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FEDRELI D7 INODOEVWICER 28 %185 /2%ic, Bangkok Chest Clinic ic B X
NTVIRMEBENOEENE LB Lo BHEE & LT, fE¥45M4. Patient’s delay,
Doctor’s delay, Community support %, 36HHHE&E Lz, BEOE T A, M0ZDBE (2145
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NYROZOERBICER LTV S, HEBEIEBTHRETAIE, HEBVATREL, L
L, SEOEED, XoBW, LirbEREF R/ MERFECHBCBSTWERES
BEVEVDH - T, —EREIGICKHS &, TGO RHEP ST LoEPT . BEEOHMH
EREZELPT O,

19894 12 -¥ ) D HAREREAFH TN THAE LR Tl IHFI634EHE i< [FIfEERAELD
Foo IR EOMHEIRIE (BHRDT5%) T, WTh LIEFIHERETER TS - 7o,
REHZIN T OVBENTEA S HYS 5 b0 L HEsh B,

W E L TR, SHERECHMO AAABFORIGORE, WBIMRBR ORI, EEHEHAEFD
WEE b, RETFHOLEWARBES N B,

(—8 % BABM HARIRIEF SRR R O A A NR A M 37 (6) 418-424, 1990481R)

21, HM | LT 3R/ETINIT /IR

% B i - Sasitorn Taptagaporn* [k ¥ EH X'*-&x W B

CHAERERA - AREE, EEEK - BEL CREEBLTFER
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TAHEE, Br0ERRREDODR T, in vitro & in vivo B E BICAREICE - TV 3
AR TH S, AT, ZR « HAFWEIC L 5= v < > PRI A5
OHERHEE NS _2OHETHEST 3 &, in vitro TS in vivo THREBOFEHSFE LT
HhiE, [FISEE Ok OABAHEITRENSE T EERD TV A, FlEkvT, RE3HHE
® DNA EEX (ER -« BAEYE) ko0 T, £flofiEfEic o W IkieEiT->TW 5,

33. |ILKERIC K BMEMEDFHE
— B=HIET —
= & IE =% H B B-R A § B CEHR B

(EEEOELKBEEOR G T2 itk b, H5HOMB~ Y AICHKIUELEFEYTE S
(Exp. Anim. 39,597,1990), {LZEMHEHIC & > TEES N B 7T LA ¥ - P HERE R ZEZHE
BE OB A TR — i BB I B5 T 2 27 5 2 TMBEATIR -0 EETH B LINT
WBH, Fka ORER S ERIGRY Y R ICHET 7 5 A THEESTRIZED s, Th
AN REE R EIE L TV 3 METHEET AHHEENRB S e, £ TRRIER EBR
GRERE L. £OF 1. F2. F 1 LERGRLO S E LREMEIZ - W THEIKSRITH 3
BREEMARR LLECA, ISHRBETH Y. RIGHEEXET 2 8EFIZ2 20 EH5 T
EHRBE N, BHES O BENETZEITL TV 5,

4, ETOFEENOT V{LEPOREELEEREE
#FH — BF & B - BHE —

Xy Y sme)F (BTC) @, b FRUBYNCREEESS D, RETRREMFYVESE—
BiclsEsh TV 505, BICHEMELAMC b REHEET 2008550 TEN 5 DERRH
% Salmonella typhimurium 12 &£ % 7L — METHEN, RBEE S oMEEEABRE L, v
foAb&¥nRE b~ v ¥ (BYC). b~y (BAC), BTC, ik~ 1 (BOC). O-
sma~xyyrY)say K (OCBTC), P-7ou~xy/+Ysuyk (PCBTC), O,P-¥7 u
axyyhr)soYy F (DCBTC) D THETH 5,

N5 il SDNAEEG BRI OERFYE TH D . DCBTCLUANFRETERALZE LS
ot BRERMIE 1 mg24 0 10,0008, Lo h 3 D WEREARER o =—HE R L cYPHEEB
TC. PCBTC, OCBTCT. 10,000~1,0000 & ®IZBACT., LA ZL,000LIFTH 70 £
D & DJEF BTC>0CBTC>PCBTC>BAC>BYC>BOC>DCBTCT & b\ LARNICIT -
XY R, 7y P TORERMPED, RAKBRTOREM O S 3, BIC>PCBTC>BAC>
BOC>BYC>OCBTC>DCBTCC® b OCBTC% R i i3 1@ Fefiat & R RIAME & iz HHEY
BB i,

35, FEK= ro{tEYoESEEM
P & % #-F HE —-F B — B
FEHR= b oS ERE, EEEoiEP/bERMEE LTESERshTEY, 20K



il

ERLHENZ VL, Il NoFUEDOL 2O bDIF, BWEERMEET 5 LAHES
NTVWBHE, ThOOREBRIRANTH 0T, 205> bOEFOYUHIC> LW TORBHEER
Heain, BEEEREREBIN -/, #BRYWHEIM-Y = oy ¥ ¥ (m-DNB). p-
Y=tuaxv¥y (pDNB) 1,35V =ruRvyE¥ (INB), m-=boxRryNsm 354
F (m-NBC)\ p-=bax¥Insas54F (p-NBC), 35-Y=troxvInsasfF (D
NBC) @ 6T, 2~800mg/kg% ¥ 7 RICRHERZ M =E 5 [B] 8 BREIEAM LE#MR L 2o m-. p-D
NBRUTNBTiEm-DNBIZGWRLHAMSR S h, BOMMEMEZE, BREO* 70— ¥ 2
DRE» 5 tc, p-DNB. TNBic $BEOMEFMEER L oA, FEIEC IR icE/LiZEh-
2o m-. p-NBCRUDNBCTRIECHIZR S 1Eh - fo 3Rl O SIEMZE(LIZH . FTHm-
NBCi3 VBRI =M L. M. BOomMERELR. [SEXABEXZZELTVED85 -
foo TOEEERTEIFENH RO, Y= boxv ¥y IEFHRINAAE CEHiEbHEL
TEBHOENTVEY, MERMIC L > TERSEL Om-DNBIZ#EESEETR L . AERE
RE L TREBEEBORMREZITITETH 5,

36. BEI/ DT TS TERWCRPOFRBFNOKEYMOREE— 2
& H B A H-5 H & A
A BB B85 Il & 2 B £ B

AR EHEFICE B E . EHREZHEFOHEHOUEIC L > THET A LT M ) 7
ooIFLY, FhI7umzFLy, L LI-b) 2oy v ORGPEERBEYTH S b
)7 ool (TCA)., N Zuwoxd/—vyvyo stk (TCE-G) BLURBED
MERETHZ 7 LT F =V 2EKIKHIET 2 LE2EWL LTiTbi, LbLZ LT F=
YERLETCAOE L Sip—ABHlbE W 2, TCALTCE-GOEEHIE I B AR » THHE
ST BREEFRKD I,

Pl 7oazF Ly EETRS LSy bOFREHCTEARZEZ ST Lo, RR%E
2~1 plEALABICTCAELTCE-GIZ I IEAMEE M, ThLORTETCAOE — 27 ~DORf
DOE—7 DFHHBREDL >/, 2 plEALLTCADEEYH IIBEIO1043D 1 TH 310
ng/1% THIE T & TCE-GOEMEYHE 1350mg/1% THIE TE 7z (B LTCE-GOEEYE 34 HTFE
ZTERLOTHENS LBV A, MENCLAEEL TOWRVWOTE DI 2 WV TR
2ET 5,

SBOERTREZ-bVWEA L PADIGHETE - TLERZWVWERS,

37. 5y PRAELV{EEVOHREER
% B ok B-4 E B -HE B R —Il B E &
CHEER - BrAF0)

Bl DY BEBBEED A 77 BEILB T 52 L vORAREL O, ADEL vizk 375
OEEEHEL SN, EYT=5 ) v 7 icBT 3EBS (BEI Committee + ACGIH) i
WTIE, 2L Y OEMFNRBEEELLT I AFVEL S/, =9 sl F vOFESBRETENT
W3, LXESy bicHEELVEEF P YA, a9{bkb Y AFAEL S = A, L /-DL-
AF A= EEREAERES (1ngSe/kg) L. 24B5[IR%E 5 HICHO /- 0L 720 RIEZEA £
v RIS Dowexb0W-X 4 2V THE L, &2V YESOHEEHE N €L VL&Y
HRIDRTIREHIEI: ABCDE OE2OE— 2 #BH LN, EbitBF B4y — v &E—F
LT ®, B AREA & 358#ils AG1 X8 BLUBEE TLC ik T L vBE e L
YBESUSESOLPD, BOCK TLCIRED PV AFNELV, =vhg4 5y (TMSe) TH3
Tehibhot, BBEEEN L Y RES S, 5 HET0~60%H, Lrd, TOREALR
ARMLIAIc Rt S h, ETRIULUTFLORVWEEE L7, L L, it L v o b
BEANOE L AEEMERE L THT0%LIED TMSe THAZ b2k, L v {bE
WABRBREOES, EEALIRER TMSe & LTHittsh, ¥—27 23 HETHHEICED
b5 Edb, R TMSe ORIEREYFPHIRBIREL LTAEMEEALLN B,

(1) HAbZLHIERES (1991, 3A) Rx

38. ERI{LRILKFBH OEMEFMCEET BHR
A M g BE-5 H & A-& H H-fE B kt B

PV ZvoxzFry (TCE)sF b3 2umzFLrysdrooxrdyy (DCM) HEDERE
{bRAbkREA O, BB & OF L WEHEEORZO—B] & LT, MR KRB
DOFFEME O & HFEERELS LTold ) #&H (Lipoproteins) OZE(LIc>WTRETL T
Wa,

SEBRESCMA TERRBROREERE L, MEIRFEORZE ICLY, VLDL -
LDL « HDL %5 & D ) #EZEASE IR W bEdD Lz, VLDL ORA I3F2 5 © VLDL 43 il
DRDICLBSDTHET LRSI NI, ) REAOE(LIE. GPT BEHL L 0E/BA SN
RBEREOHENO—ORBRE THESN, CONFETRIFEESEROMINNS SH
% EHICBRRLISE M L, Mtk ) REEOZE(LAITFREOFmRERETH 2 HIRE M,
TCE ® DOM ORBETH. (EBERET VLDL © LDL BHIL. SEERETIA50 Y
FEARED L, —FHFRIEAR L, 8V REH (VLDL+LDL) oimde b GEFUE



¥5) THHESh TV, TCE B EOHEREARBEICEL D, VLDL 5 5 LDL ~DZHIB
2 LDL OF~OW Y AAZBIEL &0 ) REHRBMOELOBIEIC O W TEICRI T 2 HE
idb B,

(23rd Int. Congress on Occupational Health, Montreal, 1990 Abstracts p.582)

(6AE| HASEREE e, #H, 1991, E5%  303p.)

