tl paraquat, 44-BPY-2H", 44-BPY-H"' 44-BPY#ZEv® ) ot 4 FCRES

£ 1 wrvryord bEBRELEEE VY MEAYOFRABITD I 22T b
niREE

Table I  Observed Infrared and Raman Frequencies for 4,4"-Bipyridyliums Adsorb-
ed on Montmorillonite

BPY-2H /Mont. BPY-H'/Mont. BPY/Mont. PAQ/Mont.
IR R IR R IR R IR R
cm™? em™! cm™! cm™?
1652 1655
1638 1634 1633 1621 1647
1614 1612
1600 1594 1605 1572 1578
1532 1518 1518 1520 1520 1545
1496 1489 1496 1508
1414 1417 1438
1381 1398 1400 1347
1291 1289 1292 | (1290) 1295 1295
1249 1247 1239 1273
1211 1210 1215 1225
1078
1019 1022 1011 119¢ 1199
998 |
806 807 846
764 778 771
' 748 738
732 730
695 708
645 652 657 657
574 567 568
(404) 399 (386) 341
275 274 290 279
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Hhex HHllshhFABLYI < YA b0 EBEET LA, BPY-HYigid s & 7
= VOEHERHE AW L AERILL TYY, BPY-H A & vigiddiihlsinund &b b 2
Fhrveyosd b FOBPY-H I BPYE BPY -2HT OREWITIENL M >4 ﬁﬁ*m

BThae Ehigdh b,
migtheev e or4 MCERESEREIOY Y ) T ADBEDEE R, H3IKKL

n%nwﬁvyx&arw,ﬁzwﬂ%éntﬁ@ﬁéﬁbtoﬁzmm&%auvu?hteu
O o LEBEOEROEGE L. B3 IURT &Hic, BERMBIREITEH s> Ltk ,
1600em™ % £ 2 1000cm ! FHED S v KAy 7 + L, 414 YEQRBD DG Hid, Hic1000em’

1653 1297 1012
Bpy-2HC|

aq-soln.

16486

Bpy-HCI

1608 1298
1014
aq-soln.
1mnn

Bpy
CHC I3 soln,

1201 1019
1852
24
(Bpy-ZH) /M
1633 1292 998
~N:jwh
{Boy-H) /M ’M 1M
1285
%21
Bpy /M J

1700 1500 1300 1100 4

B 3 ERBIUEryeE)oFd bREELEC) PGP0 vy AT b
Fig.3 Raman Spectra of 4 4'-Bipyridyliums in Solutions and Those Adsorbed on

Montmorillonite
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£ 2 BREBLIVEVENOAHAMRRELAELY Y 9LDFTYARY bV
Table 2 Observed Raman Frequencies for 4,4"-Bipyridyliums in Solations and for
Those Adsorbed on Montmorillonite

PAQ PAQ/Mont. BPY-2HC1 BPY-2H+]Mont. BPY-HC1 BPY-H+/Mont. BPY BPY/Mont.
ag. soln. aq. soln ag. soln powder
cm™ Av cm-t Av em™ av em™ av
1654 1655 +1 1653 1652 -1 1646 1633 -7 1621 1621 0
1614 1606 1612
1608 1594 -6 1596
1537 1545 +8 1531 1532 +1 1521 1518 -3 1514 1520 +6
1299 1295 -4 1297 1291 -6 1298 1292 -6 1298 1295 -3
1284 1256 1247 -9 1230 1239 +9 1217
1074 1077 1078  +1 1078
1193 1196 +6 1012 1019 +7 1014 1022 +8
998 -16 999 1011 +12
836 846 +10 763 764 +1 764 778 +14 756 771 +15
658 657 -1 644 645 +1] 648 652 +4 659 657 -2
560 574 +14 574 567 -7 571 568 -3
564
397 341 400  (404) 401 399 -2
381 384 3867 +2
332 331 323,313
270 279  +9 269 215 +6 264 274 +10 265 290 +25

Ay FRBEFEBPY -HY vl 2dkic s THAIER S, v UA9 T it ilkE L)Yy
Th, CHICHIET B Y FREHO v 7 FAKE €Y P2 64 4T 991 — 1010em ™ &&
BITY 7L, LewisMOMHLT LI =2 A ADOBE TR 1022cn I ~ERECYTRLTVE

