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Abstract

It is well known that the inhalation of fine asbestos fibers causes fatal diseases such as asbestosis, carcinoma
and mesothelioma. Light and electron microscopic methods are well-established techniques for the analysis of
ashestos fibers in the environment. By these analytical methods, however, an asbestos fiber is recognized essen-
tially based on its fibrous form and it is difficult to identify the fiber without other techniques. Electron microscopy
has a high image resolving power which permits detection of sub-micrometer ashestos fibers, whereas a tedious
sample preparation is necessary for electron microscopy.

This report describes techniques analyzing asbestos fibers by use of secondary ion mass spectrometry {SIMS)
and fuluorescence microscopy. It was possible in SIMS analysis to identify the asbestos fiber by the positive
secondary ion mass spectrum and the secondary ion images. Using the technique of fast atom bombardment -
secondary ion mass spectrometry (FAB-SIMS), ‘asbestos fibers collected on a membrane filter were easily
detected without any pretreatment. Fluorescence from dye molecules adsorbed on asbestos fibers has been used
for optical microscopic analysis of asbestos. After anionic fluorecent dyes such as xanthene dyes and umbellifer-
one were adsorbed on chrysotile asbestos, bright and clear fluorecent image of chrysotile fiber could be selective-
ly observed by fluorescence microscope.

A new sample preparation method for the direct asbestos analysis by transmission electron micrbscopy
(TEM) has been developed. In this method {direct TEM analysis}, carbon evaporated aerosol sample containing
asbestos fibers on membrane filter was put on a TEM grid and then membrane filter was eliminated by dissolution
for TEM measurement. Because of simple sample preparation and clear TEM image, direct TEM analysis is
superior to the conventional asbestos analysis by TEM (indirect TEM analysis). The quantitative analysis of

" chemical composition of asbestos fiber using analytical electron microscope was also studied in detail. Absorption
effect on the guantitative X-ray microanalysis by analytical electron microscopy was correlated to the size and

the elemental composition of asbestos fiber.
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Fig. 1 {A) Crystal structure and (B} single fiber of chrysotile
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Fig. 2 (A) Double chain structure and (B) cross section of
asbestos fiber of amphibole
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Table 2 Physical and chemical! properties of ashestos“®
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Asbestos Anal}Ifsis by Secondary Ion Mass Spectrometry
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—i A A EBESFE (SIMS) #Evie 7 AR FMTORE $1To %, FOBR, SIMSTHT A~A MDD
SHREA S ERANRT AT =i, TARA MOBERBRANT LI EHTE, 2, TASR MELER
(CRBA A8 ELTRIBTE L TETHE I ESHEOM ER 2T, — KA 3 B4 (0,7 Db Do
00, - b r B EEEFHERIRA 4 P EREAITE (FAB-SIMS) 2L D, AY Ty 7 48— RiCHES
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Abstract _

Secondary ion mass spectrometry (SIMS) was applied for the analysis of asbestos fibers. It was possible
to identify the asbestos fibers by the pattern of positive secondary ion mass spectrum. The image of ashestos
fiber was measurable by use of any major positive secondary ions. Using an O, neutral beam instead of primary
jon beam {0,*), ie. fast atom bombardment - secondary ion mass spectrometry (FAB-SIMS), asbestos fibers
collected on a membrane filter were easily detected without any tedious sample preparation. The smallest size

of detectable ashestos fiber was about 5 and 1 #m in length and diameter, respectively.
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Adsorption of Fluorescent Dyes to Chrysotile Asbestos

and its Application to the Asbestos Analysis
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Abstract

Method of chrysotile ashestos analysis by fluorescence microscopy has been developed. The method is
hased on the selective adsorption of fluorescent dyes on chrysotile. Xanthene dyes, having carboxyl or hydroxyl
group in their molecular structures were found to be selectively adsorbed on chrysotile ashestos and can be used
for the purpose. The amount of umbelliferone (7-hydroxycoumarin) adsorbed on chrysotile was more than 10
times of that of xanthene dyes, and umbelliferone was adsorbed as anion on Mg of chrysotile. Pre-treatment
method of airbone particles collected on a membrane filter for the analysis of chrysotile ashestos by a fluores-

cence microscope was proposed.

1 Loz

KEBCATOT ASA MRS AESDL I L
wOREWEL LTRECRY EiFehTws, K&EH
CAPROT A~A P ORHIEE I Bicahi- k3, @

1. EiREEs EREmEs L -7
T305 FEEE D < iWhNEFN16%2
Regional Environment Division, National Institute for Envi-
ronmental Studies. 16-2 Onogawa, Tsukuba, Ibaraki 305,
Japan.
2. EEREHRT {CEREE
T305 FHE S TRNNEF1682
Environmental Chemistry Division, Naticnal Institute for
Environmental Studies. 16-2 Onogawa, Tsukuba, lbaraki
. 305, Japan.
3, R ARG IRt AT
T8IS-01 FERE AR A EEF39
Fukucka Institute of Health and Environmental Sciences.
39 Mukaisano, Dazaifu, Fukuoka 818-01, Japan.

CEOEFSAE R L ETEME R & o TTh N, MR

THEIXN S, 2R T AR MR L AR AMEDS,
T ARA PREOEE L, SERTHSE0EREL
FHIZ R H T AT THSY,

St R £ BT MBI D = > OO ST
BOREESFEOR G BT KE W, COEEZDEL
?étwmu?xwx%wﬁﬁ%;it%ﬂ@?ﬁﬁ%
e iz A Ao R E 2 R S0, RS TEMEN
&AM, L DBRESFLLELCHE, KRBL
ACE D OBLIBRYE & Bh 3 {LFrE 2 in
Bk LI RIE A E 2 208N H 5, FO—DELTT A
AR FEEBIRACENL T, FoEMYEORES
b LIcRHESELZ SN,

FARA FEREANGRE DN T ORI, iy
EheRihTws, IheRuiFntHEnEEL:
HEITH % 45,



HETF S

@7 ANA FREAFEF S

QT AR OFEPAM & OBE

@7 AR+ OFEUE
KR ens, @QODMETIE, TARI FORHAMEA
HREFECAMOBFC L 0 58 by Ao fEL
Ty, NP, _yV (@ VL, 742 b b0k
BROWTORAENHE, QTHRHTARA FEHOWE
WED, TANAOBEERSZS LT84, il
ERECOBEREIEEINZ Lo LT 2WEnbs, 21
V5 A D F L) ¥ (POCL,) ORIGTHRE %
DN EETESY, £43%(SiH), YRS (B.H)
wED YTk, kBRI TEEEEE L T 39, DO
EcORT, TASX MELEKICHATE E#F i oh
LD, BE, BHOBRETH L,