(Ind. Health, 28 (4), 159-174, 1990)

39. EXEFETVHOPRMESEOHRE
A B g B-2 )l & 2

% { OABEFETHRMEEREE L.  OFER ZBREER PIE « W - FHERZ L OfE
RELTHN S, AREEAIC K 20RMEIWERZFM L. 50BN 24EELE LTS
NibORREH LN TRV, Ba iR, £ OFREHIC>LT, EREMEEZMD L L
1% OMAMEOELERFT L TE ke 20 TR T EF VT ) ¥ OEDE  OFREH
KHBLTHED, MV YEORFIRBICLY Sy PORMATEF V) YRBOE(LT ST
LIRERERINCRLTE T,

EEFZEOE LWH~<A 70547 ) 2 (Brain Microdialysis) O8#iZIGHA LT, TP
MD—Two Probe Microdialysis—#:Z2B% L, B{bx FrodhEiEEkOMRCERL T
Efo BAER. 170847 ) v R%, BRIEFICLIMAT 713 ) v OE[LORE I
BHALTVWS, 59 FORICEDAATERA 70 ¥4 7)) YR7o—-7ic X HHTEH O Z v
FORD LY YT v S BMBOTRF LY Y ERIET B L BEMEROERE
ZEHELTVWS, COERMKRICED 7TEF o) YEIANOHREENE KoY YR E 6
FICHIETREE 02 RAAATH B, MR F¥ I vREMORTEIZ HAARETS » 7eds, Ko
I VEEOHIEKR BRENAEDTH-7DOTy CORBRLIVERLE ORHRZRBB I &
Hirstisk 5,

(Neurotoxicol. Teratol., 13 (1), 1-4, 1991)

40. EEVEHOEKRCEOTEEEFENHE ;
Sy bDA—Fv7 4 —NEfTHEIICOWT (1)
g R ZFA MR B-K& B X B¢ B =
THEELTHEERBRICB VTV O EBMEEE LTHVWOWTE A -7 v 7 1 —

VEITEIC 2 WT, EF A ERRRITEEIC & 3 TEMr PREARIC L AREOEMEE. K
Efic bvxz v 0 ERMERRES R 75 v F 2V THIHN,

74— NWVFATDS v b OITEEEHKLICEBRZ I Y Ea -5 —THiTT 3 &Itk Y, &
FICHV SN T E LBBITHROMIC, BEIEE., SIENE. BB . BB
EIERDOFEE L 5, SRIOHIETHEROBEITE OEE 3BBEITERC L iTE#E
WL LAZEMTH B EWRENI, Ty 2 Y Ea— 9 TR L EAHIIRIKESERIC L
0., MIEEEOFAUEAZS R TREERTI C LT, BHTHRSSHZEOKE LTE
b3 LAREH, VHWAEEHOBRENIEEL VS R LT, FRAIMRESE (K8
RIEDEEEZZEZ 2 C LT ERMICELI -2 EETEE) O I BNREEAFRSH
MIEFRELDHIBEMREIN, b VIEBEBRHTEHR AN &0, BEAMN
KL AR LEOMICHEFHEZRD B EBTE R 21,

Gk« 5 4 DIE BRI TR R 23 P E)

4. FEDEOEGEEOTHEEENHE ;
Z v b OREHREREETE 2 e LRI (3)
BN F o Z2«F M & -6 B Xt B¢ H HE

EEREEYE L RETERWE S PR R O SR EEIC RIE TR E A BT T 3 HEi0—o &
LT TREHRKEE S & H O 1B O BB c DLW TR LTV B, WEEED S
3. 8&KDT—ath4KTORIMEESLA B Lick- T, 5 (B TEEELSHE (B
) EEAE~NOEEESE L THEST 3 HEZzHOTBREOREEZHFTL 5,

BRI b vz v O ARG IREE A 2 BRI ETIEE T 25 v M id. EEA~0FIE
BECHHOFEER TREHHOETHEAD Sh s, HHlE L oficiEeRicikET 5
LEOLNBZERZRDOLNLL T, 1 BEOIORK. AFEicH L CEERREERITERY
NS ERETCEMNMONTVARIES I v2RE5LLECAH, BEBTRAIRT 3 v
KT BEEMHMSET LTV 5 T LAURSh, BN TREEEOFESTRE N, SR
RRBERRA EOME L EYAFNIC X ZNECEEM., A ERTHEELELS,

(R« % 4 DEEMERETIT BT E)



42, BEMEOEGREOTHERFNFE ;
HHETEREREE LTS v 7 AR YV a—
= JIl 7= Z-+J.D.Farmer* * R.C.MacPhail* (*>REEPARREREWIR)
RS THBERRI B D CREEOBIER 7 ¥ 2 — VFTO+ <5 ¥ b 7Hbsah
LTEGBIBESAVWSRTETED, ChRBEEICEID L - TEORTRIEIC B X139 24,
HEVOREZERMCHET 2 45EL LTELFfish TV, —HEMEEET & ORME
HHERBIEOREM O /o ORI EH T oS | THEEAROcHOFEL LTEL
BoFTLOBBERLOTREL 2/, £T T —BOBEREGHEEE LT, BB IcER
st (FR) &fiRIGa(t (DRO) 2Bk (TO) 2EA THBFIHM T LIt AhEDL SR
HRAF Y a—WEER L, BHEREERE~OFEIERE (cognitive measure) & BISTTEIZRTT
BEE~OEEIRIE (performance measure) %[ERFICEHRT 2 T &2 AT,
5y b REBNASICEERELYE TOLERTR Y Y2 —LEEB L, 23X5 1V &d
TY7 =43 vORSKROHUETIR. BECREE L ZTRICE LI THEL SR L TR
BB T2 L8 TE AL EMRSh, BEERREL LToFMES RSN,
(% - 54 OEEMEEETHEESETE)

43, BEVEOEFEEDITEFTEFZHNHE ;
=X A b OITEIREREC B 3 hIRIER & REER O SEERIEDRES (1)
= JIl % Z+JD.Farmer*+R.C.MacPhail* (*>XEEPA@EEEHIZH)
FTEEEER R HEROBREFRERR L ZEZL Sh TV 305, THESPRIERZR
BL7:bOhRMERERBLZbDTH 20 EHETRZV, ChEBET 2L L LT,
2ARF T VRERBC LD ITHHEEERE L7y P EBEEO Sy rEHVTHAY ¥ 2
255 —CEREE T N — 2 A FREY (A, TofEd— 74 SRFFIY)
DmutFRFIZ 7 Y2 — AV FTD Iy PO LA—LRGCB LB THEEZAEL 2o 34 2
FLIVREFTY) vy RF 5 - EEHERT 30, PRABITETRBEEHOA %2R T DT,
BonfiMEIRBERCNTE60THY, > TEEA -2 4 FBPRIFADOSE 5T
FREEAZ LB TTEEbET 2RI LTVWE0THNE, BET v b EOBIKENE LN
BRITTHSB, AN, FoREd—, 74 VRFF I vRE Ik R BEIRORE
Tl #F2F 7 vitES o b EEES v FORlICERED 50T, ThoOEHOITEIRE
WMBELE L THRED DO TH SRMEHARB I Nich, 24 2F 7 3 v OMRE—HHESHHI
W BRIBAEFA P, KM TOMEEA H =X AICOVWTOREBUELEL S5,

44, FYSOINIFLEKIEHHREN
S MR, BEE, LR RECBIETREE
H B OEAE-m K E
b yarzF Ly (TRD OFRHER, LE. c 32 v ¥F-RERCBIETHELES
WEO—BE LT, M. HER. OERERE Y — I 25y —2EENICEDIAALKE T »
MTRIZRZARERE L. BBP LR TROMBY., RE, O3, &iEics L& T TRIEH
REOEHAERN Ui, BRI IMERE & HERENED Y7 — 222 P VETICE > T
B L7, SEERE (23000ppm) &I 6 HEHLIA O 2 B0 7 —EOET
BEEsN, EENEEEERE (£1000ppm) TRET Uid, BHEETHRICIIHEME
AR LIz, BEEREBETERICIEESIGE S W, MABRREBTCERBERETRE
TL., BBERETR LR L, RELTRCIFEHNZETERMRE SN, ERFRES
BERBRIc—BHEICET Lch, BBEETRICEELRED Shith -, BlLEofRick
D, BEEEBETREBRRICHERE L OERET 28 E 7 5 PRBERIFERER T, BB
EREETREERMEOHE & —BHEKE (OHKRETLEV) OMBRELRFHEIL, 2
T T 1R I RHGE AT 73 TR K R RN IRE AR A BR L 72
(B6AEI H A RMEFS I TRE, #HE p.209)

45, X FIVKIRDBEMECHE L (FTRE
5 B OEAEem OB OE B-F B OB M

BHKEREICB T 5 BEBERE T s ERPEFAMA L LT, KK, HEX. 08
SIRE MRS & O MR & EEARRAER Y — 3 2 4 & v — 2 A & ERER I BRI B
AARET v FERVT, A FAKRPEORBEBEICE T 20 EFEERLENCOY —H T 1
TR BLIETHEL X UEHRORER —HEE OMBEERI L, 2 FUKBERSRI
15mg/keg/day X 2 days. BAMMPIKEEREILRE%E L BETH0ueg/geTH B, A F VKB
B0 & EREREoXIRE LT, BR5HEED S#E 4 B OO S FRHIEZ
AR HI40 HISERE L 1= STRBME & B L T, DS ERIc—ENIc ERT 56, £
DOBRFFHINEVMEER Ul DEEUE T BREHIICERE Th - /oo RGHRABBET, BEO
TTE AR A B 3 2 R i3 R AR & & & ORGSR IR E L ~ovic[EIfR U o B
L FERERIESERD> SARGETZR L. BHOETHEE T - 1o, MAR 3O
EfE#IC BV TEBERSE MEE LR L. BEMRS 0B cEEOK L IEED Shidh -
fzo A FIKERIC & A KA GEROMA 2 VT FLF ) R E OBSESTRE S hi,

(Symposium on Advances in Mercury Toxicology. Aug. 1-3, 1990)



46. [KEZREFIS v MERA= v T IV EBOE{L
R OH ¥ F-FX B = H-F H X
woK B KR B 8B IL-ARH A A&

FESFRE IR b= v r vz 7o Vv 0 5 HiE&E (FIENiR0.8-0.9ng/m, 2-5Hi3. 0.2-
0.25mg/od 1 H 5B itk - T, HHMELL 5 » POSKEIRERZRIES® 5 T LTk
Lfce TOF v b OEANIEHERE SMHEGHEE L OMGREFA~NZHN T, REBETHRL, 4.
7. l4H#R T, SUESCREE, WREES S ILd > offi. B, AR & Mm% JaL ., BRI,
7 L— AL RRFEOEEIC L Y NIOER%E Ui,

A PINIR 35 b5 1 HiBiT, 2.39ug/BERe T, 20BI4EEE CIZ0.15 uglcid
L7z sxiie (Btppb) 1< e~ db0fE@Ed - 7o BTIR0.16ugh 50.03 ugici b L, B o 3
fEREETH -7 MIKTIZ 1 HE0.0l pgkEhicE Wi, 4 HUBEEREEDL ST, b
BIFEETH - 7=, ;

fiPaNifR (3 2 B I BREE 1 HER D 6 GRRREITRD L, BIATICH T8 » 2 Nifg{t# & = —
LI, 20T v ARPEDHEL, BhoBHIcHHEh s EEL o0, Bit=y 7
T TRE LR OMRE ERICE VAR S MR~ AERT 505, HE LROBRE
A Lds EEC ., ZOERRERNTS 5, LIS OERIT 3B L v T2
T,

4. [EZREFINS v FCHTEINO. REOHE — HREZNREER

B ®E F-FA H X M -F H S

AfREH A AW I B # R N BoF

MoE IE B -f L ok T CEVARGER
FERIERD S 2 ) 2 7 B3 25 ERRBO BB E L5 i, BiEEICHR
LEKEXRKETF VT v b EHOVT NOBRBEEIT > 7o NORE L ELFNERE L ARE
HEBEAsHY L, RERRZEETSHEY L1,
0.5ppm B XU 5ppm @ NO. I 3 HAL13HMREL T, WEOBRBEEB LD LS
BB EA Bt LR 1, NO.Z2BIEEKRER ., BE,rcoREREEB ¢
b, 2. EXEX. PERIEZABICHEM U 7oAk NO.RE T TRt L 72 b8. #
[SEXARTREEIGP 7, 3. [ELEOERPHEZOMNLL L, NO.REDOATS
FET B, L0ERLTHbN, 4, fila~27 07 7 — VOZEHEPHEEME~DE
IEMfaREZ RS 2R ZR Uiz, 5. MilaE < HiHaBE o SAERET CHERE U 7o Bhiae 2l
& B LA R T 2D H - /oo AKBROFER T, [EXKPEIS & OFHREREHED

& AEE TR LTid. ACGIH @ TLV T% 3 3ppm BBELITO NO.BETH. HEOMEE
EEEEDFREEE IR L foo
(— BN EARFRELAER., BRAARERFERERTE)

48. NOxDREEFEICETIHE — NOREJ » b IlOREANRE
H OB OE F-F B OB oA B R MK
FOH EFEd -A#/H A R oA L B OB
ol @oFem B OfE B -8 L X - CEVAREER
IAERTIR THBHEER A R 2 ERRERE T 5 NO. OEBEF Y & » 8 HEEAZEME#R
BOBRPICHELREFLTLAAHREEMR STV 5, NO.ORAKBIIEL fTHEb N
TEfH, EBERC L 2EE,. REIYEPREOEREL S, BRERZEOHKEILTL
bIEA—BE T, AND ) R 7 FEEICHIE & 1S - Tz, BHEEAEMERERICT 2 ) 22
Tl % 35 T 73 S fodic, (EBIRE NORADOR—RIGEFREZHO»IcT 5 L EHBME LT,
4 » OB HiE% THEI120.5ppmNO. @ 3 7 A REIC & 3 M OREMREEIT U,
Wistar-Jcl B35 » b 108# <7\ L. NO.#EE, 0ppm, 0.5ppm. 5ppm T1 & AXiF 3
R RE L. SEL0CO S 2 RERER L, ZOME, 0.5ppm TRE, CHEED
BiEbid 2 & OOMBICENH M HEEN L EZRIBD SN, >7, Sppm TR 1 AkicHt
RHEINTELEPREEZA LD, ITHRICBFERIs SIc#R LI,
CORBREREIC, BEEEEMEECD LOTHAEMESERLOEF VT v FiTHLTD
NO. RBOEEEZBRINT 52 TFETH 5,
(EREARERFELFERTIE)
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N B R
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Pl EicRARZD, BEHM ELhoc bbb, FIAR 2 — 7 PR OffiH A BB
R ELBEINT, BRODIERIB oD -, TORIER HEE L /o0 C:EWHAE
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RoHFEEEMGETTH 5, BITITROEHHSE T L. FAEMFEDI0%. #3,70080R T2
WA AT Ui, SEIcE 1T 2BEEE L BABBRL L OMFEEFTT 2 TETH %,
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F O & WHed N B E-H H B

bHEC BT B/ MIEAEEE B OBBEKEIC DV THRETT 3 o, BfI6IEERERATES
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(640 0 AREEMEF S THRR)
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An attempt to measure catecholamines in human saliva +reesereererenen.. 7
Ayako Sudo