%2 OWEMDLT MERAE, paraquat & BPY2HT 4 4 vig fkic v7 bashad, BPY-HY
AEPHBPYRFTRELH-TVWE, DO REN I 4 VIED LOUWERKPD 1 4 VO
37203 FREETHE-TVAMBPY HT B LU BPY RS EhTr) ¥ v Bod UhABER
LREE L pLhokE KR - DKBESHE > T3 LELO6NE, BPYSFFOR
FERRIFPARBPYDLY ) — NRIEDRARY b E—FBHUTEY, BEBPY LELFOK
©OHEDKFESHEL DN B, £/ XPSOMERTIIBPY 20T, BPY-HT T3 38 ikfg 1 A
¥ NaT i35 -» T i hs, BPYOHEE 1/31BEED Na™ 2555-THD BPYD Nat~0 50 AL b
EZ L5,

Winde ® ) A0 T I FCRELAE 7 220D 7= vOMETE, BEOE 72200050
27 18 T35cm o> CH i 8 (Ag ) & 315eni L OBBRAD B el T A & L 2 & s T 3"
FOEREHET A LIRS LA EE) JAD 7 ME ) ANOREDOREEKERLL S
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WIS - TW 3, T/, Y JuOBEE 300en T OB C—C Wi iRE oMb A5 L b
EFFE LD . FAL DIEERO 270c  (TEOREA RIS 6~25cm™ Safflic o7 b LT
WAD AR x4/, Paraqual B& Fdiquat DE VT ) 0 4 FADRKED R~ Fvid Haque

BT »THREN TS, |’E Ik ni5ic CHEARIIC Y 7 bAKE W (paraquat 852 -834
em™, diguat 791 - 782cm™) ELTW, EvE Yo+ 4 b ~ORBFICHHBBREELZELTOAS
hi, COFEKICI ST BERO BRI &S DR AL OWINA S O FOREMNEEVLL L, BLUR
ik DsiEE CHEARENS BEASIFRICE R A 2 &0l -2 0 LAzERRB ORI,
K han {3 iifE~ @ paraqual, diquat @WFOFRN R 27 + VBIEEITL, paraguat 815 — 825
em !, diquat 792 — 765¢cnT! ~@O CHEA RO H W ICHERAD & 7 F2WEIL . ¢ A8
BRI HIROBRE LT3,

ERMAEET THUETERL 7227 b LR SIZ, paraquat 5 LOBPY - 2HT 4 #
BEvYEorAd bRBHELTHEZPOAA ATEVETER4 + YRR THRELTE Y, DB
PYROH®K EDKFHEES, Nat ~OFF OB AEZ Shic,

XKPSEDEIHF LAY ) J@ON 1s 2=y AR Lo 225h, H4ADLHicish, ZHEHD
N(EE) FYadf e ) JBEMS ohb, EVEYar £ PO ANCKHLTON s
DA LEE, BPY-HY 14 43BPY - 2HY® paraquat O 2 REE LT3 Ldbhy,
NH T 4 A4 v DRE R LD O SHEPIE A 4 Y IHRICE - TORFBETH AT LABRL TN 5,
(#%3) O BPYRG RN BPY- 2HY & K& U D BREDA, B+ 4 rOBEAEED
I BTy,

BPy

395 400 4;‘!5 eV

M 4 TrE)odd bREBEELEZEEY PADXPS N ls 22 b
Fig. 4 N Is Spectra of Bipyridyliums Adsorbed on Montmorillonite
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£ 3 :veyodsd rCRBFLALEEY SON Is HET R F— & TOEE
Table 3 N Is Binding Energies and Intensities of 4,4"-Bipyridyliums Adsorbed on

Montmorillonite

N 1s Binding Energy (eV) Intensity

(Si2s=1534¢cV) -Nl1s/al2p

BPY/Mont. 3992 (401.5) 0.60
BPY-H'/Mont. 3996  401.6 1.42
BPY-2H'/Mont. (399.2) 4017 0.63
PAQ2+/Mont. 402.0 0.59
PAQ2t 4019
NH4' /Mont 402.0 0.61