T ANRA N EEUBRY 4 BEEY T H S~
DREEOHEEOMFRTE, Fctreor4 R
EURTASENE , BrE Y OF A b CIEEERE
A A AR Lo TEBBICRE T2 2 LA %mo T
Lo, 7)Y F AN ERBOEREER SR TR
Valerio® ERRE (T 7 UV vd Ly, A5
Ta—) EEEERE (ot v rY, B2 o) ORES
gL, EEMEREARETZE LTS, JOEEN
%ﬁ@%ﬁﬁ.iﬁwmgﬁﬁﬁbt%&Mgijmﬁ
o THEA A v iilspldi (2 VB TIRE L Tnwd &F
BLTWLAEW, FiAwadellad bHFMEEE B4 4 >
BN BHE A F AN Ly R ET DRI AL F Ly
FEE ) VIANCERBIRET 2DOLBEIL TV
2, BEFHCET SRREIEEcE v, £ L TRE I
& DXRD (AR XHRAH) T%bwe—ﬁﬁﬁ&én,
FhiEMgoDF L — MR LOTINMI IV
A NHER B - T b EfER LT, LLEORES o Rk
ERPLD T AR FADREE, WFhby Vs AL
FHHEOMgMEHR LAt LdbDE w3, Lz
#o T LB DMLY~ ORE B U TERE I Z
Lotz ), BETFHEIET 2 DIERE» -0 T
MUATO7 ANA MEHFCHR T 21 @mo T vk
nEkEZ SR,

KEMUARD7 AR Mo R s tREBES
ZZBE, TARAMIEADEHZRE UEXEMET
BT 208 BEYTHELEER, 22TZ7 VY FAN
TARA b RECERACRET HEEREL, *
OTEHEH~E s 2N L,

2 X B

ZVIIANT AN+ FTHROBHERD 7 A~ b
Al L TER L, 2RO 7T AN P REF
WEEB TOEAREL, KEMARIBLRLDE, 7
VSTl Lz, SRR ELALIERY0umD
REETT A Bl B T AR L OB e Lz,
—ER ARG, BE AR 2 R R 20 s00°C TR
g L7t FERROBELZTVESEE L, RO
FHEXRDTHRRDS &, 7V VA LOEHBEOMIC)
W= b+ (lizardite) & GERSBH b, HHEEE
RETRZ UV A OIS A I RO EHTRRS
P EH SN, FRIRGRIMERINA R P2
VU E AN ORI Ay bV — B L, BRERE
BEORFOEBNEFEMBIC L 2B TR 1 ICR
T hO@, BERO2 Y Yy A NOHBERREEYRS
iz, ZOWRESO XS Mg L SinERATF
DffticFedstEi s hiz, LicdSo THRES BB
MRk 2 Y FANERIC YUY —5 1 b EEETE

HA Y FA M F L O ASPA0OP % {# B
Lo REMUAEML, ERBECEEA V- N IET
AT T4y — (2N ZLTATNA T L
74 NvE —, FLEO. 8um, 4Tmm®) IR Lz & D E{FE
AL,

7 UV A ADFEEH I Microsorb 2300 (Micromet-
rice) Z A L THREERBE TOHRATREFER L VR
7o, BESEEEE L RERATI2 4am¥y, COEBE A TEH
HTsolE» LARETI.2mY/ g TH o7z,

W& R ol R g, SEETHDENEE, B,
Chroma-Gesellschaft, B {L2E, F{AEZRO LD TH

E 1 u;i4fo«xb®ﬁﬁﬁ?ﬁwﬁE;
Fig. 1 Scanning electron micrograph of chrysotile asbestos.




D, WIFRbZDEEBERICLTHERLL, T03 57
PV S ANAOEEEF L SFADE, 7t ed
> {Fluorescein), L% A 0 i ¥ B{(Erithrosin B), o—
%2> B (Rhodamine B), 7%= (Uranine) (%
FUHFIEHSEED, 4 v (Eosin) (Chroma-Gesell-
schaftf), # A4 > (Calcein) LV ¥~_Y 7o
(Umbelliferone) (EH{Z{LFED THH, 2hodiT
BRI ERELTHE, ThhenBFOLY /) — L E
foidAGERC, 20 S OO METER Ty Y VY

A VEBLEFERE S, TORBLAECIEHE

7o,

WA A7 b VOREICIE A ISR EE650-
10SEFER L7 (FHEXE & /> v 7150W), 7V
VEANLGE, Ta4 REREE L TARY PALRIETE
ZEFEHPVRFTREVWOT, ARFBELLZ2Y Y
5 ANDARY b NS S L ERD RIS
EDEERT ok, EXERERT, Y Y 5 A V&G
KWW ARLRER, 7)Y IANEAYT LT 4
NE—DFICEDT, 74T —LED 7 VY F A%
(Z7ANF—Tk) ELOXRSScE&be T, B
e Liee 10X 10X50mma #6& A BEREE A A /v —
HIAEBBELRLKE XI5 b0 % AGHEE BHESK
HUA OAFCAS LICAR, FO L) YT AN

FARA b ADEREREE = TANA FIMFAOIER

BB EBEWTRIE LR, BXAY P OBEIE, BF
RIS, 70V SANEDERb PR wEEZ SR
DoF BB A NEIRELE DI L LTiT o e,

ETROTHRR A~ 7 b vid, 3231 837 BEEa 0
FAMELUCREL,

SRS & A EEIIEHTEIE S (A Y vt R)
RER LT At A v OBRIBREL 490nmG0R
BRB7 405 —), 7wy 7o Tk UBEE (334, 365
anBiEORR 7 4y =) EERELAC T 7 00
F—DEDT AN~ N RBREL N, Lo, Arf
EEEESE L ABE LT, BRI X400E 72i3 X 200
TiT o7z, WHREHMBOLDOFRNE, BIEHOA- L
BOWEBCAFNEEE AN, TANZ R AFE
DDz 7 4 vy —FBEERO LicDE, 7405 — L
DEEDEART LS T4 VY — OB S ERBEREST
ARty LB IR L, 0aRe e iiER, KiE
THL RO TT 4 v — B b BT, EEE
a7 ANy —ET Ry PUTEF VHICED
AS A FHS A LTEE, 7407 —EEHEEL THEM
TR L, B3, E—REF T EBRME & A
EEMEEENTE D LI I U, B3 ICHREHER Y
TLTH3,

Erythrosin B Fluorescein
Y
Pg!
48
HO 0 OH
Eosin
@hodamine B
?
C-OH
S c
.
{cr!chgl;}“ o NICHoCHA)2

Uranine (Flucrescein Na)

Umbeliiferone

(7-Hydroxycoumarin)

0 OH

2 EHALROSFHEE

Q
(HOCCH2)g NCHyp

Calcein

o}
o
%C@N(CHQ@OH)Q
HG OH

4-Methylumbelliferone

CHj

Qm OH

Fig. 2 Molecular structurces of fluorescent dyes.