. Analysis of corticosteroids in biological fluids by high-performance

liquid chromatography with fluorometric detection (5)
Stability of oorticosterone in rat urine ................................................... 7
Ayako Sudo

. Urinary excretion of catecholamines and corticosterone in the rat

under stressful situations (1)
Repeated immobilization iR B LT T TR e P N 8
Ayako Sudo

. Urinary excretion of catecholamines and corticosterone in the rat

under stressful situations (2)
Non-specificity of hormonal responses to stresges —«:rsresererresrrmemimnn .. 8
Ayako Sudo

. Urinary excretion of catecholamines and corticosterone in the rat

under stressful situations (3)
Comparison between SHR and WKY ......................................................... 9
Avyako Sudo

. Emotions and stress hormones (1)

Changes in self-rated scores of emotions and stress

hormone levels during an anagram task in college students s+res+sssrermsrmniiins 9
Ayako Sudo, Naomi Yatomi* and Eiichi Kamimura * *
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3. Collected Abstracts from the Publications in 1990

1 Ayako SUDO
Analysis of Corticosterone in Rat Urine by High-Performance
Ligquid Choromatography and Fluorimetry using Post-Column
Reaction with Sulphric Acid
J. Chromatogr., 528, 453-458, 1990

Summary A sensitive and specific high-performance liquid chromatographic
(HPLC) method for the determination of free corticosterone in rat urine is described.
The method consists of extraction with dichloromethane, separation by HPLC, and
detection by fluorometry with post-column sulfuric acid reaction. Tetrahydrocorticosterone
was used as an internal standard for correction of recovery throughout the procedure.
The lower limit of detection for corticosterone was about 0.5 pmol and the analytical
recovery was 100.4% with a coefficient of variation of 3.2% (N=28). The values obtained
by this method are in good agreement with those reported previously. This method of
corticosteroid analysis would be valuable for endocrinclogical studies of stress and
biological rhythms.

Department of Industrial Physiology,
National Institute of Industrial Health

2 Toshio KAKIZAKI
Transient Lowering of Mental Activity during Performance
of a Mental Task
Ind. Health, 28, 85-96, 1990

Summary To objectively detect the lowering in mental activity during mental
tasks, twenty-five male students were given the calculating tasks of adding or subtracting
two 2-digit numbers at three grades of task load for 1 hr each.

At any task load there was little variation in the percentage of correct responses in
successive 5-min periods. There was no difference among the three task loads in the
mood states of stress or arousal rated at the end of the task. Among the six bands in
eight leads the amplitude of the beta-2 band in the Oz-A: lead (Qz B:) showed the
greatest fall corresponding to a drowsy state in one subject. It was judged from this
pattern that mental activity might decrease sporadically in half of the subjects,
irrespective of the task load. The mean Oz B: amplitudes for all the task loads
decreased with work time.

Department of Industrial Physiology,
National Institute of Industrial Health

8  Heihachiro ARITOV and Mitsugu OGURI®
Contingent Negative Variation and Reaction Time of
Physically-trained Subjects in Simple and Discriminative Tasks
Industrial Health, Vol. 28, 97-106, 1990

Summary Contingent negative variations (CNV) were recorded during the S1-S2
interval of two simple and one discriminative task at Fz, Cz and Pz of 12 physically-
trained college athletes and 12 non-trained students. The reaction time to S2 was also
measured. The whole mean CNV amplitude averaged over the 2 sec S1-S2 interval and
the segmented CNV amplitudes of the 250 msec epochs were submitted to 4-way ANOVA
(physical training Xtask Xelectrode position X gender), while the mean reaction time was
analyzed by 3-way ANOVA. The whole mean CNV amplitude and all the segmented
CNV amplitudes were greater in the physically-trained group than in the non-trained
group. In all tasks the mean reaction times of the physically-trained group were
significantly shorter than those of the non-trained group.  The main effect of gender
was not statistically significant with respect to the CNV amplitudes and the mean
reaction time. The increased CNV amplitude and the shortened reaction time of the
physically-trained group were discussed in relation to the reported psychophysiological
correlates of CNV. The present study shows that CNV provides a technique of possible
value for assessing attention and motor preparation of workers engaged in vigilance tasks.

1) National Institute of Industrial Health

2I-1, Nagao 6-chome, Tama-ku, Kawasaki 214, Japan
2) Faculty of Science, Toho University

2-2-1, Miyama, Funabashi 271, Japan

4 Ryoko MARUYAMA® and Yasuichiro FUKUDA**
Carotid Chemoreceptor Discharge in the Rat
Advences in the Biosciences Vol. 79 Control of Breathing and Dyspnea
Edited by. T.Takishima, N.S.Cherniack, Pergamon Press. P.147-149 199]

Summary Carotid chemoreceptor discharge response to various chemical stimuli
were studied in the urethane-anesthetized, vagotomized, artificially ventilated rat. The
mean carotid sinus nerve (CSN) discharge and amplitude of oscillation synchronized
with the phase of artificial respiration increased gradually as end-tidal Po: was decreased
from a hyperoxic to hypoxic level at a maintained end-tidal Pco: . Hypercapnia,
however, did not increase the CSN discharge in both background hyperoxic and hypoxic
conditions indicating no CO.-hypoxia interaction at the chemoreceptor site. Intra-carotid
artery injections solution containing H*, K* or Acetylcoline (ACh) induced chemoreceptor
activation.  The results indicated that the rat carotid chemoreceptor responses to hypoxia
or hypercapnia and their interaction differ significantly from those reported on the cat.

*Department of Industrial Physiology, National Instiute
of Industrial Health



6-21-1, Nagao, Tama-ku, Kawasakt 214, Japan
** Department of Physiology II, School of Medicine, Chiba
University, 1-8-1 Inohana, Chiba 280, Japan

5 Ryoko MARUYAMA®* and Yasuichoro FUKUD W?

Hypoxic Ventilatory Depression
Annual Review of Respiration, 1990, Edited by Y.Ohta, K.Suwa,

T Horie and H.Yoshimura Cyuugaiigakusha Tokyo, 83-90, 1990

Summary Acute systemic hypoxia initiates ventilatory stimulation through
activation of the peripheral arterial chemoreceptors. Hypoxia, however, simultaneously
inhibits the respiratory regulating complex in the lower brain stem. Involvemfants of
higher brain regions in facilitatory or inhibitory respiratory responses to hyp(‘)ma have
been described. Ventilatory responses to hypoxia are the net results of such stimulatory
and inhibitatory effects, and the ventilatory depression occurs when the later predominat?s
over the former (hypoxic ventilatory depression, HVD).  The decrease in ventilation is
a main feature of respiratory response to acute hypoxia in newborn animals and infants.
The HVD, therefore, is a fundamental response process against exposure to hypoxia.
Several factors such as accumulation of inhibitory substances or level of CO: in the
brain have been suggested to mediate the generation of HVD. The HVD is not caused
by a single mediating factor but is influenced factors affecting brain tissue oxggenation
and by affects from peripheral and or central chemosensors or other neural inputs to
respiratory neurons.

*Department of Industrial Physiology, National Institute
of Industrial Health,
6-21-1, Nagao, Tama-ku, Kawasakt 214, Japan
**Department of Physiology I
School of Medicine, Chiba University,
1-8-1 Inohana Chiba, 280 Japan

6 Norito KAWAKAMI®, Shunichi ARAKI",
Takashi HARATANI**, Tetsuya KANEKO*"",
Takeshi MASUMOTO**** and Takeshi HAYASHI™""
Job-stress and Medical Consultation Rates for Physical
Illness among Blue Collar Workers of an Electrical Factory
in Japan: A Four-year Prospective Follow-up Study
Industrial Health, 28 (1), 1-7, 1990

Summeary  To investigate the relationship between job-stress and medical consultation

rates for physical illness, a prospective study was conducted for male blue workers of
an electrical factory in Japan. 8 job-stress variables and 8 possible confounders were
assessed by means of mailed questionnaires in the intial study; 375 workers without
medical history of illness were followed for four years; they were interviewed once a
year and medical consultations for physical illness were recorded. Age-adjusted rates
of medical consultation during the four-year period were significantly higher in the
subjects with higher job-dissatisfaction scores than in those with lower job-dissatisfaction
scores (p<{0.05). The results of the multiple logistic regression analysis indicated that
job-dissatisfaction together with age and education was significantly correlated with
medical consultation (p<{0.05). The results suggest that job-dissatisfaction is a potential
factor for medical consultation in Japanese blue collar workers.

‘Department of Public Health, Faculty of Medicine, University of Tokyo

""National Institute of Industrial Health ]

"""'Department of Environmental Health, School of Health Science,

Kvyorin University
Hitachi Health Care Center
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7 Norito KAWAKAMI*, Shunichi ARAKI*
and Takashi HARATANI*
Effects of Work Stress on Depressive Symptoms, Blood
Pressure and Medical Consultation Rate in Blue Collar
Workers at Electrical Factory in Japan

First International Congress of Behavioral Medicine, Abstracts, 208p.,
Uppsala, Sweden, 1990

Summary Technological innovation is going on rapidly in recent Japan. To
investigate the effects of work stress on psycho-behavioural health, the relationships
between psychosocial work stress and depressive symptoms, blood pressure and medical
consultation rate were examined in blue collar workers at an electrical factory in Japan.
A cohort of 420 male blue collar workers was followed for four years. In the initial
study, five indicators of perceived work stress (job overload, poor work environment, job
dissatisfaction, poor human relations and stress due to complicated machine operation)
as well as overtime and job-change were assessed by mailed questionnaires. Thereafter,
the cohort was surveyed once a year for depressive symptoms (Zung self-rating depression
scale), blood pressure and history of medical consultation. Their respondent rates
ranged from 82 to 919%.

The following results were obtained: 1) Job overload, job dissatisfaction and poor
human relations were significantly related to depressive symptoms in one-year follow-up
(multiple logistic regression analysis, p<(0.05). 2) Work stress due to complicated
machine operation was found to be a significant predicior of an increase in diastolic
blood pressure in one-year follow-up (stepwise multiple linear regression. analysis,

p<0.05). 3) Job dissatisfaction was significantly related to medical consuliation rate in



four-year follow-up (multiple logistic regression analysis, p<0.08).
It is suggested that job dissatisfaction is an important risk factor affecting psycho-
behavioural health of Japanese blue collar workers.
*Department of Public Health, Faculty of Medicine, University of Tokyo
**National Institute of Industrial Health

8 Tsuyosht KAWAKAMI
Occupational Health and Safety Promotion Potentials
through the Workplace Participation in Thailand
Journal of Primary Health Care and Development,
Vol 4, No. (2), 1991 (in press)

Summary  Since Thailand is facing the rapid growth in industrial ssctors, workers’
health and safety promotion at workplace levels is of particular importance. As the
practical manner of improvement, findings and developments of local examp'les ?f
working condition improvement is needed. Through the walk-through inspection in
local factories in various provinces in Thailand, several local achievement examples for
improving working conditions have been observed.  The improvements include : (1)
better lighting devices in a pan factory, (2) machine guards and covers made with local
materials in a ceramics factory, (3) Dust prevention guards in jewelry factories, (4)
Materiale buffer stock system in a ceramics factory, (5) Car-stop by using wooden
pieces in order to prevent cars from falling down to the dumping place in a sugar
factory, (8) Improved workstation for the better working postures in a metal factory, )
Heat barrier against the furnace in a metal factory, (8) Better use of sky-light in a
sugar factory, (9) Application of cart for heavy carrying in a sugar factory. It is of
note that these attempts are all locally-achieved without experts’ intervention. These
results suggested that application and transfer of the local technical know-how to other
workplaces is feasible and these attempts can be an entry point for the further action-
oriented occupational health and safety promotion through the workplace participation.