#4 )+ 4 b paraquat, BPY-2H 2 BE X #HFA R <2 bR RIE LG, 227 bVRE
vEYOFA FOBASLRALEDRERIETICDUCE Y EJoF A D /LT THH7

e SR AIRE Lt e v E ) o+ 4 FOBE XEEcE 0 (001 ) EREMD ER T
ot TR, EADE S 1, TNEDIE NaTDE&IE, FTEME C XZEITKTORE,
S8 o AL EOEIRICE BKD BT (001)212.2~15.5AS TEILd 545, £ Y U ARHE
OELREEHATRIEIEALE(ST, o) IAMRETREKL, GLALEVHENTHS
DB D BB, RN L7 & & Nato (00142 9.6ATH0™ paraquat, BPY-2H"
diquat 4123, 127TAELBERLEOT, bk Y ¥ YREETOBIH L FTIC LTRE
LT3, #hicet L, BPY-HY, BPYREBRMERSELS->TED, ) Y yRABSEVIZALAT
WARZED, Bt LTHECTRFL TSI EERL TN S,

2.2.2 22 -EFRPUDNOBRBELLEBS T
29- LY SMREBAIF Y EBLEME DL DT VY, B E ) oA FOBBRBKICITA

F 4 ey I AARE Lice ) o4 b (001) EHEEE
Table 4 Lattice (001) Spacings for Nat-Montmorillenite after Adsorption of

Bipyridyliums

Interlayer Species {001) Spacing Interlayer
A Regularity

. Na' 12.18 o

Paraquat 12.55 o

Diquat 12.69 A

4, 4 -Bipyridyl-2H" 12.81 o

4, 4 -BipyridyFH" 14.79 x

4,4' -Bipyridyl 15.29 X

2.2 -Bipyridyl 15.53, 12.56 X
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-y,

I'd

L, 2vEYoF4 rREENEFST 14 ERIEL T Fe (bpy )5 2SR SHBHIEB L1 B,
Zherveo+ A bORABLD I Ty RARS FPAEKBICREL .

— —Bipyridyl

1600 1200 800 : 400 0
cm~t

B 5 =ve)ord bREELL22-CC)IAOFABET T2 2 < b
{( 5= ki 514.5nm)

Fig. 5 Infrared and Resonance Raman Spectra of 2,2'-Bipyridyl Adsorbed on
Montmorillonite

FH 227 P VO TR TR LA MED 2.2~ v ) i LU Fe (bpy)sCle - nHgO & 2 ~<
FARERET AL v E)OFA MCRELE27-EE) SLOFRAR RS b G, BEoey
YO ELSHIGL, RSO e S3tES FORBETER LTV AL 055, LLAF
L—#F—D514nmANEE LTRE L 57 v 222 bid, Felbpy )i @222 M VDS %E
F41 Fe(bpy ETOET R <2 b it 490nm & 523nmic B 7 0 & B I IIE A o0 T,
514.5nmM vV — ¥~ THEIRT 2 LB = yRMECh, DETHS Fe (bpy )it iz ka9~
YEIERICEHR T, BRORERAERADTH L, tvE Yot A RO RRERSD
FeoOsDIET 1.93% & 15 » T B85, KiBsrE AI% & O % A T Al Osks FIC ADIAA TV BE
Eioh, KBLHEOETE-TVWA0RINEDT LD, 7 7Y AT MATILODES
LTS Fe(bpy)¥id, 2.7- 6 ) YBEORTRE L TOARD /100U T EHETES,
COEHTHIBT v B AERT 2L, Mkl » TRBOREFSEANE, BEL CRIEHY
ETHbH,
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B 6 it BROBSORM S = v 22y FADRER LI, 5w v E@O 7 v O
a5 DI ATHERE L LT 0.5MO KpSO4% 1A 1000cm  HED SO OXEREREIRE 4, 7~
LThd. Hicmd & 5icdit 5 = victi 2 & 10MERVRED NS Oh 3,

7t ord MCRE LTINS vA by 25488 0nm A8 s L THIE LickoD 5

1x1074m
4
";';n
t

k~#AA¢AwﬂNNAMWMNLFSMﬁM -~
z-
504

1600 1400 1200 1000 800 600 o1

Bl 6 Fel(bpy)sClz @ 0.5M KeSOqKIFERDILG 7 <= 2 210 bk
Fig. 6 Resonance Raman Spectra of Fe(2,2-bpy),Cl, in 0.5M K,50, Aquous