HEETS

b

—

i
WIS o aLv7ans—
ALY /

wHRBEEKTE

e

—
*

///

Lk

j‘/jl/?/?]}by—-—

PR

ASAFHFA

[ EFRREE)

e}

A4 FHZA

P UTEFE

{ & NIAmIE e EE )

3 HDEEEMEEED r» ORI UASEERE

Fig. 3 Pre-treatment method of airborne particules for the observation by fluorescence

© miCroscopy .

3 RRECEE
31 ZUIEANTARRAPADFY T (xan-
thene) At eRE

migd, B kKSR UAERDZ )Y F A L E BRI
My aiwiclx, 70V 5 A r0BEAEER
MgsSi,0,, (OH} 3 & -Mg-OHMBFREICH T W A HEEE
BT 5L, REMg~RET 2 EXAENERLER S
Nb, RiCHE L2 U Y YA vORTMgIEEL LX
¥, BRI T RS HE AR 0P E S T u
2119 LMo TMge R 5 _BHEET WD,
it E 72213 7 VA ) MR T CRE, EERNT AER
FETLENH S, FITI D VI A MR RE
TEENFAELENET 0L, TERSOETILVEL
TFNE 2 ATRIEHATHDOHI AV F A L EED DT
7V I AN EDHEETo 1, THROSEHDHAD
HELY S —NELRRBEEPS ) VAN E LY
FA4 MCEE S, BHEAT ARERHE L, %
DR, 70V FA NS LELEESAS {n2h
AN A MEETHEEXELLO, 2Rl
BRTHo I, FLu—F 3 YBiz=N"(CH,CH,) %
OB A UBRETLDHEDOTHZNVFATELR
C|EF LI, EEVOFA L, R FFAPRTHES
A b (laponite) EO TN 5 2 7 A BIEFM TEBA 4 >
OHEERESTRET D T L BHenTwaa, 7)Y
74 RE TEAEERBOOE, Wy -COOHP
OHEDHZEAA VB DPTOERBETHLI LA

Fluorescence

Froize FWFAVEAL L ET) AT Y YBOEHLAN
7 rAEEL4E, BICH2WRLEBRORTIY — 7
LR E— T WEET U, AEEO b OEPEBET
FhEY — 753 2 DEfl 2, 7Tooh VECERREEBIO
C— 7 IREMNE L Lo t, IHiZ-OH®-COOHED#E
BET#Ic LD, BAF O -7 RNB s LBEZLD
o,

Erythrosin B

Fluerescein 550
! 570
520 -- EOH soln. Ot
530 —  crysctile

Ex : 530 nm

Ex : 470 nm {soln)
480 nm (crysotile)

Fluorescence

540 570 600

Wavelengthi{nm)

T T T
490 520 550
Wavelengthinm)

B 4 7rtrbeAfrrrsyRAavyyBorsy / —LGEREZYY
FANMCBE L & EOEEA P
MR =5/ — I 4T0nm

Z Y84 nRE 490nm
Fluorescent spectra of fluorescein and erythrosin B in
ethanol solutior, and those adsorbed on chrysotile.
Excitation wavelengths: Ethanol solution 470nm

Chrysotile adsorbed 490nm

Fig. 4




TARR FADHAEERRE & TARZ MMHEA QIR

=1 BMRABEBEE VYIS, AFUFA FEBREL-GEROEN
Y—7 (Em) & Bl £ — 2 (Ex) '

Table1

Wavelengths of emission peak (Em) and excitation peak (Ex}

of fluorescent dyes in solution and those adsorbed on
chrysotile and kadlinite.

I —VEER 7V IANVRE RAUFA R
nm nm nm
) AgvB +++ +
Ex: 530
Em: 550 Em; 570 Em; 555
A P e + ++ +
Ex: 467,492
Em: 520 Em: 530 Em: 520
o—4%3B +++ +++
Ex: 538
Em: 570 Em: 585 Em: 600
LAYy +++ ++
Ex: 520
Em: 540 Em: 555 Em: 548

+ ot R UYL ESE )T P REAROEAREORR LT,

KB 2 UV EANEE

nm nm

vI=y Ex: 470, 482 Ex: 470, 491
Em: 515 Em; 525

b VR L v Ex: 470, 450 Ex: 470, 495
Em: 515 Em: 530
7w x Ex: 327, 369 Ex: 368
Em: 457 Em: 453

4- AF g 7 xay

Ex: 325, 366 Ex; 370
Em: 446 Em: 447

R-COOHR-0OH) - R-COO(R-07} + H

2N EANBRBENTT Y, Alkd YORFBLASRY

PR T AE VKB A P BTED, A%
R v yAnilEBs 4y LTOEEMNZELEHT S
-, .

WA Lo EFEOEAY — 7 RIEHOHEY — 7 L
TEL, WTROBELRERAICY 7 FLTED, B
A4 VEBRBTIVE /7 A BIEEYCTE L RS, 6
AT —F 1 6GDIRFA T eV uiq bR
HUESNAERE—HLTWwE?, IOBEE~DY
7 MR s AROEERBIC L LB AR T
B, | -

7 VY EANAOERRE R E CRERORER £k

DEIN A 27 W VOENREOE O RD I, FOizHfl
FEWD A Y P VPREF S B TERL kY, BAF
VEEREY, t) Aoy yBOY S —VERE 7L
F A 2 D0.5% NaOHAEE CRE R 27, W
BHEREESSCL2CTIT, FORBEEHSCELTH
B, ZVVEANDREMD 2 OBRERILSC, AF
WEBmg/ i tHETo Y 2 0¥ »BTE.016x10-*mol/
TNA e A 2 T0.024 X 10~ mol/em? i AR 7
L, 2OBEBales D AT a—nEERE (0.3%10-°
mol/cm®) "WOH1/10TH - 7z, BEEW I R —2DF
Az, BEAFRATFOILYOEEREMIRNE L 24
Ezohb, BRGTUHRATHDIFGEHBEL A
Bl FHr7UAFFER~ lam?) 57 VY S A VE
HICFoCBRETLERET D &,

cm?,



BT S

24 o
o e
E’ P $5T  Erythrosin B
o .
//_gu_——_—-_——___a {E10OH soln.)
- 20¢
= o8
3 |
§
- 14 - Fluorescein-Na
o
2 Iz . 551
G i (Aq. soln.)
@ L]
° X -
<
L— 1 1
o] 5 10