National Institute of Industrial Health

9  Masao HAYASHIV, Tsuyoshi KAWAKAMI®
and Som-arch WONGKHOMTHONG®
Introduction and Evaluation of the International Training
Program for Primary Health Care in Thailand
Japanese Journal of Public Health, 38 (1), 37-44, 1991

Summary  Since 1987 the International training course on primary health (PHC) in
Thailand has been offered six times by the ASEAN Institute for Health Development,

Mahidol University, Thailand. The main objective of the training was to enhance the
understanding of Japanese and Thai students and junior health and social scientists
regarding health problems in Thailand, their social, economic and political backgrounds
and PHC activities. The course content consisted of lectures regarding the health care
delivery system and the PHC activities including on-site visits, field visit to urban and
rural areas and small group discussions on the health ploblems in these areas, home
stay at the rural village, and discussion on health and social development in Thailand.
The training course was evaluated by the participants both at the end of the course and
after one year.  Almost all of the participants reported that they were provided with
valuable experiences by the course. After one year, all of the participants that
responded to the evaluation questionnaire started that their attitude to social problems
had been influenced by the training.

1) Department of Hygiene, School of Medicine, Kanazawa University

2) National Institute of Industrial Health

3) ASEAN Institute for Health Development, Mahidol University

10 Hidehiko KURAMOTO", Kyoji IKEGAMIY, Satoru UCHIKI?
Takeshi TAMURA®, Lumie KURABAYASHI"Y,
Hiroaki OHTA® and Hiroshi INAMURA®
Mental Disorders of Japanese People in Western Europe
Japanese Journal of Public Health, 37 (6), 418-424, 1990

Summary  As the number of Japanese going abroad has increased in recent years,
so has there been an increase in the number of Japanese who seek for help at consulates
of Japan due to problems relating to mental disorders.

Three Consulates in Europe (London, Madrid, Paris), that had experience dealing
with mental disorder cases, which had been brought for various reasons, were visited in
order to study the situation among Japanese with mental disorders in Europe.

The following findings were obtained : /

L. The number of mental disoder cases treated by the Consulates of Japan in Europe
from April 1988 to March 1989 was 37 out of the total 147 in the whole or 25%.

2. Among them were 7 cases in Great Britain (London), 5 cases in Spain (Madrid),
and 11 cases in France (Paris), all of which required tremendous efforts to resolve the
situations.

3. Among possible additional measures that are needed are support by local
Japanese organizations, development of a system of medical care manned by Japanese
physicians on a rotationed basis, a medical escort system for returning patients to
Japan, overseas insurance and telephone counseling as well as measures to prevent
manifestation of mental disorders overseas.

I) Doctoral Program in Medical Science, The University of Tsukuba
2) Urawa Shinkei Sanatorium

3) The Tavistock Clinic

4) National Institute of Industrial Health



5) C.H.S.Sainte-Anne
6) Institute of Community Medicine, The University of Tsukuba

11 Sasitorn TAPTAGAPORN®* and Susumu SAITO™*
How Display Polarity and Lighting Conditions Affect the
Pupil Size of VDT Operators
Ergonomics, Vol. 33, 201-208, 1990

Summary This study ascertained that CRTs using a positive display polarity
(dark characters on bright background) are ergonomically more appropriate for VDT
operators than ones using a negative display polarity (bright characters on dark
background), using both physiological and psychological indices.  Differences of pupil
size and subjective evaluation of visual comfort while undertaking visual tasks were
examined for six experimental conditions (two CRT display types in three different
illuminated levels). Pupil diameter was not affected greatly when working with the
positive display for different illumination levels. The positive display also caused
smaller differences in pupil diameter when viewing visual targets, namely CRT display,
script, and keyboard, for all lighting conditions. The majority of the subjects also
appreciated working with the positive CRT display at a regular office illumination level.

*Department of Public Health and Environmental Science,
Tokyo Medical and Dental University, 1-5-45, Yushima,
Bunkyo-ku, Tokyo
**National Institute of Industrial Health, Nagao 6, Tama-ku, Kawasaki

12 Yasuko ITOH®, Yoshio HAYASHI", Ippei TSUKUI""
and Susumu SAITO*"*
The Ergonomic Evaluation of Eye Movements and Mental
Workload in Aircraft Pilots
Ergonomics, Vol. 33, 719-733, 1990

Summary This paper presents an experiment which examines characteristics of
pilots’ scanning behaviour when using integrated CRT displays, and the changes in
characteristics when pilots face abnormal situations. The subjects were five experienced
pilots. They peformed two modes of flight tasks, under normal and abnormal
situations, in flight simulators with standard settings. The flight simulators were for
a Boeing 7AT-300 (B747), which made use of electromechanical displays, and for a Boeing
767 (BT67), equipped with integrated CRT displays. The results showed that the B767
pilots tended to gaze at the attitude director indicator which was displayed in the
integrated CRT display. It was assumed that 'gaze-type scanning’ might be one of the

characteristics of pilots’ scanning behaviour in cockpits which use the integrated display.
By employing subjective ratings and heart rate variability to measure mental workload,
no differences in mental workload between the BT767 pilots and the B747 pilots were
observed. However, in abnormal situations, the changes in scanning pattern for B767
pilots were found to be smaller than those for B747 pilots. It is concluded that the
application of integrated displays helps pilots to obtain sufficient information more
easily than that of electromechanical displays does even under abnormal situations.
‘Department of Administration Engineering, Keio University,
3-14-1, Hiyoshi, Kohoku-ku, Yokohama
“*Japan Aeromedical Research Center, 2-3-1, Haneda Airport,
Ohta-ku, Tokyo
**"National Institute of Industrial Health, Nagao 6,
Tama-ku, Kawasaki

13 Tadahiko FUKUDA*, Kazuo KANADA**
and Susumu SAITO™*
An Ergonomic Evaluation of Lens Accommodation Related
to Visual Circumstances
Ergonomics, Vol. 33, 811-831, 1990

Summary This study was intended to make clear the relationships between a
number of external conditions (target luminance, size, etc.), dynamic responsiveness of
the lens accommodation, and microfluctuation.  Further, the effects of ageing and the
difference between monocular and binocular observations were examined. These studies
established that age factors have a large bearing on the ability of the lens to focus on an
object, as well as affecting such abilities as the responsiveness of the lens accommoda-
tion, amplitude of lens accommodation response, microfluctuation, and contraction and
relaxation time. Of these accommodation functions, such factors as contraction and
relaxation time clearly reflect the ease of seeing an object. Clear relationships between
the amount of diopter and the ease of seeing an object were also observed. Further, it
was established that a binocular observation was more responsive (velocity of contra-
ction) than a monocular one. As to the microfluctuation, on the other hand, clear
effects of age on its spectrum distribution were recognized but no definite correlations
concerning the ease of seeing an object were observed.

"NHK Science and Technical Research Laboratories, Kinuta
1-10-11, Setagaya-ku, Tokyo

“*National Institute of Industrial Health, Nagao 6,
Tama-ku, Kawasaki



14 Sasitorn TAPTAGAPORN® and Susumu SAITO™"
Ergonomic Evaluation of Pupil Size in Visual Environmental
Conditions of VDT Use
The Xth UOEH Int. Symp. and Ist Pan-Pacific Conf. on
Occupational Ergonomics, 92-93, 1990

Summary The study found out that the positive display type of CRT (dark
characters on bright background) is more ergonomically appropriate for VDT operators
than the negative one, by using both physiological and psychological indices. Differences
of pupil diameter (physiclogical index) and the subjective evaluation of visual comfo.rt
(psychological index) while undergoing the visual tasks were examined among six
experimental conditions (two CRT display types in three differsnt illuminated levels of
lighting condition). All results served two main purposes of the study ; (i) to find the
suitable environmental lighting condition and display polarity for VDT workplace ; and
(ii) to find the relationship between pupil diameter and the subjective evaluation of
visual comfort while doing the task.

*Department of Public Health and Environmental Science,
Tokyo Medical and Dental University, 1-5-45, Yushima,
Bunkyo-ku, Tokyo
**National Institute of Industrial Health, Nagao 6, Tama-ku, Kawasaki

15 Naofumi HIROSE®, Shinobu AKIYA®, Susumu SAITO"",
Kimiko KOSHI"* and Sasitorn TAPTAGAPORN™""
Visual Ergonomic Problems in Painting Check Workplace
through the Analysis of Lens Accommodation
The Xth UOEH Int. Symp. and lst Pan-Pacific Conf. on
Occupational Ergonomics, 162-163, 1990

Summary The investigation on ergonomic problems in one automobile factory
was carried out and found that lighting condition with glare was one of the most
important problems. Thereafter, the study to cope with this problem was accomplished
and separated into three phases in this paper : the survey of ophthalmological complaints
among painting check workers, the analysis of physiological changes of pupil size at
work, and the experiment showing how this kind of lighting environment affects the
human factors especially lens accommodation. The questionnaire survey indicated that
the workers reported many visual complaints to a greater extent than other workers.
Ergonomic evaluations of the work environment also revealed that glare was a problem
at the workplace.

*Department of Ophthalmology, University of Occupational and
Environmental Health, 1-1, Iseigaoka, Yahatanishi-ku, Kitakyushu
**National Institute of Industrial Health, Nagao 6, Tama-ku, Kawasaki

***Department of Public Health and Environmental Science,
Tokyo Medical and Dental University, 1-5-45, Yushima,
Bunkyo-ku, Tokyo

16 Sasitorn TAPTAGAPORN* and Susumu SAITO**

Analysis of Pupil Movements for Ergonomic Evaluation of
Visual Environments
Human Interface, Vol. 6, 617-624, 1990

Summary This paper assembles the applications of pupil analysis as a physiological
index to various kinds of workplaces, namely a tunnel, a VDT workstation, an automo-
bile factory and an aircraft cockpit. In order to evaluate a workplace circumstance, in
an aspect of human interface, it is considered important to evaluate human factors in
addition to the evaluation of physical environments to be certain whether a workplace is
ergonomically appropriate for workers. The relationship between subjective visual
comfort and pupil size was also described in the paper.

"Department of Public Health and Environmental Science,
Tokyo Medical and Dental University, 1-5-45, Yushima,
Bunkyo-ku, Tokyo
"*National Institute of Industrial Health, Nagao 6, Tama-ku, Kawasaki

17 Akira YASUKOUCHI* and Fumio SERITA**
Changes in Breathing Pattern at Loads near Perceptual
Threshold at Different Work Levels
Eur. J. Appl. Physiol., 60, 337-345, 1990

Summary  Five subjects were tested to determine the threshold for detection of an
added resistance to inspiration in three tests, one at rest and two with exercise (mild=50
W ; moderate=100W) on a cycle ergometer. Changes in the breathing pattern were
examined at added resistances near the perceptual threshold. Added inspiratory
resistances with a 50% probability of detection were very variable at rest ; they decreased
significantly from rest (250 Pa+17' *s) to moderate exercise (98 Pa *1°' « ) in four
subjects. It is suggested that physical exercise may cause discornfort even when workers
wearing a respirator do not have any abnormal sensation during sedentary work.
Breathing patterns were compared between resistance loaded and unloaded breathing
during each test. Decreases in inspiratory peak flow and acceleration of flow early in
inspiration were found in resistance loaded breathing in almost all tests and a tendency
for tidal volume to decrease was found during moderate exercise only. The ratios of
resistance loaded to unloaded breathing for inspiratory time (t) and total time () tended
to be greater in the detected than in the undetected responses at rest and during mild



exercise but not during moderate exercise.  This would imply that further I:Trolongatlon
of t; and t. in the detected responses was attributable to conscious or subconsmc.)us aspelcts
of the resistance loading responses ; however, these adjustments in breathing, which
reduce frequency, would be less likely to occur as the work rate increases..