Solution

1500 1000 500 100 cm~1
B 7 evz)oFd PCRELLETZ VS vA LYy IORG T 2T b

(%= v#HE488.0nm)
Fig. 7 Resonance Raman Spectrum of Acridine Orange Adsorbed on Montmoril-
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TURRI CNTH B, T2Y VYA Ly Pi3402nm it BRI A F o, SANRE TR S, T OEE
3, BOEHHEIK 5w Y ARY P ADHIRIETEUED - o, HHIIRE LSS 8 n i <y
2559y Pk ERL ThES, FhllbcEh I v BEd-> 2 0Hllah s, ok
B 5 7 v A FERTHE, HEOBELHFTCHHLI~ORBZLHLSPT LD, HBED
&L D b EERICRIEAIRICE S EERLT VS,

23 # W

Tvelord bVIZRFLAE Y D) vadd v (paraquat, BPY-2HY) 384 A 58z
L DB L, BiRpD 1A A ETOE TR L THMSHTICRE T 5, &) Syl
EY Y YRO DD 44-BPY - HY g v 2 U o 4 FhOkSP OH EDREHES DI
BATRE T AR OHBIE LB - T B,

3o 5 = v AREEA TN, 7~ CEREIF O RGO UHRED PR B LICIRn
CHHATELL LM -7,

5l A X #®
V) RMEE - MM SA - M —EE (1977) 0 v - 5w vaER L T OIGH, #ilE .

2) Thomas, D. M. (1977): Dimethylnitrosoamine detection and measurement using laser Raman spectro-
scopy. Appl. Spectrosc., 31, 515-518.
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IV— 3. Field Desorption Mass Spectrometry{Z% (43 Electro-
Optical Ion DetectoriZ & 3 4 # > ORBBYENOKRS

Electro-Optical Ion Detector for
Field Desorption Mass Spectrometry

A A ® B\ # 5!

Hiroaki SHIRAISHI' and Akira OTSUKI'

Abstract

A JEOL OI-8G Mattauch-Herzog geometry mass spectrometer has been equip-
ped with a microchannel plate electrom multiplier array and a P-20 phosphor.
The optical image is detected by photodiode array controlled by a computer, The
limitation of the detector system have been examined in electron impact, field ion-
ization and field desorption mode. The results show that saturation of the micro-
channel plate reduces the possibility of the increase in the dynamic range.

1. £¥xhx

BRSO GEEATEO—2ICERBAMTE (MS) #b 2, HEMEREOTVREEITEL
T, FRZ70= 757 40— (GC) »poOBENRALEEMS WBAST 2EE (GCMS) #
SN, LOBOEBLEAMOMICECHASATHS, Ll, EREo/NS WEEDED
Bic LD ABERI LT 0 {tas GOCMS it L 03 28588 i1cid, REE4AEHE-0icE
A2 DFRKIC LIRRTnEE o n RS of#EbE: DT 5, BRINEEERTE (Field Desorption
Mass Spectrometry: FDMS) i3, H. D). Beckey iz LB S - Fihw, BESTFH@EERE (1
~5x10*V/em) TTA4 YL LTH#S 2, Wb 2RANS (FD) BREB RS CEM
L#bDTh2, FDiItLE4 a4 {bid, RHOBREHBEE LBV LD GO A A bk & ek
LTHBOZG 3R 202N a L, BHEAMTLNTAA v 5852 LH5TES,

Laal, FDMS iciy Y7 ult, 23y 5—-RBE, HAhoRely, sa0dzivs—0f
REOHFIZLIDERT 544 VELIERT I 0SB LHR, 14 VBHIMOTR
EETHY, 17 OB CBHiZ2ET I L0 oA LOMBANES 2 EBSNT
Wh; FDRARARAAY M TREBHEEE 2RV 2 EAMINETEES 5icid, BEH 50 SO