Concentraticn mg/l

H 5 rUVEALDIYATY LB (17 —VETHR), 7L
LA 2 -Na (Fas VKiER) BESRR (65°C, 200C)

Fig. 5 Adsorption isotherms of erythrosin B and fluorescein-
Na on chrysotile{35°C,20°C},

1x10-1x0.02x10-?x6x10%=0.12
(20 E 40 emtEl 00, 12em* 2 575)

Ly, PORZERTCREORL L BAFHS T
BotTwbIleitha, '
EBERNDZHL > —2OFERE L TREESE k-5
TwiMgDEBEHSEZ NG, FHREBEET7 LA L L
Ao, WSz, hALEAVRERTIE, 70V SA
NI OIETEOAARERIN A =7 b ADBELL Twd
OB S ILE, WEBOALZ L, B REE~
Tayy L EMAEEEUARY FATHY, 7YY
74 NEEORE, PHKEECLY /S~ VBBETL Y
VI A LDOMgMEH L Twa I e nELI RN, 7
DV F 4 LOMgA A ORANDBHBRBEBRETS
WA, EETLBEEBSEETHAOHRENS L TY
B9 27, CuCLiGH® v a v, A7 3~ VEHT
HERE TR,

3.2 A7 DTN IARANORIE LR

vy )7 2 0 T L VTR I L R
L, BRI T ) AT BOM4004E, 7t
A0 TEsvhh, v—F—@Fr L TLERER
Twa, o) T raridt i raRL DA
WA FROTHEERIC L SEESDE R0, 70V
FANADREELE DI EPHRFE N, BEY
XY T r o QENEESF T o EEOBRE LV
KiaeEzohsd,

) 7o 1 KB OBAEARY b idpH 7R

ETE 6 OI-hica T &£ 5 48Timic B — 2 BRTA, F
OEE A~ 2 P viZpHIZ X DEL (6, I-a) Bk
EHETI33270m T H 5 25, pH 9 KL T 369nmiz > 7 b
T5, pH>TTREA~NY P AERL THEHEA Y
FABRECTHAERITRO LS CHBEN T3,
vy 7 xa T AT & 50, AREEh CpHIC
& O HEE(N), EEREE(T), 7o b o (C),
7o b vBREE (A S LTEET S, Bigah iR
TRIOABOEOEBRRIGIIE, BXAELR~D
LpH 7 AL T A & OHE KIS T, HER Y
M SRR E T A VBB TR 252, 7Y
VEALNCEF LT ) 7 o DRSS B
(R 6, [-a) i, FEKEE» 2WE LSS, pHI0

it

(6}

457

Emission Intensity
Fluorescence Intensity

o

260 320 3B0D 440 360 420 480 540 €00
Wavelength{nm)

{an
() 453

Emission Intensity
Fluorescence Intensity

260 320 380 440 :?éO 420 480 540 600
Wavelength(nm)

B 6 (DY~ U7zusREREADZYYFANVCBRELYL
TN 7y 00 () BIRE AL FLE (b) EIEANRS P
pti? -, pHE —-—- pHI10

Fig. 6 {a) Excitation spectra and (b} fluorescent spectra of
(0 umb‘:‘]lifetzone agueous solution and (I1) umbellifer-

one adsorbed on chrysotile.
pHT7 ---oomee , pH8 —-—-, pH10 —




TARZ PAOEEEREE & 7 AR P HFADIEA

T KEWHO T2 7 2 OREE (ref. 21)
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Fig.12 (a) Fluorescent micrograph and (b) phase-contrast
micrograph of calcein adsorbed airborne particles.

B 13 vy 7so i L kSR AR O (a (Il
SO EI & (o) BRI B
(532 X400

Fig.13 {a) Phase-contrast micrograph and (b} fiuorescent
micrograph of umbelliferone adsorbed airborne parti.
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Comparison of Phase Contrast Microscopy and Transmission Electron Microscopy

for the Analysis of Airborne Asbestos Fibers
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Abstract

Asbestos analyses by phase contrast microscopy (PCM) and transmission electron microscopy (TEM)
were compared. Two sample preparation methods (indirect and direct TEM analysis) were attempted for TEM
analysis. Asbestos concentration in dust sample collected on membrane filter was measured by both PCM and
TEM. The concentrations measured by indirect and direct TEM analysis were 6~14 and 4~13 times higher,
respectively, than those measured by PCM. The concentrations of single and bundle type fibers with width =
0.254m (detectable by PCM} measured by direct TEM analysis were comparable to those measured by PCM,
The advantages of direct TEM analysis are as follows: 1) easy sample preparation, 2) clear TEM image and
3) retention of original form of asbestos fiber in the sample. This work suggests that direct TEM analysis is

mote convenient than indirect TEM analysis.
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Fig. 1 Schematic diagram of sample preparation for direct TEM analysis
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Table1 Asbestos fiber concentration determined by phase contrast microscopy (PCM) and transmission electron microscopy

(indirect and direct TEM)

Sample PCM® indirect TEM®
(/0 \
Total 5&° B [0 M’ TEM (Total)/PCM  TEMI(S)/PCM  TEM(S+B)  (d=0.25,m)* {d20 25, m)*
(/0 (/0 70 (/D ({7 /PCM TEM(S+B) TEM(S+B)
(f/1) /PCM.
YA-1 118 1670 617 0462 40.8 0 14.2 5.23 13.28 562 4.76
YA-2 282 1634 23 1216 6.8 90.8 (.84 5.15 671 2.38
YA-3 117 1216 54.5 980 9.5 127 10.39 0.47 8,84 326 2.79
YA-4 255 3558 799 2215 145 3499 14.0 3.13 11.82 980 3.84
YA-5 278 2142 254 1743 72.6 72.6 0.91 7.18 B4 3.00
a: phase contrast microscopy.
b: indirect TEM analysis using transmission eldctron microscepe equipped with EDX.
c: single fiber.
d: bundle fiber,
e: cluster fiber.
f: matrix fiber.

g: d = diameter of asbestos fiber.
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Table 1 {continued)

Sample direct TEM"
Total  &° B® ce M TEM (Total) /PCM TEM(S+B) (d=0.25xm)? (d=0.254m)*#
{70 /0 (/H @D E/h ‘ /PCM TEM(S+B) TEM(S+B}
(t/1) /PCM
YA-1 1519 327 B9  76.9  BI9 12.9 7.82 268 2.44
YA-2 1115 231 558 0 327 3.95 2.80 423 1.50
YA-3 1250 212 519 57.7 462 10.68 6.25 365 3.12
YA-4 1731 76.9 1039 38.5 577 6.79 4.38 692 2.71
YA-5 1538 269 885 115 269 5.53 4.15 . 500 1.80

h: direct TEM analysis using transmission electron microscope equipped with EDX.
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Absorption Effect on Quantitative X-Ray Microanalysis of Asbestos