*Department of Industrial Physiology, National Institute of Industrza‘l Health

** Department of Environmental Hygiene, National Institute of Industrial Health

18 Heihachiro ARITO and Masaya TAKAHASHI
Effects of Methylmercury on Sleep Patterns in the Rat
Symposium on Advances in Mercury Toxicology,

Held at Sanjo Kaikan, University of Tokyo, at August 1-8, 1990

Summary Behavioral disturbances resulting from systemic and.CNS eff.ec.ts of
toxicants are presumably manifested in close association with change in the v1g11ancj‘e
states such as wakefulness (W) and sleep as well as in the state-rels'tted autor.lormc
responses such as heart rate (HR) and body temperature. Amounts of time sent in W,
slow-wave sleep (SWS) and paradoxical sleep (PS) and their time-course changes can be
evaluated guantitatively according to characteristic patterns of polygraphic records of the
conscious animals which had chronically implanted with electrodes for EEG, EMG an.d
EOG recordings. HR and body temperature can also be measured by the chronic
implantation of the ECG electrode and the thermistor probe. In the presen? study,
effect of methylmercury chloride (MMC) on the vigilance staies was. examined by
comparing amounts of W, SWS and PS5 before and after oral administration of MMC to
the electrode-implanted rats at 3 doses of 15, 5§ and 1.65mg/kg/day X 2 days. Secondly,
effect of the high MMC dose on HR and body temperature was examined with the' rats
which had been implanted with ECG electrodes and thermistor probes. Thirdly,
monoaminergic mechanisms underlying the MMC-induced changes in the vigilance sta.tes
and the state-related autonomic responses were explored by analysis of noradre.nahne
(NA) and 3-methoxy-4-hydroxy-phenylethyleneglycol (MHPG) of the anterior brains of
both MMC- and vehicle-administered rats sacrificed at different times of day. :

The acute-phase action of MMC was characterized by a marked decrease 1n amont
of W at the expense of the increased SWS, hypothermia and the decreased HR following
transient tachycardia. The decrease in W, HR and body temperature wa§ more marked
during the dark (active phase) than during the light period. A circadian PS rhythm
was phase-delayed by 5 hr after the high MMC administration.  The lE\.fels of NA and
MHPG of the anterior brain of the MMC-administered rats were significantly lowered
compared with those of the control rats, indicating that MMC suppressed the turnover
rate of NA metabolism. From the present results, it was suggested that the decreased
amount of W, bradycardia and hypothermia were mediated at least in part through .a
MMC-induced decrease in activity of ascending NA neurons innervating the fc.Jrebra.am
area. Circadian rhythms of these physiological parameters and their interrelationships

were also discussed.
National Institute of Industrial Health

19 Heihachiro ARITO', lwao UCHIYAMA?,
Hatsuko ARAKAWA® and Eiji YOKOYAMA?,

Ozone-Induced Changes in CNS and Heart Functions
of Rats

The International Symposium on Physiological and Biochemical

Approaches to the Toxicological Assessment of Environmental
Pollution

At 12th European Society for Comparative Physiology and

Biochemistry

Held at Utrecht, the Netherlands, August 27-31, 1990

Summary Extra-pulmonary effects of ozone on EEG activity, sleep-wakefulness
and ECG activity were examined with the conscious rat implanted with electrodes for
EEG, EMG and ECG recordings, Three kinds of the experiments were carried out.

In the Ist experiment, the rats were exposed to either 0.1 ppm, 0.2 ppm or clean air for
5 consecutive days. The low-level O, exposure did not change amounts of time spent by
wakefulness (W), slow-wave sleep (SWS) and paradoxical sleep (PS). However, heart
rate decreased and number of arrhythmic episodes increased, depending on O; levels.

In the 2nd experiment, the rats were exposed to either 0.5 ppm for 6 hrs/day, 1.0 ppm
for 3 hrs/day or clean air for 6 hrs/day and the exposures were repeated 4 days. The
exposures to the high-level O: induced the bradycardia, the decreased amplitude of fast
EEG waves and the suppression of W and PS at the expense of the increased slow-wave
sleep (SWS). The reduced EEG anplitude and the suppressed PS and W were recovered

more rapidly during the post-exposure period than the bradycardia. Those ozone-
induced changes in heart rate, EEG and W and PS did not occur during the 3rd and 4th
exposures, indicating rapid adaptation to Os by the repeated exposures. In the 3rd

experiment, underlying mechanisms were explored with the electrode-implanted rats
which were additionally catheterized ip with PE tubing for pharmacological injection
during the exposure period. Atropine injections (1.0 & 4.0 mg/kg) transiently recovered
the decreased heart rate, the decreased W and the increased SWS, whereas the suppressed
PS still persisted. This result can be taken to indicate that the ozone-induced
bradycardia is attributed to possible enhancement of the cardiac parasympathetic nerve
activity.  Because Atropine administration per se did not change the amounts W and
SWS at the present dose levels, the ozone-induced increase in SWS at the expense of the
decreased W and PS might be mediated through the marked bradycardia. However, PS
would be suppressed under different mechanisms.

1. National Institute of Industrial Health

2. The Institute of Public Health
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20 Heihachiro ARITO', Iwao UCHIYAMA?,
Hatsuko ARAKAWA? and Eiji YOKOYAMA®
Ozone-Induced Bradycardia and Arrhythmia and Relation

to Sleep-Wakefulness in Rats
Toxicology Letters, 52 169-178, 1990

Surmmary Rats were chronically implanted with electrodes for EEG, EMG and
ECG recordings and exposed to 0.1 ppm, 0.2 ppm ozone (O:) or clean air as control for
5 consecutive days. Amounts of wakefulness (W), slow-wave slegp (SWS) and paradoxical
sleep (PS) of the Os-exposed rats were not statistically different from respective control
values. Compared with control rats, heart rates of the Os-exposed rats decreased and the
number of bradyarrhythmic episodes increased with an increase in Os levels. The Os-
induced bradyarrhythmias occurred more prevalently in the order of W, SWS and PS
state. Parasympathetic mechanisms were suggested on those cardiac abnormalities.

1. National Institute of Industrial Health
2. The Institute of Public Health

21 Yasutomo SUZUKI* and Kazuo FUKUDA™"
Reduction of Hexavalent Chromium by Ascorbic Acid and
Glutathione with Special Reference to the Rat Lung
Arch. Toxicol. Vol. 64, 169-176, 1990

Summary The reduction of 20 £M hexavalent chromium [ chromium (VD) ] by L-
ascorbic acid (AsA) (0.06-2mM) and/or glutathione (GSH) (2-16mM) in buffer solutions,
cell-free bronchoalveolar lavage fluids or soluble fractions of rat lungs was investigated
at physiological pH (37°C).  The reduction in AsA solution was pseudo-first-order in a
single phase with respect to chromium(VI), but that in GSH solution showed a two-
phase process. The half-life of chromium (IV) ranged from seconds to hours. The
reducing ability of AsA was markedly higher than that of GSH. Coexistence of
equimolar GSH with AsA accelerated the reduction rate slightly, in comparison with
that in the corresponding AsA solution. Lavage fruids containing 0.06 mM AsA showed
pH-dependent reactions similar to those of the corresponding AsA solutions.  The lung-
soluble fractions reduced chromium(VI) in a process composed of phase I and phase I,
characterized by the reducing ahility of AsA-GSH cooperation and of AsA alone, respec-
tively. Reduction in the former was 30-40% more rapid than in the latter. The biological
half-life of chromium(VI) in the lung was estimated to be 0.6 min, on the basis of the
reducing activity in the first phase. However, the apparent biological half-life of
chromium (VI) was about 2 min in rat lungs after intratracheal injection of chromate,
involving depletion of AsA, but no significant changes in GSH. The difference is
discussed in terms of AsA-induced initiative reduction in the alveolar lining fluid and

subsequent obstructive effects of the resulting trivalent species on trans-membrane

—100—

permeability of chromate anions. These results suggest that AsA is more reactive than
GSH in the reduction of chromium(VI) in the rat lung and that the extracellular AsA in
the alveolar lining fluid plays an important role in antioxidant defense against inhaled
chromium (VI) compounds.

*Department of Occupational Diseases and

"*Department of Experimental Toxicology, National Institute of Industrial Health.

22 Hiroshi TSURUTA and Midori SOTOYAMA
A Study on the Amounts of Exposure to Halogenated
Hydrocarbons by Different Routes
Environmental Research in Japan, Vol.2, 89/1-12, 1989

Summary The quantitative evaluation of dermal uptske and pulmonary uptake for
halogenated hydrocarbons was experimentally carried out by using nude mice.

1) Dermal uptake : Dermal absorption through the skin, from vapor exposure or
from partial body immersion was studied. Nude mice each attached to a respirator to
avoid pulmonary uptake were exposed in a glass exposure chamber to 1,000 ppm of the
halogenated hydrocarbons for 1h. There is a linear relationship defined by Fick's law
between the skin absorption rate and concentration of exposed vapors. Therefore, the
skin absorption coefficient (# g/ g/h/ppm) was calculated by dividing the skin
absorption rate by exposure concentration ; the values were 0.0240 for trichloroethylene,
0.00243 for 1,1,1-trichloroethane and 0.0147 for tetrachloroethylene.  Next, dermal uptake
of the halogenated hydrocarbons in the aguecus solution was studied. The halogenated
hydrocarbons in the aqueous solution were applied to abdominal nude mouse skin
delineated an area of 3.14 cif with a glass funnel. There was a linear relationship
between the skin absorption rate and exposure concentrations. The skin absorption
coefficient (ecm/h) was calculated by dividing the skin absorption rate by exposure
concentration ; the values were 0.0235 for trichloroethylene, 0.0125 for 1,1,1-trichloroethane
and 0.00924 for tetrachloroethylene. The amount of dermal uptake was calculated by
multiplying the skin absorption coefficient, exposure concentration and exposure time.

2) Pulmonary absorption : Pulmonary absorption of the halogenated hydrocarbons
through the lungs was studied by using nude mice. Nude mice were exposed in a glass
exposure chamber to 50, 200 or 1,000 ppm of the halogenated hydrocarbons for 0.17~1.5h.
The amount of pulmonary uptake was determined by subtracting the amount of dermal
uptake from the total absorbed amount. There was a linear relationship between the
amount of pulmonary absorption and exposure time, and also a linear relationship
between the pulmonary absorption rate and concentration of exposed vapors. Therefore,
the pulmonary absorption coefficient (1 g/ g/h/ppm) was calculated by dividing the
pulmonary absorption rate by exposure concentration ; the values were 0.174 for
trichloroethylene, 0.216 for 1,1,1-trichloroethane and 0.480 for tetrachloroethylene. The
amount of pulmonary uptake was calculated by multiplying the pulmonary absorption
coefficient, exposure concentrarion and exposure time : And then, the calculated ratios
of pulmonary uptake to the total uptake were 88% for trichloroethylene, 99% for 1,1,1-
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trichloroethane and 97% for tetrachloroethylene.
Department of Occupational Diseases,
National Institute of Industrial Health

23 Hiroshi TSURUTA
Dermal Absorption
Biological Monitoring of Exposure to Industrial Chemicals, Chap. 24,
ppl31-136. V.Fiserova Bergerova and M.Ogata, Eds. ACGIH, Inc.,
Cincinnati, OH, USA (1990).

Summary The quantitative evaluation of dermal absorption in the work environment
is important in establishing safety criteria for work operations that are associated with
inhalation exposure and skin contact with chemicals. Bioclogical monitoring is a usuful
tool to evaluate total exposure and to estimate the relative contribution of dermal
exposure to the total dose. Therefore, described here are : mechanisms of dermal
absorption, methods for measuring dermal absorption (disappearance of a substance
from the skin surface, measurement of substances in blood and excreta, measurement of
body burden), measurement of dermal absorption of liquid solvents, measurement of
dermal absorption of vapors, evaluation of dermal absorption in the work environment,
factors affecting dermal absorption, prediction of dermal absorption on solvents, and
criteria for dermal absorption potential. The quantitative evaluation of dermal
absorption in the work environment is emphasized as an important factor in establishing
safety criteria for work operations.

National Institute of Industrial Health,
21-1, Nagao 6-chome, Tama-ku, Kawasaki 214, Japan

24 Hirotomo YAMADA
Studies on Development of a Method to Evaluate Effects of
Enviromental Pollutants on Human Peripheral Lymphocytes

Enviromental Research in Japan 88, 1-13 p, 1989

Summary What should be assayed as an index in order to evaluate effects of
enviromental pollutants on human body? Conventional methods employ impairment of
health as the index. But it is not the best way since one’s health is impaired when
some effects are detected, otherwise the detection is not achieved. A desirasble way is
to determine the effects before a disease develops. It is likely that, when human cells
are exposed to toxic materials, the cells produce proteins to reduce toxicity and proteins
to maintain their physiological activity. If it is true, these newly induced proteins can
be available as the index.
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For assay of induction of the specific proteins, living cells must be prepared from
human body. Because collection of the specimen should not place any noticeable strain
on a donor, lymphocytes from peripheral blood are only cells which can be employed.
In an attempt to develop a method to evaluate effects of toxic chemicals, protein
synthesis in human peripheral lymphocytes hence studied.