1. ENAEWEeT MRS T 305 REURSEal s manrNE N 167F 2
Chemistry and Physics Division, The National Institute for Environmental Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan
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NFF Y RNTF 24— DF— S MMERE &> TARY P WEEE(bS ALENH S, b
TP IAEELA X VBEHLLEHRETEORVAAS P AR B3R R AENICAR TR,
H.-R.Schultenit, FDMS M3 2% OMIDHT, A4 V&5« BRI T & 2 HREMK
ERINGELTHEAL CORBERIRL 7z, LL, SRE AV ARUEG ZRETFEfic L 5
BRBHE RT3 &, TS L, REE - RSS2,

Electro-Optical lon Detector (EQ 1 D) {3, 4 4 »OFEEE LR #L S & U CoOREEEDT
snD, B, EBMMUHENESATOS, CORMEOHME, “RETRETC LS TSR
HEOEBEY L, KL ST - BRI EL DT &icsy, w47 oF+ ¥ 247
bk (MCP) O HEMEREAEMERALC 5, MCP hBOHNE, < AF T/ — KD
® shaped resistive anode ¥ £ W5 §ihik 245, SMEE (Fh#A, 0.5 Ip/mm, 51p/mm)
DEDS, R LORKERINLOL, €Javhn A4 DD b FAF—FTLA (P
DAYk niitEhE, $HRERDA A v REZNLEL S EOIDICEY TRV & 25,
MERL Y XERPLIZHLOA 4 Y HER e OB bEEIATVS T, EQIDY 2
FLEREDART MORIERIZDEC, TOF M TIHREN TS LH, 44 & RGKRILT S
LWHEQOIDoffaLESLL, ++EF ) -GC/MSB D, v—F—57y -7z v—MSID,
Z28— 7 MSID ADEHEMRESA TS,

BEEFRAMLEA T RIESHOMEBES I BT 5 FDMS O -3 BEEAE L, FOEK
E{ke, BEtoEEAEEN TS, FDMSiEH 344 vRILLEOMBIB EQOIDAERV S
ChickhBEANSLYHESND, 22T, MCP LEPDAZANTEQID ¥ 27 4% 8(EL,
D¥ AT LY B BB £1T - 72,

2. £ B

B &AL, 01-SG Mattauch-Herzog B SINSIE AW (AAET) 4 —8dus LTH
AL,

MCP GEMRF L) 3, A93E25mm, 47 + Y2VE12 ymO &% 2HHEVCE/8° D
NATABEFgy v 7T LNTHERAI LA, ##8HIE, 74957 v—+ (7742986 pm,
FHRBmm ) i P—20 08k (T IREH A7) 28m L b0 ERLE,

PDA 25 am (8) X 2.5 mm (&) O7 4 b4 4 — FH1024 BRLH L TWHBE L F o v
RL—1024 ST &AL, VFIylBONEA+: - Mok RETHES &,

F— g Rk, 2KV - FORBELGDTI 990/103 =23 v Ea—% (74424 VAV
AV R B L. F—SWR 709 E-Fy RICREL, V7740057542704 (F7 b
o=724006), HEH0E, XYFovs (EANE 1700 b)) ekl

2 ZRA~Y b adilliid, FD/FI/ELHEA A v (AAWTF) £M0vi, FD, FI 2=

—242 -



LT

b

‘t"""

-3

-

Sy

FLOE, MBS0 kY, #Y — FUGE —3kVTITY, 21y 2310 m () Dy v 72
FUERAENRY S Y NTEBETH LA - Ry v 2R, Ty HHRT I vy AV
YhTO TSIt ENRB L. BT 222 bavld, A A4 {EBETSeV, 4 & bR 100 1A,
MEEEE 10kV TRIE L 720

3. EOID »2RFL0EE
Kl EQOID v 257 L0FEMEE%EHR L, Mattauch- Herzog U 4343 T, A4 4 v O
H TS N EAT B0, MCP- DA ks Y- <o 4 (Fe« Ni &4 KL~
W F Ut MCP &HUEH & ORI 1 mm & Lo, BRI HCE 4 Tic IR 2 B
VARSI BAEGESNTOA0T, ZoRERTE 3E50EEbANE L, MCP EDF
EHMOFOFBR T 7 DL DIGHH Lo Z/0EE RELEE L (R2),