Fibers by Analytical Electron Microscopy
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Abstract

X-Ray absorption effect on quantitative analysis of ashestos fibers by analytical electron microscopy was
studied. X-Ray intensities of elements in various asbestos samples relative to that of 5i were measured using
transmission electron microscope equipped with energy dispersive X-ray spectrometer. Thin asbestos fibers
{diameter of 0.1 um) were damaged by incident electron beam. It was possible to calculate absorption correct-
ed intensities from the linear relationship between diameter and relative X-ray intensity. The relative X-ray
intensities of Fe and Na in anthophyllite and crocidolite, respectively, should be markedly corrected for
quantitative analysis (109 absorption correction for Fe in anthophyllite (diameter of 0.3 ym) and for Na in
crocidolite {diameter of 0.4 gm)). It was suggested that the width of ashestos fiber was lower than the
thickness.
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Fig. 1 Energy dispersive X-ray spectra of asbestos fibers
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Tablel Chemical compositions and mass

absorption coefficients of asbestos

samples.

* Chrysotile

Amosite Crocidolite  Anthophyllite Actionlite

Si0, (%) 38.10 50.53 48.84 59,50 56.81
Ti0, (%) trace 0.02

ALO, (%) 0.40 0.05 0.06 1.36 0.58
Fe, 0, (%) 2.39 1.90 19.07 1.34
Fe0(%) 1.14 35.34 19.95 .70 4.42
MnO(%) .06 1.82 0.11 trace
MgO(%) 43.26 6.34 2.32 28.20 " 20.83
Ca0{%) Co0ar 0.51 1.08 13.14
Na;0(%) 0.02 0.02 5.58 0.32%
K.0(%) 0.02 0.27 0.06

NiO(%) 0.10

Cr,0,(%) 0.05

H,0" (%) 13.67 2.32 .33 3.43 .46
H.0- (%) 0.06  ° 0.20 0.34

Total{(%) 100.04 99,93 99.76 99.19 99.90
(/o) NaKa 4429

{¢/ o) MgKe 1713 2823 3012 1824 2003
i/ 0)SiK e 1391 1310 1327 1208 1133
(i/ 0)CaKe 279
(12/ o) FeKa 54 61 59 61 84

a) Sum of Na,0O and K,0
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Table2 X-ray intensity ratios (Ix/Isi} of ashestos samples

Chrysotile Amosite

Fiber diameter

Crocidolite Anthophyllite Actinolite

{pem) Mg/Si  Fe/Si  Mg/Si  Fe/Si

Na/Si

Mg/Si  Fe/Si Mg/Si Fe/Si Ma/Si Ca/Si Fe/Si

Mean™  0.404 0.139 0.080 0.785 0.019
0.1 sp¥ 0.033 0,035 0.015 0.096 0.006
CV{%)9 8.17 25.18 18.75 12.23 31.58

0.018 }.980 0.275  0.139  0.204 0.294  0.154
0.008 3.035 0.011 0.018 ¢.026 0.051 0.026
44,44 3.57 4.00 12,95 12.75 17.35  16.88

Mean® 0.490  0.084  0.074  0.877 0.023
0.5-1.0 SD” 0.020  0.014 0.015  0.032 0.002
CV{%)® 4.08 16,67  20.27 3.65 .69

¢.020 1.036 0.285 0.210  0.222 0.338  0.092
0.002 0.014 0.002 (.005 06.004 0.010 0.009
10.00 1.35 0.70 2.38 1.80 2.96 9.78

a} Mean value of six measurements in the same region. Aquisition time of 50 sec for each measurement.

b) Standard deviation.
¢} Coefficient of variation.
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Fig. 2 Relationship between X-ray intensity ratio (I,/1s,) and diameter (D) of ashestos fiber.
Al) Chrysotile (all), A2) Chrysotile (D = 0.2x¢m),
B) Amosite, C) Crocidolite, 1) Anthophyllite, E) Actinolite.
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® 3 TARAMREOESO-HBEED LI 2RHTE
(ACR} & RUHIEASHE AR FTRE 2 ARHENS & B = O _HFRE (imit)

Table3 Absorption correction rate {ACR) for thickness and diam-
eter of ashestos fibers and upper limit of thickness and
diameter where absorption correction is applicable

D{diameter) t (thickness)

ACR® limit® ACR®  limit®

(%) (zm) (%) {grm)

Chrysotile Mg/5i 2.2 4.6 4.6 2.2
Fe/Si 14.6 0.7 16.2 0.6

Amosite Mg/Si 4.3 2.6 24.7 0.4
Fe/Si 3.7 2.3 17.9 0.6

Crocidolite Na/Si 24.4 0.4 45.9 0.2

Mg/Si 5.6 1.8 29.4 .

Fe/Si 3.3 3.0 17.8 0.6
Anthophyllite Mg/Si 2.2 4.5 10,2 1.2
Fe/Si 27.7 0.3 15.5 0.6
Actinolite Mg/Si 3.8 2.7 16.2 (.6
Ca/Si 7.1 1.4 12.9 0.8
Fe/Si 8.2 1.2 15.3 0.7

a) ACR ([b/al*100) for I} and t calculated from the linear relationship

shown in Fig. 2 and 4, respectively.

b) The upper limit of thickness and diameter where absorption correction
by Cllif-Lorimer’s equation is applicahle.
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o4 XFFHEE(x) EBEED L DBRIEEs L7 AR FOXBEEE ((Ix/Is),)
Table 4 Absorption corrected X-ray intensity ratios ((Ix/Isi),) calculated from X-ray intensity (Ix) and diameter (D} of asbestos
samples
Chrysotile Amosite Crocidolite Anthophyllite Actinolite
Mg/Si Fe/Si Mg/Si Fe/Si Na/Si Mg/Si Fe/Si Mg/Si Fe/Si Mg/Si Ca/Si  Fe/Si
Ix Mean® 0.633 0.055 0.068 0.953 0.041 0.023 0.711 0.288 0.174 0.236 0.350 ©.095
Sh» 0.046 0.024 0.023 0.117 0.020 0.014 0.194 0.017 0.043 0.010 0.037 0.016
Diameter Mean® 0.634 0.048 0.075 0.991 0,036 ¢.017 0.951 0.287 0.186 0.231 0.347 0.099
SD» 0.035 0.046 0.023 0.124 0015 ¢.009 0.069 0.015 (.045 0.003 0.033 0.014
a) The absorption corrected X-ray intensity ratio. (Ix/Isi)s, was calculated by use of following equation
(Uehara et al."): {Ix/Isi}, = (Ix/Isi)y —c(Ix} (straight line in Fig. 3, (Ix/Isi),, = measured intensity ratio).
b)Standard deviation.
¢} The absorption corrected X-ray intensity ratio,{Ix/Isi},, was calculated by use of following equation:
(Ex/Isi)y = (Ix/Isi),~b(D) (straight line in Fig. 2., (Ix/Isi), = measured intensity ratio).
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Fig. 4 Relationship between absorption correction factor

iRl EEEERERDTEIOES 285k, 0
Y FFA FOLLGHERT, 7 UV FANVDLyw/ 18
BANTH 1, EhFet &S 7 EFA b, 70K
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Table5 Concentrations of Fe and Mg obtained by chemical analysis (CA) and analytical electron micrescopy
(A-C)