Human peripheral blood lymphocytes were isolated and examined for their capacity
to synthesize proteins in response to 14 metal compounds (cadmium chloride, silver
nitrate, mercuric chloride, cobalt chloride, manganese chloride, zinc sulfate, copper
sulfate, nickel chloride, stannous chloride, iron chloride, lead acetate, sodium arsenate,
cacodylic acid and methyl mercury chloride), following the protocol established last
yvear.  Analysis by gel electrophoresis showed that methallothioneins (MTs) were
produced in the lymphocytes 2 fold over controls at 0.1 gM (11.2 ppb) of cadmium, 10
uM (1 ppm) of silver, 1 M (200 ppb) of mercury, 50 uM of zinc, 100 uM of copper and
100 M of copper and 100 uM nickel. MTs are a group of low molecular weight,
cysteine rich and metal binding proteins. One of the roles of MTs is believed to be
detoxication of metals such as cadmium and mercury. And the metals capable to
induce lymphocytes MTs are similar to those inducing liver MTs. These facts suggest
that the MT induction in lymphocytes is available as an useful monitoring index for
effects of heavy metals on human body.

Stannous chloride and lead acetate induced 37 kd protein and 165 kd protein,
respectively.  Concentrations of the two metals inducing these proteins were not low
enough for a practical use as the index. But the induction of these specific proteins
including MTs suggests that some proteins produced in human cells are indices for toxic
materials.

National Institute of Industrial Health
21-1, Nagao 6 chome Tama-ku, Kawasaki 214 Japan

25 Takeshi HONMA, Mitsuo SATO and Muneyuki MIYAGAWA
Effects of Organic Solvents on Plasma Lipoproteins of Rats
23rd. International Congress on Occupational Health
(Montreal, Canada, Sep.22-28, 1990) Abstracts p.582

Summary OBJECTIVE: Extraordinary changesin plasma lipoprotein concentrations
were observed in some workers exposed to high concentrarions of organic sclvent. It
was assumed that lipoprotein metabolism was altered by solvent exposure. To investigate
the mechanism of alteration of lipid metabolism, we started a study of lipid and
lipoprotein metabolism following an administration of organic solvent to rats.

METHODS : Different doses of organic solvents were intraperitoneally injected to
groups of rats. Tested solvents were carbon tetrachloride (CTC), chloroform (CF),
dichloromethane (DCM), trichloroethylene (TriCE), tetrachloroethylene (TetraCE), and
1-1-1-trichloroethane (TCE). Under light ether anesthesia, rats were exsanguinated from
abdominal vein. Plasma lipoprotein fractions were separated to VLDL (Very Low
Density Lipoprotein), LDL (Low Density Lipoprotein), and HDL (High Density
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Lipoprotein ) by ultracentrifugation and electrophoresis. Lipid and apoprotein
composition of each lipoprotein fraction was determined. Liver was homogenized and
lipid content was measured.

RESULTS : Concentrations of three lipoprotein fractions were reduced by
administration of CTC and CF in a dose dependent manner. Lipid in liver was
increased in a same manner. Following an administration of DCM, TriCE, TetraCE,
and TCE, VLDL was increased and LDL was decreased. High doses of these organic
solvents produced decrease in HDL concentrarions in plasma.

CONCLUSIONS : It seems that decrease in lipoprotein concentraion after CTC and
CF administration was caused by an inhibition of synthesis of VLDL and HDL. Such
solvents as DCM, TriCE, TetraCE, and TCE seemed to inhibit the coversion of VLDL to
LDL. _

National Institute of Industrial Health
21-1, Nagao 6-chome, Tama-ku, Kawasaki 214, Japan

26 Takeshi HONMA
Effects of Trichloroethylene, 1,1,1-Trichloroethane and
Carbon Tetrachloride on Plasma Lipoproteins of Rats
Industiral Health, 28(4), 159-174, 1990

Summary Effects of single intraperitoneal administration of trichloroethylene,
1,1,1-trichloroethane, and carbon tetrachloride (positive control) on the plasma contents
of lipoproteins were investigated in rats. Plasma was fractionated to VLDL, LDL, and
HDL by sequential ultracentrifugation. On the administration of carbon tetrachloride
at 30 to 1,000 mg/ke, VLDL and HDL were reduced dose-dependently, but the reduction in
LDL was not dose-dependent. With trichloroethylene at 30 to 300 mg/kg, the lipid contents
of VLDL and LDL fractions were decreased. At 1,000 mg/kg, VLDL and LDL was
increased by the trichloroethylene. The HDL was decreased with increasing doses of
trichlorosthylene at 30 to 100 mg/kg. With 1,1,1-trichloroethane at 100 to 300 mg/kg, VLDL
and LDL were increased. The HDL levels rose at 100 mg/kg but fell at 1,000 mg/ke.
Thus trichloroethylene impairs VLDL formation at low doses. 1,1,1-Trichloroethane
stimulates the VLDL synthesis at low doses and inhibits it at high doses. The decreases
in HDL at high doses of trichloroethylene and 1,1,1-trichloroethane resulted from the
inhibition of HDL synthesis. Liver-to-body weight ratios were raised with increasing
doses of carbon tetrachloride, trichloroethylene, and 1,1,1-trichloroethane. Plasma GOT
and GPT activities rose at much higher doses of solvents than dose levels which produce
the changes in lipoproteins and the increases in liver weights. The liver enlargement
appeared to be a sensitive marker of hepatotoxicity related to the changes in lipoproteins,
the profile of which was different in three solvents.

National Institute of Industrial Health
21-1, Nagao 6-chome, Tama-ku, Kawasaki 214, Japan
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27 Takeshi HONMA, Muneyuki MIYAGAWA and Mitsuo SATO
Inhibition of Tyrosine Hydroxylase Activity by Methyl
Bromide Exposure
Neurotoxicology and Teratology, Vol.13, 1-4. 1991

Summary  —Rats were exposed to methyl bromide gas (16-250 ppm) for 8 hr, and
tyrosine hydroxylase (TH) activity in the striatum, hypothalamus, frontal cortex,
midbrain, and medulla oblongata was measured in brain homogenates from exposed
rats, and in vivo following administration of decarboxylase inhibitor. Exposure to
methyl bromide dose-dependently inhibited both in vitro and in vivo TH activity.  Of the
five brain areas, TH activity in the hypothalamus was most sensitive to methyl bromide.
The time course of enzyme inhibition after exposure was similar to those of decreases in
catecholamine concentrations, locomotor activity change, and body temperature reported
previously.  These results suggest methyl bromide reduces catecholaminergic neuronal
activity in the brain via inhibition of TH activity.

National Institute of Industrial Health
21-1, Nagao 6-Chome, Tama-ku, Kawasaki, Kanagawa 214, Japan

28 Hiroko KYONO, Katsunori HOMMA, Fumio SERITA
Katsuhiko SAWATARI, Yasutomo SUZUKI, Kimiko KOSHI
Junzo SAEGUSA and Kazuo FUKUDA
Lung Lesions Induced by the Inhalation of Metal Oxides
Generated from Metals of High Melting Temperature
Proceedings of the Third International Aerosol Conference
September 24-27, 1990

AEROSOLS Science, Industry, Health and Environment 1267-1270, 1990

Summary  Lung lesions of rats were investigated after their inhalation of fumes or
aerosols of Cr, Ni, Mn and V for one week or two months. Severe cytotoxic effects on
alveclar macrophages and inflammatory changes of both bronchioli and alveoli were
noticed after one-week exposure to Ni fumes, follwed by early stages of alveolar lipo-
proteinosis. Moderate edematous changes of alveolar interstitium and type 1 epithelium
were induced after one-week exposure to V aerosols. Inhaled Ni particles remained in
the lungs for longer than six months and caused damage of the alveolar macrophages.
In the lungs exposed to Cr fumes for two months, slight interstitial fibrosis occurred.
Manganese fumes caused only a minute lesion. The number of alveolar macrophages
significantly increased in all the exposed groups. Our results demonstrated that Ni
fumes at the lower concentration than the TLVs of ACGIH can cause slight or even
overall injuries to the rat lung.

National Institute of Industrial Health
6-21-1, Nagao, Tama-ku, Kawasaki-214, Japan
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29 Fumio SERITA, Katsunori HONMA, Noboru HARA,
Katsuhiko SAWATARI, Yasutomo SUZUKI,
Masayasu MINAMI, Kimiko KOSHI, Hiroko KYONO,
Junzo SAEGUSA and Kazuo FUKUDA
Biological Effects of Fumes Generated from Metals of
High Melting Point
Environmental Research in Japan. E , 108, T-1-IX-4
Environment Agency, Japan (1985)

Summary Long-term inhalation experiments are of importance in the understanding
of biological effects of the fumes generated from high melting metals (Cr, Ni, V and Mn).
However, few studies have been reported because of some difficulties in the experimental
techniques of generation as well as exposure of the fumes. In the present inhalation
study, an originally designed system for long-term exposure of metal fumes to rats was
developed. The exposure system is composed of five primary parts, a plasma flame
splayer (PMFS), glanular bed type fume collector (GBFC), fluidized bed type aerosol
generator (FBAG) and two chambers, an exposure chamber and a clearn chamber. Each
of themn has a encugh space to keep 12 rat cages (five animals in one cage).

Metal fumes generated from powders of the pure metals by the systematic functions
of PMFS, GBFC and FBAG are supplied into the exposure chamber. The exposure
conditions, such as fume concentration, size distribution of the fume particles, temperature
and humidity in the chamber are recorded by using a suitable monitoring system for
each parameter. The results from preliminary experiments on the decision of the
exposure conditions of chromium fumes show that the exposure system has faculties for
long-term inhalation studies.

Using this exposure system, a preliminary experiment of single 5 h exposure of
chromium fumes to rats was carried out at a temparature of 25°C under a humidity of 41%.
The average fume concentration and particle size distribution were 3.48 ng/ m and MMAD
2.1 pm (og?2.T), respectively.

Chemical analysis of chromium fumes revealed that the fume particles included
hexavalent chromium (about 18%) and trivalent chromium (about 40%) ; most of the
hexavalent species could dissolve to water solution and the major part of the trivalent
species was insoluble in water.

The exposed animals were examined for the tissue distribution of chromium, effects
on oxide-reductive enzymes, chromosome findings and pathological changes in the
respiratory organs. Chromium clearance from the lungs showed 3 phases during the
experimental period of 2 weeks. The biological-half time of chromium in the first
phase was 7.3 days and those of the other 2 phases were 16.0 and 262 days, respectively.
The release of the inhaled fumes from the lungs was very slow in the latter 2 phases,
compared with that of water soluble hexavalent or trivalent chromium inhaled as aero-
sols of CrCl: or K:Cr:0:. No significant changes in the activities of the oxidereductive
enzymes were observed. No significant increase in chromosomal aberrations was found

in the bone marrow cells, and no significant increase in sister chromatid exchange
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frequency was oberved in the peripheral blood lymphocytes 20 hs, 3 days and 6 days afte
rend of exposure period. On the other hand, slight but significant increase in
chromosome aberrations such as chromatid or chromosome breaks was observed in the
peripheral blood lymphocytes at the same experimental periods. No pathological
change on the respiratory organs was observed after single exposure to chromium fumes.
On the contrary, severe or mild lesions were developed in the respiratory tract and lung
parenchyma after single 3 h exposure to aerosocls of water soluble hexavalent (K.Cr:0; )
or trivalent (CrCls) chromium, respectively.

In another experiment the same chromium fumes were injected intratracheally to rats.
Major lesions of the lung were diffuse granuloma with slight fibrosis, slight bronchitis,
mild bronchiolitis, thickening of the alveolar wall, and excessive production and
estruction of alveolar macrophages.

National Institute of Industrial Health, Kawasaki

30 Katsunori HOMMA, Fumio SERITA, Noboru HARA,
Katsuhtko SAWATARI, Yasutomo SUZUKI, Hiroko KYONO,
Junzo SAEGUSA, Kimiko KOSHI and Kazuo FUKUDA
Biological Effects of Fumes Generated from Metals of
High Melting Point
Environmental Research in Japan. I, 96 1-38
Environment Agency, Japan (1986)

Summary  Middle-term (1 week) and long-term (2 months) exposure of chromium
fumes to rats were carried out using the inhalation system completed the last fiscal year.
The average fume concentration, mass median aerodynamic diameter (MMAD) and
particle size distribution (og) in the former experiment were 1.84 £ 0.55 mg/nf, 2.1 um
and 2.1, respectively. Those in the latter were 0.55 = 0.07mg/ i, 2.8 £m and 2.0.
Chemical analysis revealed that 50-51% (wt.) of the fume particles was chromium and
that about 26% and 13% of the total chromium were hexavalent in the former and latter
experiments, respectively.