PDA i, MEBOEFEO—HAEEL, 123 Ka— 2 DOoRSEEORHEATIREL Lz, &
FHE2E, 128w FDADEHRBEHET, 2KT7—-FORAM ICiiiEsd, (=avKa—#iC
&0 RAM SRR 7 — % 2B AA TEHEMAETI (M3 ), F—FE7uvyE—F 41 RIIC
BEEN, A7 budv A7 a7 77 L (BF VR0 OHREE OBRRZE(L) 2T
AL EMTEx3E, PDAF256kHe D 7 oy & TEIfESH, 70 v 7 BIEEIE64kHz T, RAM
ADF— 7 OROABICRI6mBLEPD, I23YEa —F~OMVALZERDLTIOMHTSH
Bo

Photodiode
Magnet MCP Phosphor Array
Lens 1
~rp
ion I
— 4 - — L
1™ 1M
—AA—— A
~ptz
2kV
Ild" p——
1 6 kv
x« 104 102

B 1 Electro-Optical lon Detector @ JHBH
Fig. 1  Schematic representation of electro-optical ion detector
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Mattauch - Herzog mass spectrometer

a) Scan

lon multiplier
b) Static
Photoplate =
Microchannel plate : : MCP .~ IM
S

B 2 Mattauch-Herzog®V¥ B\ 4ret

1.5, 445, LM ; ZiREFHEE
Fig. 2 Mattauch-Herzog geometry mass spectrometer

MONITOR <—'
VIDEOQ

SAMPL

" ‘h

1.5.; ion source, 1.M.; ion multiplier

LTI990/10 cPU

latch
read

READYo— CONTROL

CLOCKo &« Tosc L{\

3 TAMFAA—FTULAEI Y E 2 —FLDA V=T 2142R
Fig. 3 Interface between photodiode array and computer

4 HRLEE

EOQ 1D, MCP O#f & IS HEHDEHE, MCP ORIEOET, HAEFASIHCHE i Bl 2 ¢
F, T4 — Frg 03U EOMENE SN TEY, FOMREE LT, MCP OHEAEHHT B,
MCP Ofiicd A —J3 -4 @45 %, @Ry — v F3a0 REOHEPHESRTL
B, BPFETI, B~V N30 L ~foh R4 stk Hie, BABISMHE (130004792 ) T o
&, WNHELLTREDA A —PL UTPFK( Perfluorckerosene ) DE I 224 bdm/z 467, 481,
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493, 505, 517, 531 DIFMKIE/ Sy — v HHEBINTE D, CORHFTTOMCPEEFISZL
D atz, B R~Y b MCP OfIE LI, bR GASEEELTFIBAED M £ -
UH L1, BRICEHBOL LEBENTWE L EMNHhE, L, MCPOETF + ¥ 2 LOREG
OR, HHBEOHMIMICHESERAA ZADA 4 v{bEMCP DAYy ¥ ) ¥ FEOFABEZLS
NAH, —HEHEME LT, MCP ORIBIRAX ¥, MCP —HEREMICGWEIEES M Lb
BOEGSRSNh,

BohaEit, VX (f70mm, F14) TPDA Licfifgs R LA, PDADEFAH
Fit, BEERE ASSEROR AT 24, BABMICRBRRICLOBTSNLMESS S,
PFKOmM/26004 4 Vick > THU 3 EAGHEE LT—Eiclks, iR ERIES N im/ 2
OO — 2 OEIDMELENG6 IR LT, FETOMNETH, 0.3BITHEHNRESH LT &0
e BNEMAELTICONT, BRI 2 A BT, | BIZEE TREHYTRETH -
72

HT7ECAZ+ VBT, MCP ORjEA LI LIESOTE M V/DF I AX2 FLERT,
HOEHEEPDADLDEF— s TTFAHBPDAOBEN /A X2~ Ya— s TRELLS
DTH 5B, m/z 58, 59, CODEMUBERIMCP ORBOBCTRE(REZ LB LD, TH
i3, MCPOftfnttic k26D EEZ N5,

4 Perfluoro kerosene (PFK}Y O E1 TA<RZ bV
(Htm L TcoxD 4 £ —2)
Fig. 4  El spectrum of PFK (optical image on P-20 phosphor)
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Fig. 5

B 6
Fig. 6

Perfluoro kerosene (P FK) ®El 2<%
(FE L TaokD A 4 -7
El spectrum of PFK (optical image on P-20 phosphor)
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The relation between integration time and peak intensity
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MCP 1.2 kV MCP 1.0 kv
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PDA (.35 x 50 PDA 1.0s x50
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%| Acetone h58 (F)
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(mv) (mV})
59
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RNV - ——d -
1] 1 Hhnrw,

1 o 0 0 )
125 250 375 ch. 250 375 500 ch.