Chrysotile Amaosite Crocidolite

CA&] Ab) BC} , Cd} CAB) Ah] BCJ Cd? ) CAB) Ab) Bc) Cd)

FeO® (%) 3.29 1.87 1.77 1.83 37.05 41.73 4554 37.83 37.12
MgO (%) 43.26 6.34 5.56 6.20 4.72 2.32 1.79 1.43 1.52

Anthophyllite Actinolite

CAa) Ab? B Ca CA® AP B c®

FeO? (%) 6.70 14.10 5.34 6.83 5.63 5.61 4.64 3.41
MgO (%) 28.20 30.52 34.00 28.78 20.83 25.16 27.58 Z1.Z3

a) Values obtlained by wet chemical analysis.

b} Values calculated using Cliff~Lorimer's equation without absorption correction.

¢) Ahsorption corrected values calculated using linear relationship between {Ix/Isi) and D (straight line in Fig. 2.3
d) Absorption corrected values calculated using linear relatienship between {Ix/Isi) and Ix (straight line in Fig. 3.).
e} Total Fe as FeO.
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¥E9HE ATy IFYLNA-LLARLCAE-BABLYAXALERAONE - —BUSIEH HHHE. (1879)
¥EI0E BIEPYKIZREAESRREHONE FWECKE T2 HBOIMIE - —AUSI~53EKR BRMRPE. (1979)
ME11E  Studies oh the effects of air pollutants on plants and mechanisas of phytotoxicity.(1986)
(RAFRYEORYREESLCFoMY B oMM MY 255
¥HEI28 Multielement analysis studies by flame and inductively coupled plasma spectroscopy utilizing computer
-controlled instrumentation.(1980)
(I Ea2— S HBARRENALLEZV—ABLUBEKE 7 I XTANBCLDE T RABEHN)
¥ %138 Studies on chircnomid 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.
(BENCRETZIZVADHMSE
- -1 FO-XRCAHShEIAVHIEBOSHF L TARCLEZGEERELOMR
——B2¥ FTo-TRIIRELEh Chirononinae ER Oz 2>W1WT)
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W& (1980)
HEINE KATHWEOR-— EJU#&A@%QEWLFT?Z»RZQL_Bﬂ?é%ﬁﬁﬁﬁ%“—ﬂﬂfﬂﬁfiiﬁﬁ %hu&ﬁ%ﬂ& (1980
M6 BB L -V —L ¥ - L 2RKAERABITN. (1080
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mRESE.(1980)
W H18%5 Preparation, analysis and certification of PEPPERBUSH standard reference material.(198%)
(RESRHEHTI ) a0 7 oW, 2B L UFREEHE)
XEITE RBABOERBLCHTIREWR() - -WrE(AB)OWHK - —BNE3, 545 E, (1981)
HEE RAKBRCBABLIMIZIEEWE(N ) —--SrAHBAOBE, REAXBEBICETOMAGEREREITRE - -
. BBmMG3, G4 KF . (1981)
MEEZle @Jkiﬁfbg%ﬁ{bluﬂﬂ‘faﬁ‘“ﬁﬁ%(v)——ﬁ#rﬁifilﬁ]lll@ﬁitﬁﬁﬁﬁﬁ{bt%@aﬂﬂi——ﬂﬁﬂSB 54 I8 . (1981)
HMHEIE RABROBERBLELCEIIEGHA (V) --BrHBOERROBBEEEYMERAER ~ - B M53, 54 H . (1981)
B RABROBERCCHITIESHR(M) - -WHROBERBLREBEICET2EHUAOFR - —EMNo3,4EE. (1981)
HEAE MAHOBRBLCHEIIRGMA (V) - -BXBRLSMIACRETESOERGCET 2% — — B W53, 54E0.
(1981)
KHE2E MAKEBOBERBACHTIESMA(K)~ —Nicroeyctis (BERBE)OMMBM — —BW53,04%E K. (1981)
XW2E BAKEBEOEBRRBOGCHIIBAAA(X) - ~REERERBICL D ACPOR® — — W63, 04 K. (1981)
HEBUTE BABROBEARGIHETIEAWR (M) - - REE— - BM53, 5440, (1981)
WKHE28E HAKEFFROHMYERCHETIWE - —BMo4, 5088 HHFRESE.(1981)
¥ %298 Studies on chironemid 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 sewage waters.
Part 4. Chironomidas recorded at & winter survey.
(ZBNCRET 2RV LBOHR
- —H53% HFHoBETCRHhzTVIIRYHIEHR Orthocladiinae BBy, TOooWOTAERELD
BHeonT '
——~H4H ARNOXHeoARTCREIhEZFZHEOSH LER)
MBS HECBIIERBLLFAMORBEMBICHE T A LEWOUM N - —BinG4, 008 M mE4. (1982)
HEINE XKEAERYHOR-BIUVHGEROLEFLATIREBUNTA2RBNTR - -HNEE HNFRBS. (19813
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BEHBOoRERE L AESERESOTR - - RAEB L AGEBARO Y 2 —2 23~ —BMISEE FAFHRE
#4E.(1982) .
ERERORPHA  FHFHEOHMBECHTIFN--BMSEE ByHAEE. (1982)

EEEL AL EAZOFECHMT A BAEITME.(1082)

REAHCLIZ2BRORBE -4V P FHECHMTIME - —MAMS5, 6458 HAUWARSE. (1982)
REEROSAF AR EBHETOMEICET 2R, (1982)

Preparation, analysis and certification of POND SEDIMENT certified reference material.(1982)

(RPN THER OME, AR RTFRIEM)