Biological effects of the fumes were studied by chromium determination in the
tissues, pathological investegation of the lungs and by cytogenetic analysis of the bone
marrow cells and lymphocytes. In another expermental series, particles of the same
fumes or of chromium oxide were intratracheally instilled to rats and the lungs were
pathologically investigated. Important results obtained from these exeperiments are as
follows.

(1) Chromium retention in the lungs was proportional to the exposure levels and
cumulative inhalationtime. Chromium levels in the blood also increased. Most of the
blood chromium was recovered from the erythrocytes, suggesting that hexavalent chro-
mium was dominantly released from the lungs into the blood. (2) Chromium fumes
were phagocytosed by the alveolar macrophages and by the type I alveolar epithelia and
exerted cell toxicity to them. Mild fibrosis of alveolar ducts and alveclar walls, proli-
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feration of type I epithelium indicated early lesions of lung tissue after long-term
exposure. No distinct lesion was noticed after middle-term exposure. (3) There were
no significant differencesin the chromosomal aberrations in the bone marrow cells
emong the middle-term and long-term exposure groups and controls. In the peripheral
blood lymphocytes the meanvalues of chromosomal aberration frequency and sister chro-
matid exchange frequency in both exposure groups increased in comparison with those of
controls. No changes in the number of chromosomes in the bone marrow cells and the
peripheral blood lymphocyteswere found. (4) Single intratracheal instillation of
chromium fumes to rats, at a dose level of 6 or 3 mg/rat, produced diffuse granulomas
in the alveolar duct with various degrees of fibrosis, and also resulted in severe mobili-
zation and destruction of the alveolar macrophages and foamy cells.  With repeated
instillations, these lesions persisted and/ or advanced. No such lesions were observed
in the rats instilled with chromium oxide.
National Institute of Industrial Health, Kawasaki

31 Katsunori HOMMA, Fumio SERITA, Katsuhiko SAWATARI,
Yasutomo SUZUKI, Kimiko KOSHI, Hiroko KYONO,
Junzo SAEGUSA and Kazuo FUKUDA
Biological Effects of Fumes Generated from Metals of
High Melting Point
Environmental Research in Japan. II, 92, 1-51

Environment Agency, Japan (1987)

Summary Nickel fumes generated from metalic nickel powder were exposed to
rats for one week or two months. The average fume concentration, mass median
aerodynamic diameter (MMAD) and particle size distribution (og) in the former experi-
ment were 8.07 = 0.43 mg/nf, 3.0 um, and 2.1, respectively. Those in the latter were
0.51 + 0.15 mg/nf, 3.8 um, and 1.7. Chemical analysis revealed that nickel (II) oxide,ev
en mixed with nickel (II) oxides, releases oxygen with sufficient reproducibility when
the oxides are dissolved in IN hydrochloric acid. The oxygen released and dissolved is
determined by sampled DC polarography, and differential determination of nickel (II)
oxide from nickel (II) oxide was performed. The proportion of nickel (II) oxide was
3.9% in the fumes used for the one-week exposure and 1.2% in the fumes used for the
two-month exposure. Important results on the biological effects of nickel fumes are as
follows.

(1) Nickel concentration in the lungs increased almost linearly with the exposure
period. The biological half life of nickel clearance in the lungs was about half a year
in both groups. Nickel levels in the kindneys in the one-week exposure group increased
significantly, but nickel levels in other organs and blood showed little or no change.

(2) There were no significant differences in the chromosomal aberrations present in
bone marrow cells and peripheral blood lymphocytes in either exposure group or in the
control group. The frequency of sister chromatid exchanges in peripheral blood
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lymphocytes in both exposure groups did not increase, compared with that in the controls.
No changes in the numbers of chromosomes in the bone marrow cells or in peripheral
blood lymphocytes were found.

(3) Severe cytotoxic effects on alveolar macrophages and inflammatory changes of
both bronchiolis and alveoli were noticed after one week of exposure, followed by early
lesions of alveolar lipo-proteinosis. Focal but prominent lesions continued for six
months after exposure stopped. A slight initial lesion of the same nature without
inflammatory change was induced after two months’ exposure.

(4) In another series of experiments, particles of the same fumes, nickel sesquioxide
or nickel monoxide were instilled through the trachea of rats, and the pathology of the
lung was examined. Single or repeated intratracheal instsillation of nickel fumes
resulted in marked mobilization and destruction of the alveolar macrophages and foamy
cells, mild edema or alveclar proteinosis, and thickening of the alveolar walls with
slight fibrosis. Nickel sesquioxide was more toxic than nickel fumes, producing
pathological lesions similar to those caused by nickel fumes at a lower dose level.
Nickel monoxide did not cause such lesions.

National Institute of Industrial Health, Kawasaki

32 Katsunori HOMMA, Fumio SERITA, Katsuhiko SAWATARI,
Yasutomo SUZUKI, Kimiko KOSHI, Hiroko KYONO
Junzo SAEGUSA and Kazuo FUKUDA
Biological Effects of Fumes Generated from Metals of
High Melting Point
Environmental Research in Japan. I, 91, 1-32

Environment Agency, Japan (1988)

Summary In the present study, rats were exposed to manganese fumes for one
week or two months. The average fume concentration, mass median aerodynamic
diameter (MMAD), and particle size distribution (og) in the former experiment were
458 = 0.399 mg/mi, 2.5 pm, and 2.0, respectively. Those in the latter were 1.46 = 0.109
mg/mi, 2.3 zm, and 2.0. The differential determination of manganese oxides in the
fumes was performed by examining their solubilities in various solutions and by redox
titrations after dissolution with reductants (iron (I), iron and acetylacetone). The
contents of MnO, Mn:Qs, Mn:04, and MnQO: were found to be 21%, 29%, 47% and 3% as
manganese, respectively. No permanganate was found. Important results on the
biclogical effects of manganese fumes are as follows :

(1) The manganese levels in the lungs of hoth experimental groups clearly increased
after exposure to the fumes, but the levels remained almost constant during through the
exposure period in the two-month group. This might be caused by an extremely high
clearance of manganese in the lungs. The biological half-life of the manganese
clearance was estimated to be less than 10 hours. The manganese levels of the blood

increased, but no prolonged accumulation of the metal was observed in any organs.

— 109 —



These observations suggest that manganese fume particles deposited in the lung are
rapidly excreted.

(2) There were no significant differences in the chromosomal aberrations in the

bone marrow cells among the one-week and two-month exposure groups and controls.
In the peripheral blood lymphocytes the mean values of chromosomal aberration
frequency in the one-week exposure group slightly increased in comparison with that in
the controls, but did not in the two-week exposure group. The frequency of sister
chromatid exchanges in peripheral blood lymphocytes in both exposure groups did not
increase, compared with that in the controls.

(3) No pathological change in pulmonary tissue was observed, except for a very
slight focal increase of the type I alveolar epithelium. Few manganese particles were
found in the alveolar macrophages three days after stopping inhalation.

(4) In another series of the experiments, particles of the same managanese fumes,
manganese dioxide, manganese sesquixide or manganese oxide (manganomanganic oxide)
were instilled through the trachea of the rats. Single or repeated intratracheal
instillation of manganese fumes resulted in marked mobilization and destruction of the
alveolar macrophages, and a slight fibrosis of the alveolar ducts, alveolar walls and
granulomas in the alveolar space. Manganese oxides exhibited toxic effects upon the
rat lung in the order of manganese sesquioxide 2> manganese oxide > manganese dioxide.

National Institute of Industrial Health, Kawasaki

33 Katsunori HOMMA, Fumio SERITA, Katsuhiko SAWATARI,
Yasutomo SUZUKI, Hiroko KYONO, Junzo SAEGUSA
and Kazuo FUKUDA
Biological Effects of Fumes Generated from Metals of
High Melting Point
Environmental Research in Japan. I, 85-127
Environment Agency, Japan (1989)

Summary  Since FY 1984, we have been investigating the biclogical effects of the
fumes generated from metals of high melting temperature, such as chromium, nickel and
manganese, on rats. In the present study, we have developed a new system for stable
inhalation of V:0s aerosols from solution of V:0s by ultrasonic nebulizer. We exposed
vanadium aerosols to rate for one week or two months and investigated the concentrations
of inhaled vanadium in tissue and pathology of the lung. The average concentrations
of exposed V.05 aerosols were 3.21%0.16mg/ ni and 0.49%+0.02mg/ nf, respectively. The
mass median aerodynamic diameter and particle size distribufion (og) were about the
same in both experiments, and they were 1.1xm and 1.6, respectivity. Intratracheal
instillation of V:0s dusts on rats were performed in another series of the experiment.

Important results on the biological effects of vanadium aerosols are as follows :

(1) The lung levels of vanadium in both exposure groups increased with the prolonged
exposure periods. The average concentrations of vanadium in the lungs were 83318/ g
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tissue and 2.13x g/ g tissue at the ends of exposure for one week and two months,
respectively.  After the exposure periods had ceased, the vanadium levels in the lungs
decreased quickly, but the clearance processes might be composed of complicated systems
with multiple phases in both exposure groups. The decreasing order of vanadium
accumulation in other organs in the one-week exposure group was kidney >liver >spleen
and that in the two-month group was kidney_>spleen>>liver.

(2) A moderate edematous change of alveolar interstitium and type 1 epithelium were
noticed after one week of exposure, and a slight initial change of the same nature was
induced after two months’ exposure. The numbers of the mobilized alveolar macrophage
and inflammatory cell increased significantly after exposure.

(3) Rats were exposed intratracheally to the same vanadium dusts at the doses ranging
from 96mg/kg to 0.88mg/kg. The doses of 13mg/kg or more were lethal to the rats.
Mobilization and destruction of alveolar macrophages, pulmonary edema or perivascular
edema were noticed dependently on the doses. However, these lesions subsided with
time.

As a part of physicochemical study of vanadium, differential determination of
vanadium (I}, vanadium (IV) and vanadium (V) was performed by the on-line digital
polarography which was developed in the present work. However, the method requires
vanadium samples weighing more than 24 g.

National Institute of Industrial Health, Kawasaki

34 Muneyuki MIYAGAWA, Hiromichi HASEGAWA,
Mitsuo SATO and Takeshi HONMA
Assessment of Chronic Neurotoxic Effects of Environmental
Pollutants
Environmental Research in Japan, Vol. 2, 99 - 1-20, 1986

Summary  For the initial step to develop standard test methods for assessing the
chronic neurobehavioral disorders induced by the environmental pollutants, the behavioral
effects of actue and subacute exposure to pollutants were examined by observing the
circadian rhythm of general activity and the conditioned taste aversion learning in rats.

An inhalation exposure system was prepared for the special use to observe the
behavior of the animals being exposed to test substances. Then, behavioral experiments
were performed.

It was observed that the circadian rhythm under continuous light condition was
affected in a dose-dependent manner by the subacute exposure to carbon monoxide (CO)
(<(300 ppm). Marked conditioned aversions were induced by the single exposure to CO
(300 ppm.4hr.) and the single administration of toluene (200 mg/ kg ip, 20 mg/kg iv) as the
unconditioned stimulus.

Although the amount of brain glucose, lactate and ATP were measured to find the
correlates with the behavioral alterations after the acute and subacute CO exposure, no
significant changes were obtained by the exposure to the minimal concentration of CO
that had apparent behavioral effects.
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These results indicate that the circadian rhythm and the conditioned taste aversion
would be available as a sensitive behavioral index for the assessment of acute and

subacute effects of environmental polutants.
National Institute of Industrial Health

35 Muneyuki MIYGAWA, Hiromichi HASEGAWA,
Mitsuo SATO and Takeshi HONMA
Assessment of Chronic Neurotoxic Effects of Environmental

Pollutants
Environmental Research in Japan, Vol. 2, 95:1-29, 1987

Summary Behavioral change by the acute exposure to toluene and carbon
monoxide (CO) was examined in rats as a model case in the study of dose-effect
patterns of the behavioral toxicity of environmental pollutants.

Performance level of the bar-pressing behavior under variable interval 60" schedule of
appetitive reinforcement in the skinner box was observed successively before, during and
after the inhalation exposure. As the indices of the amount of inhaled substances,
brain toluene level and blood carboxyhemoglobin (HbCO) concentration were measured,
and the relationship between these indices and the behavioral change was examined. .

After a temporal decrement of the response by the effects of toluene as an exterocept.we
stimulus &t the initial 5 min of exposure, response rate declined gradually from base-line
level to almost cessation in linear proportion to the brain toluene level in the range of
30-100 wg/ g tissue during the exposure to toluene.  On the other hand, CO produced
abrupt decrease and cessation of response during the exposure, and the response rate
recuperated abruptly when the blood HbCO level was decreased below 33-43% after the
termination of exposure.