B 7 AHAAVBICHTET b OFL 24 Frngk
Fig. 7 Effect of input ion current intensity on FI mass spectrum of acetone

MCP OHAEREEL L1580, tREORKE(E PDA I EAL 41+ [ 8 o
Lifte A4 A v E— L3 PEK @m/z 69FFV, —E & L, ©— 7 OEAORATLEDTS
Th 3L NHRICIVIBOBEDOESERICHL LTV A EH0HE, Thid, MCP hoOH A
BREEC LA &, THZHEOMCP OWAEICIERMHIIED, ThBEROTETHMEEMZ 5%
Rebofcth, MCPOFIBMEETLTLE I LD THLEELLNS, IFBEAIE, MCP 2N
BAFY oy FMERICEDHHIENSY, MCPHEEITHAHATY v MERIIDE L, 78
OEIE SR Db - o

—ftic, MCP OIBAERIR, 27V » FEKEDO S T THOIBEZ LTV 5, SEAW
FMCP DAY PERIZIKVT27x10°%A THY, MCP L4k (4.91cm?) THATEIRIL
0.14 x 107 ATV C LWAGETH B, Chid PDADF v ¥ 3 vicind 21HifE(6.25
X 107 em®H) TEH LT X 107 AiY 9 5, S00H0C & 2 8845 (100phion/electon) & b v X
FeLdhod (1/7100) #MHBLTELS L, PDA iz 1.1 x 10® photon/s D ( 560
nm) BEGET 5L EZ 50, i3 3.8 X 10 joul /s &%, —4, PDAI 1.4 X 107 coul
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B 8 @AmckdvAdr7aF v rii7L— FOFEBET
Fig. 8 Effect of overload of input ion current on microchannel plate

TR L, 560nmicitd 23RN 2.0 X 10%coul /joul /em? ThHEp S, PDADIF v+ VA
HEIIT B1cid 4.4 X 107 joul DRABBETH S, MCP % 600VTEEE &, PDA OFENIFH
20.3%ETHE, PDAD1F v Y FMcEEA, 3.8 x 107''x 0.6 x 0.3 = 6.8 x 10712
joul OFHEET B L YT TEE, Chld PDADORARILRADISHITHYT 54, HBBICX6%
RETMCP ORBOE TR Db,

K9 MCP OB ELVELAT, PFKOEL 227 bAZAIELAZ DT, m/z217,
218, 231, 2430 MERE—FEHT TIREFHESEEHOTRE LA R Pl K —
HARLTWA, @& &SRERERIPDT, BEMNZEIAEEUTHELEDNS, EOIDT
AE L AR bvid, SBESESIRLEGOIEBELTHIOETLTWSN, chidr
ZORBENENIIHETDNDS,

FDMS ~DIERRSBROBETH S, —FlELT, FFom ) AFo7rEagsEOFD
2 A2~y PRI R LT,

5. MEALSHORE

MCP OHAEBHMBAKEZL ENTTNWTEREOCID YA F ADEEI/RAEATH BH, EKHEFHD
BRI R VERPES NI LD LB IN D, BAED L AL LORBBOEED R L
BETHLHY, COLHIIE PDAETEZLFHNEICERG 7 s A —H 9TV VT3, &
A, ROBRHSBEEREOLDEFE S L4085 5,
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Fig. 9  EI spectra of PFK detected by ion multiplier and electro-optical ion detec-
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Fig. 10 FD mass spectrum of trimethyldodecyl ammonium chloride
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Report of Special Research Project the National Institute for Environmental Studies

No. 1*

No. 2*

Man activity and aquatic environment — with special references to Lake Kasumigaura — Progress
report in 1966. (1977)

Studies on evaluation and amelioration of air pollution by plants — Progress report in 1976-1977.
(1978)