GHREROABHY - FEFECOHRBIIMT AW A~ - BMEFE WAFRES. (1982)
AEERPEOE — RSB0 G N T BN T AR E -~ BHUBEE HRMEHRE. (1883)
THREEOIHMEFECN T 2RI ERM R, (1982)
EROHMETHERMICHT AEBUHR. (1983)
Studies on chironomid midges of the Tama River.(1983)
Part 5. An observation on the distribution of Chironominae &long the main stream in June with
description of 15 new species.
Part 6. Deseription of species of the subfamily Orthocladiinae recovered from the main stream
in the June survey. ]
Part 7. Additional species colliected in winter from the main stream.
(BRNCRET 222N HHOFR
~-—HBER AFRCRBETILAVAHOLHICMTICAORERRAL2 AV AERCRATZISHESFOILE
——H6% FEFRLDOHREEINZTVIRVAEHNOERILOLT
——%T78H FERAFRLIVIBIESHEINEIAVARNOSHEIZIDOWT)
ARV T F v N — LRI KB -REBCYREACEEROM A - —REASPCB 2R CERERDAER
BEOWME (74— L FHE2) - - BRM4FEE HHURAPHEES.(1983)
EHWBEY, SHERLEY, BEBESOTHEERCRETEESLALICHETAHRR - - BN3~50FE BETR
BoWE . (1983)
HBREY, SREHRLESY, E4BSOL MEBACRETESLBLCMTOIWR - — BN, 60FE FHHR
e 1AM, (1983)
HRERY, CHRARLEY, ESBESOIMEBRACRETER BN T AMA - — BN, 5FE HHUHR
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AEEMAORTRECKT S 27 A8, (1983)
BESRONMAN - FETHEOMRBINT 2RA - —BASTEE HRARERE.(1984)
BEABROBERAMH LN T A2BAME(I ) - -BrBOWAAHROBZ L HE — - BROS~5TFE RUHARSE.
(1984)
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T . (1984) '
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— —Bm55~5TFE HARKEE.(1984)
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~ETHEE FRMARBE.(1984)
BB R LR T2 RaFE (V) - — S r o ERBELRROEFT LI~ —HMS~TFE N RES.
{1984) .
BAEOBAREH L H T A2RAMB(VI) - —BRBRLBH LRS- - EIMsS~5TEE HFREBE. (1984
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HEE . (1984)
BAROERBLHECRT2RAFEMV) - - BERE - —FHM5~0TEE BAMARE.(1984)
BEAHCLIABLORMNE Y UL Y RHUBT AT R - ~BOS~5TEE BUMARSESE. (1984)
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HEERYHEC LA KREBROP AL LEARARCH Y 2AR - - BHE~8FE HAUMAPHEE.(1984)
ERCBIAEIR ML EFAEOREMBCHE T 2EUNTR - —BUOGEE HAFAES.(1984)
HEARBEROEYEB N T AR - ~BHUM~6FEHE HUMARAGEE. (1984)
Studies on effects of zir pollutant mixtures on plants— —Part 1.{1984)
(MEXREEROHDIRETREE - -S| 5f)
Studies on effects of air pollutant mixtures on plants— —Part 2.(1984)
(REAXEEROHYCRETHE - - H240MH)
EM O EUEN L2 AORMEBIE T AEBOTE - —BHM~56FE HHTRESHE. (1084)
EREOTRAT L FOREESCNTAME - -WNE~TTEE HRHMNERSE. (1984)
HESHOETRELESCHTIERDTE.(1984)
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Studies on chironomid midges in lakes of the Nikko National Park.{1984)

Part I. Ecological studies on chironomids in lakes of the Nikko Naticnal Park.

Part II. Taxonomical and morphological studies on the chironomid species collected from lakes in the
Nikke National Park.

(BB LEOHBOIRYARETIME

~—%B1% HARDTLROBOILA) hOERBHFR

~-B2¥ BREULEONACERT A IV ABOAMEN, LELUFER)
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BRFREE.(1984) -

Limnological and environmental studies of elements in the sediment of Lake Biwa.(1985)

(EBHWERDPORRICBTIBXERTVRRALENTR)

A study on the behavior of menoterpens in the atmosphere.(1985)

(KERE/FARYDERIMT AHR)

ERERCABIHYE - FTHEFEOHRIM T IHA - —BMBER HRWRES.(1985)

EERBRSCE L TEFHEORS OMEBY. (1985)

Studies on the method for long tera environmental monitoring— —Research report in 1980-1982.(1985)

(REEHCL2F5RORMNE-S VLV REHRICRT 2R

BEBECBIIFRERECETFVECRT2HN - —BMNS7/08%FH WA EE, (1088)

FHEBTFEAEORED BINT AFR - - A LA 4oBEER £m 02 LT.{1985)

o RAERG MR CHET 2HEHE - — BMST~5BEE % oW aa s, (1988)

Studies on chironomid midges of some lakes in Japan.(1985) '

(EA0OMBOIAY HOTEHE)

BEEBRHERCLIRREEIAFEOHMBICHT AR - ~BMT~59FEE BT RRSGHUE. (1985)

Studies on the rate constants of free radical reactions and related spectroscopic and thermochemical

parageters. (1985)

(ZNV—ZVhHAOREEELARFORFRAFNNATA S —ICHTIHR)

GU/MSARI P AVOMBYAF LMY BRT9.(1988)

L _RERPEOAR L TOMRBEICHE T 2HE - —BM3~08FEE EES. (1986)

SHERFEORANOURABEEECA2FHEEHAOMRBICHTITXI. FHEFE-HHME Y 257 4 — ~BMSIE

B HRmARsEs.(1988)

Measuring the water quality of Lake Kasumigaura by LANDSAT remote sensing.(1986)

(LANDSATVFE—~rL v lo@my @l OKREHE) i

FaF NI AL EDEASHARECDITOERER LT -~ FREIAERICESA - VEBEE E K

MEBEES~OB2NHFOFHEPLE LT .(1986)

Economic analysis of man’s utilization of environmental resources in aquatic environments and national

park regions.(1986)

(A L2 RERBMNAOEF AN - ARBLEL A 20812 LT)

THIDOKERUAMIIHT SHE.(1986)

BFROTEATLEORBEBIN T IHE(T ) - —BRB~9ER HAMEESRE 514 Mm.(1986)

FEOIRAT I FORAEEIN T IHE(I)-—BRS~IFHE ¥IHASEHE F2 5. (1986)
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#.(1988) '
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SR WATRME. (1986) :
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FHBOMRE - -RMOA~B0ER HoTaME. (1986)

BEHARALELYEOEAES M T A EBRNAE ~ ~HUT~60FE HFAESE. (1986)

BERHRASEREHCHT 2 FHOTR. (1986)

REAMMEFE LCORA AR M ORI BT 2 X800 38, (1987)