[ Starting with Report No. 3, the new title for NIES Reports was changed to: |

Research Report from the National Institute for Environmental Studies

No. 3

No. 4%

No, 5*

No. 6*

No. 7

No. 8*

No. 9*

No.10*

No.11
No.12

No.13

No.14%
No.15*

No.16*
No.17*

No.18
No.19*

No.20*

A compatative study of adults and immature stages of ning Japanese species of the genus Chironomus
{ Diptera, Chironomidae), (1978)

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress
report in 1977. (1978)

Studies on the photcooxidation products of the alkylbenzene-nitrogen oxides system, and on their
effects on Cultured Cells — Research reportin 1976-1977. (1978)

Man activity and aquatic environment — with special references to Lake Kasumigaura — Progress
report in 1977-1978. (1979)

A morphological study of adults and immature stages of 20 Japanese species of the family
Chironomidae (Diptera). (1979}

Studies on the biological effects pf single and cotnbined exposure of air pollutants — Research report
in 1977-1978. (1979)

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress
report in 1978. (1979)

Studies on evaluation and amelioration of air pollution by plants — Progress report in 1976-1978,
(1979)

Studies on the effects of air pollutants on plants and mechanisns of phytotoxicity. (1980}
Multielement analysis studies by flame and inductively coupled plasma spectroscopy utilizing com-
puter-controlled instrumentation. (1980)

Studies on chironomid midges of the Tama River. (1980)

Part 1. The distribution of chironomid species in a tributary in relation to the degree of pollution
with sewage water.

Part 2. Description of 20 species of Chironominae recovered from a tributary.

Studies on the effect of organic wastes on the soil ecosystem — Progress report in 1978-1979. (1980)
Smdies on the biological effects of single and combined exposure of air pollutants — Research report
in 1979. (1980)

Remote measurement of air pollution by a mobile laser radar. (1980}

Influence of buoyancy on fluid motions and transport processes — Meteorological characteristics and
atmospheric diffusion phenomena in the coastal region, (1980)

Preparation, analysis and certification of PEPPERBUSH standard reference material. (1980)
Comprehensive studies on the eutrophication of fresh-water areas — Lake cument of Kasumigaura
{Nishiura) — 1978-1979, (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Geomorphological and hydro-
meteorological characteristics of Kasumigaura watershed as related to the lake environment — 1978-
1979. (1981}
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No.22*

No.23*

No.24+

No.25*

No.26%

No.27#

No.28*
No.29

No.30*

No.31*

No.32%

No.33%

No.34*

No.35*
No.36*

Comprehensive studies on the cutrophication of fresh-water areas — Vatiation of pollutant load by
influent rivers to Lake Kasumigaura — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Structure of ecosystem and
standing crops in Lake Kasumigaura — 1978-1979. (1981)

Comprehensive studies on the eutrophication of {resh-water areas — Applicability of trophic state
indices for lakes — 1978-1979, (193]}

Comprehensive studies on the eutrophication of fresh-water areas — Quantitative analysis of eutro-
phication effects on main utilization of lake water resources — 1978-1979, (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Growth characteristics of
Microcystis — 1978-1979, (1981)

Comprehensive studies on the eutrophication of [resh-waler areas — Determination of argal growth
potential by algal assay procedure -- 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Summary of Researches —1978-
1979.(1981)

Studies on effects of air pollutant mixtures on plants — Progress report in 1979-1980. (1981)

Studies on chironomid midges of the Tama River. (1981)

Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey and their distribution
in relation to the pollution with scwage waters.

Part 4. Chironomidae recorded at a winter survey.

Eutrophication and Red Tides in the coastal marine environment — Progress report in 1979-1980,
(1982)

Studies on the biclogicat effects of single and combined exposure of air pollutants — Rescarch report
in 1986. (1981)

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress
report in 1979 — Research on the photochemical secondary pollutants formation mechanism in the
environmental atmosphere (Part 1). (1982)

Metcorological characteristics and atmospheric diffusion phenomena in the costal region — Simula-
tion of atmospheric motions and diffusion processes — Progress report in 1980, (1982)

The development and cvaluation of remote measurement methods for environmental pollution —
Research report in 1980. (1982)

Comprehensive evaluation of environmental impacts of road and traffic. (1982)

Studies on the method for long term environmental monitoring — Progress report in 1980-1981.
(1982)
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