Studies on chironomid midges in lakes of the Akan National Park.{1987)
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Application of X-ray photoelectron spectroscopy to the study of silicate minerals.(1988)
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BAREBEL L2 AANSCRT RS RV - —BARLIAFA0OFESE - —BM60~61F K HAARRH
£ .(1988)
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Studies on the chircnomid midges of lakes in Southren Hokkaido.(1988)
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Chironomidae of Japan : checklist of species recorded, key to males and taxonomic notes.(1989)
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Development of an intelligent decision support system for environmental modeling and planning.(1981)
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Man activity and aquatic enviroament—with special references to Lake Kasumigaura—Progress report in,
1976.(1977)

Studies on evajuation and amelioration of air pollution by plants—Progress report in L876-1977,{1978)
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A comparative study of adulis and immature stages of nine Japanese species of the genus Chironomus
(Diptera, Chironomidae}, (1978}

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

Studies on the photooxidation products of the alkylbenzene-nitrogen oxides system, and on their effects
on cultured cells—Research report in 1976-1977.(1978)

Man activity and aguatic 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).(i979)

Studies on the biological effects of single and combined exposure of air pollutants—Research report in
1977-1978.(1879)

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.(1879}
Studies on the.effects of air pollutants on plants and mechanisms of phytotoxicity.{1980)

Multielement analysis studies by flame and inductively coupled plasma spectroscopy utilizing comouter
-controlled imstrumentation.{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 poilution
with sewage water. .

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

Studies on the effects of organic wastes on the scil ecosystem—DProgress report in 1978-1979,(1980}

Studies on the biological effects of single and combined exposure of air pollutants—Research report in

1979. (1989} '

Remote measurement of air pellution by 2 mobile laser radar.(15%80)

[nfluence of buoyancy on fluid motions and transport processes—Meteorclogical characteristics and

atmospheric diffusion phenomena in the coastal region—Progress report in 1978-1979.(1980)

Preparation, analysis and certification of PEFPERBUSH standard reference material,(1980)

Comprehensive studies on the eutrophication of fresh-water areas—Lake current of Kasumigaura(Kishiura)-—

1978-1979.(1981)

Comprehensive studies on the eutrophication of fresh-water areas—Gecmorphological and hydrometeorologi-

cal characteristics of Kasumigaura watershed as related to the lake environment—1978-1979.(198()

Comprehensive studies on the eutrophication of fresh-water areas—Variation of pollutant load by

influent rivers to lake Xasumigaura— 1978-1973.(1981)

Comprehensive studies on the eutrophication of fresk-water areas—Structure of ecosystem and standing

crops in Lake Kasumigaura-—1978-1979.(1981)

Comprehensive studies on the eutrophication of fresh-water areas—Applicability of trophic state indices

for lakes—1978-1979.(1981)

Conprehensive studies on the eutrophication of fresh-water areas-—Quantitative analysis of

eutrophication effects on main utilization of lake water resources-—1978-1979.(1981)

Comprehensive studies on the eutrophication of {resh-water areas—Growth characteristics of Blue-Green

Algee, Mycrocystis—1978-197%.(1981) ’

Comprehensive studies on the eutrophication of fresh-water 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 pellutant mixtures on plants-—Progress report in 1979-1980.(1981)

Studies an chironomid midgas of the Tama River.{1981)

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

Part 4. Chircnomidae recorded at a winter survey.

Eutrophication and red tides in the coastal marine environment-—Progress report in 1979-1980.(1982)

Studies on the biclogical effects of single and combined exposurs of air pollutants—Research report in
1980.(1981) :

Starting with Report Ko.3, the series title was changed.
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Smog chamber studies or photochemical reactions of hydrocarben-nitrogen oxides system—Progress report
in 1979—Research on the photochemical secondary pollutants formation mechanism in the environmental
atmosphere (Part [},(1982)
Meteorological characteristics and atmospheric diffusicn phenomena in the coastal region— Simulation of
atmospheric motions and diffusion processes—Progress report in 1380.(1982)
The development and evaluation of remote measurement methods for environmental poliution-—Research
report in 1980.{1982)
Conprehensive evaluation of environmental impacts of road and traffic. (1582}
Studies on the method for leng term environmental menitoring—Progress report in 1980-198{.(1982)
Study on supporting technology for systems analysis of environmental policy—The Evaluation Labolatory
of Man-Environment Systems.(1982)
Preparation, analysis and certification of POND SEDIMENT certified reference material.(1982)
The developnent and evaluation of remote measurement metheds for environmental pollution—Research
report in 1981.(1983)
Studies on the biologicai effects of single and combined exposure of air pollutants—THesearch report in
1981.(1983)
Statistical studies on methods of measurement and evaluation of chemical condition of soil—with special
reference to heavy metals—.(1983)
Experimeta]l studies on the physical properties of mud and the characteristics of mud transportation.
{1983)
$tudies on chircnomig midges of the Tama River.(1983)
Part 5. An cbservation on the distribution of Chironominae along the main stream in June, with
description of 1% new species.
Part 6. Description of species of the subfamily Orthcladiinae recovered from the main stream in
the June survey.
Part 7. Additional species collected in winter from the main stirean.
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
atomosphere(Part 2).(1983)
Studies on the effect of organic wastes on the soil ecosystem—(QOutlines of special research project-—
1978-1980.(1983)
‘Studies on the effect of organic wastes on the soil ecosystem—Research report in 1979-1980,Part 1.{1983)
Studies on the effect of organic wastes on the soil ecosystem—Research report in 1979-1880,Part 2.(1983)
Study on optimal allocation of water quality monitoring points.{1983}
The development and evaluation of remote measurement method for environmental pollution--Research report
in 1982.{1984)
Comprehensive studies on the eutrophication control of freshwaters—Estimation of input loading of Lake
Kasumigaura—1980-1982.(1284)
Comprehensive studies on the eutrophication control of freshwaters— The function of the ecosystem and
significance of sediment in nutrient cycle in Lake Kasumigaura- 1980-1982.(1984)
Comprehensive studies on the eutrophication control of freshwaters—Enclosure experiments for
restoration of highly eutrophic shallow Lake Kasumigaura- 1980-1982.{1984)
Comprehensive studies on the eutrophication control of freshwaters— Seasonal changes of the biomass of
fishes and crustacia in Lake Kasumigaura—1980-1982.(1984)
Comprehensive studies on the eutrophication control of freshwaters—Hodeling the eutrophication of Lake
Kasumigaura— 1980-1882, (1984) :
Comprehensive studies on the eutrophication control of freshwaters— Heasuraes for sutrophication control —
1980-1982.(1984)
Copprehensive studies on the eutrophication control of freshwaters— Eutrophication in Lake Yunoko-—
1980-1982, (1984}
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