These results indicated that the threshold and the pattern of the behavioral effects of
environmental pollutants could be described in a relatively simple manner ?sing both
operant technique and adequate index of exposure level according to the action of the

substances. ;
National Institute of Industrial Health

36 Muneyuki MIYAGAWA, Mitsuo SATO and Takeshi HONMA
Assessment of Chronic Neurotoxic Effects of Environmental

Pollutants
Environmental Research in Japan, Vol. 2, 94 :1-15, 1988

Summary Effects of the inhalation exposure to environmental pollutants on the

acquisition process of classical conditioning and on the habituation process of acoustical
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startle reflex were examined in rats to develop test methods for the neurobehavioral
toxicity of pollutants. In addition, change in acetylcholine content of the brain was
measured by inhalation exposure experiments.

The conditioned suppression paradigm was used to examine the effects of acute
exposure to toluene (5,000 ppm) or carbon monoxide (CO, 1,500 ppm) on the acquisition
of classical conditioning. Pairings of the CS (tone) and the US (eleclric shock) were
carried out by a “off the base-line” method during the first 20 min in the inhalation
exposure for 4 hr.  After 3 days, no effect of the exposure was revealed in the assessment
of the suppression by the CS presentation in VI60" performance.

The amplitude of whole-body startle reflex decreased after an acute exposure to toluene
(1,750 and 3,500 ppm, 4 hr) in a dose-dependent manner, although it was not affected by
a CO exposure (750 and 1,500 ppm, 4 hr) except a few lethal cases. After sub-chronic
exposures (8 hr/day, 28 days) to toluene (1,000 ppm) or CO (500 ppm), both exposed
groups showed habituation of the startle amplitude in a condition wherein the control
showed sensitization.

Bi-phasic (inverted J-shaped) dose-dependent change in the acetylcholine contents was
revealed in both hippocampus and striatum after an acute exposure (8-24 hr) to toluene
(200-1,200 ppm).

These results indicated that simple learning process, such as the habituation or the
classical conditioning, was relatively unsusceptible and that applications of more
complex learning behavior including cognitive process and detailed neurochemical
investigations should be developed for the neurobehavioral assessment of the environ-
mental pollutants.

National Institute of Industrial Health

37 Muneyuki MIYAGAWA, Mitsuo SATO and Takeshi HONMA
Assessment of Chronic Neurotoxic Effects of Environmental
Pollutants

Environmental Research in Japan, Vol. 2, 86 : 1-22, 1989

Summary Effects of the inhalation exposure to environmental pollutants on the
cognitive process of animal behavior were investigated in rats to develop test methods
for assessing the neurobehavioral and functional toxicity of the pollutants. In addition,
change in brain acetylcholine content was measured in relation to the neurobehavioral
and functional changes.

1) Response pattern under DRL 20 sec schedule was examined as a timing behavior in
rats after an acute exposure to toluene (800-3,200 ppm, 4hour). The response frequency
increased in proportion to the brain toluene level within the range of 30-100 g/ g tissue.
The distribution of IRT was shifted and its mean was shortened by the exposure,
although its quartile deviation was not changed directly according to the brain toluene
level.

2) A free running type of radial arm maze which had no guillotine door at the
entrance of each arms was used to assess the change of short-term memory in rats.
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The running patterns of rats in this type of maze were examined as a preliminary stucl.y
to use computerized video analyzing system. Tracking the movement of T"ats by this
gystem, not only the number of food pellets they obtained but also other indices, such as
their arm selection patterns, moving speed, immobile time, were able to be measured on
the maze, which provided more information for toxicity assessment.

Rats, exposed to 600 ppm of toluene continuously for 50 days, often showed a stere-
otype behavior, i.e., choosing adjacent arms, in the maze training after the expos1..1r.e.as
well as their control group, and no exposure effect was observed in the acquisition
process of maze learning.  Another group of rats, which was intermitten-tly ‘exposed to
1,000 ppm of toluene 8hours a day for 28 days, was used to examine proactlve. 1nterfe1.*el?ce
among trials as a index of short-term memory with a successive trial training
procedure.  The stereotype behavior was shown more often and no apparent effect.of
the exposure was detected. Rats, exposed total 4times to 2,000 ppm of Carbon. Monoxide
for 8hours each,exhibited no change in the performance level of maze learning b-y the
exposures. These results indicate that controlling the stereotype behavior ils essennal. to
assess the memory process of rats using this type of maze and the video tracking
system. 3 ‘

3) A invented W-shaped change with the prolongation of exposure duration (?hour 1.;0
28 days) was revealed in the acetylcholine contents of both hippocampus and striatum in
rats exposed to 200-1,200 ppm of toluene. . ‘

These experiments suggest that the measurement of cognitive process in animal
behavior for toxicity testing would be fruitful but must be performed carefully and that
detailed neurochemical investigations should also be developed for the neurobehavioral
and functional toxicity assessment of the environmental pollutants.

National Institute of Industrial Health

38 Muneyuki MIYAGAWA, Mitsuo SATO, Takeshi HONMA

and Toyoto IWATA
Assessment of Chronic Neurotoxic Effects of Environmental

Pollutants
Environmental Research in Japan, Vol. 2, 86 :1-30, 1990

Summary This year, effects of the inhalation exposure to organic solvents on
higher functions were investigated by animal experiments (radial arm maze‘ test and
open field test in rats) and by human field studies to develop neurobehavioral test
methods for assessing the functional toxicity of environmental pollutants. Then, the
results of studies in this 5 years’ research project on the neurcbehavioral methods
were reviewed and summarized.

1) A free running type of radial arm maze with no guillotine door was used to assess
the differential effects of chronic inhalation exposure to toluene on working (short-term)
memory and reference (long-term) memory in rats, using a 4 -out-of-8 baiting procedure.

14—

A computerized video picture analyzing system was used to measure the behavioral
pattern and activity level of rats in the maze as well as in the open field. The influence
of scopolamine injection on the maze performance was also observed in both exposed
and cotrol rats. Rats, exposed to 600 ppm of toluene continously for 50 days, showed
higher activity level in the open field test. However, they exhibited lower activity level
in the radial arm maze, so that they obtained smaller number of food pellets at the
first stage of the training.  The result of scopolamine injection test conducted after a
number of maze training for more than 1 month showed that the effects of scopolamine
on working memory were affected by the exposure to toluene ; it induced a shift of dose-
effects curve between the amount of scopolamine and the number of working memory
errors.  This indicated chronic (long lasting after exposure) effects of toluene on the
memory process of rats. It was also suggested that the change of activity level should
be taken into cosideration when the memory process of rats was assessed using this type
of maze. The video tracking system was thought to be an effective tool for this purpose.

2) A relatively simple neurobehavioral test battery for human subjects was made to
assess functional changes after acute exposure to organic solvents. Students of several
vocational training schools were selected as subjects because of the absence of their
chronic exposure experience in years. The neurobehavioral test battery consisted of
memory span, crilical flicker fusion threshold, stability of postural balance, choice
reaction time and stroop interference. Measurements were carried out before and after
the practical training class of painting or shoemaking wherein thinner was being used.
Personal exposure level was also measured to study its relationships with changes in
neurobehavioral functions. As a whole, average exposure levels were very low in these
fields, so that no significant change relating to the personal exposure level was obtained
in each index of the test battery.

The results of the experiments conducted during these 5 years suggest that behavioral
methods are sufficiently effective as a tool for assessing the toxicity of environmental
pollutants quantitatively. However, measurements of cognitive processes in animal
behavior as a functional toxicity test require careful attitude on their interpretation
in qualitative aspects, and detailed hbehavioral observation is essestial. For the
development of human neurobehavioral studies, clarifying the dose-effects relationship
between personal exposure levels and functional cahanges is thought to be of great
importance in order to increase their reliability and validity.

National Institute of Industrial Health

39 Yukio MATSUKI*, Toshiaki TOBE**
and Kuniomi NAKAMURA**
Functional Approach to Length of Life by
Removal of Specific Cause of Death
Bulletin of Ehime College of Health Science, 2, 73-82, 1989

Summary Under a specific mortality distribution of the Gompertz formula, length
of life was expressed by some characteristic values of age. Then we investigated on the
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effect of two parameters in the Gompertz formula to those characteristic ages.
Abridged life table method of age class of every five years was adopted to examine

a variation by removal of a specific cause of death from total death, because the
variation gave appropriate conditions to check up effects of the two parameters. And
for numerical evaluation of the effects we also proposed a device by differential
approximation, and the approximation suggested to fit to actual life table data. As a
result it wassuggested theparameter on power of exponential part in the Gompertz
formula had a great influence on the characteristic age.

‘Ehime College of Health Science

**National Institute of Industrial Health

40 Katsunori HOMMA, Fumio SERITA and Mitsutoshi TAKAYA
Aerosol Generation from Particle Suspension by Ultrasonic

Nebulizer
The 3rd International Aerosol Conference

“AEROSOLS : Science, Industry, Health and Environment” Vol. I,
pp. 231-234, Pergamon Press, Oxford (1990)

Summary  Ultrasonic nebulizer is a useful tool for generation of aerosols from a
suspension of solid particles of high agglomerative property such as super fine metal
fumes and fibrous particles. It was found that generating rate of mists has a tendency
to change with the variation of temperature, liquid level and concentration of suspension
in the mist generating cells on the long-term generation period. In particular, it was
difficult to sufficiently nebulize from a suspension of high particle concentration.  The
above problem has has been solved by reconstructing a new type aerosol generator
modified from a medical type ultrasonic nebulizer having oscillating frequency of 1.TMHz
in combination with a level controller and a cooling unit.  Although generating ability
of the suspension of uniform concentration is an essential property required to the
ulirasonic nebulizer to be adopted here, it has been difficult to improve these ability
satisfactorily. The maximum concentration of suspension we could attain this time did
not exceed 1%. By means of this new generator, generation of aerosol of heavy metal
particles from suspension of super fine [umes and those of the same containing single
fibrous particles of amosite or potassium titanate have been carried out in a similar
way.

National Institute of Industrial Health
6-21-1, Nagao, Tama-ku, Kawasaki-214, Japan
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41 Fumio SERITA, Katsunori HOMMA, Kazuo FUKUDA,
Katsuhiko SAWATARI, Yasutomo SUZUKI and Tadao TOYA
Development of an Inhalation System of High Melting
Point Mental Fumes and its Use for Exposure of Rats to
Chromium and Nickel Fume
Industrial Health, Vol. 28, 185-197, 1990

Summary An experimental inhalation system was developed for fumes generated
from powders of high melting point metals such as chromium, nickel, managanese and
iron. The system consisted of a plasma flame metal sprayer as an fume generator, a
granular bed type fume collector, a fluidized bed aerosol generator, an exposure and a
control chamber of a horizontal-flow type and inhalant monitoring and controlling units.
Performance of the chambers was ensured by a distribution test using flyash as a test
aerosol.

Using this sytem, rats were exposed to chromium fumes for one week or to nickel
fumes for two months. The exposure concentrations of the chromium and nickel fumes
were 1.85+0.55 mg/nf and 0.51%0.15 mg/ nf (mean=SD), near the target levels of 2 mg/
and 0.5 mg/nf, respectively. ~The mass median aerodynamic diameter and the geometric
standard deviation of the chromium fumes were 2.1¢m and 2.00, respectively.  Those of
the nickel fumes were 3.7um and 1.74, respectively. Species analysis of these fume
particles revealed that 26.4% of the total chromium was hexavalent and the residue was
trivalent and that 1-3% of the total nickel was nickel (II) and the residue was nickel (II).
Inhaled-metal concentrations in the lungs showed steady increases with the exposure
periods and were within the normal range of variation.

On the basis of these results, it is concluded that this system is useful for long-term
inhalation experiments using high melting point metal fumes.

National Institute of Industrial Health
6-21-1, Nagao, Tama-ku, Kawasaki-214, Japan

42 Toshihiko MYOJO and Norihiko KOHYAMA
Separation of Asbestos Fibers by Length
— Procedure for Obtaining Different-Length
Samples for Biological Experiments
J. of the Society of Powder Technology Japan, Vol.27, 804-810, 1990

Summary A size-selective procedure has been developed in order to obtain samples
of asbestos fibers of different lengths for use in biological experiments. Short
chrysotile fibers less than 5 gm in length are widely suspected to be less carcinogenic
than longer fibers. The bulk sample of U.I.C.C. standard asbestos (Chrysotile B) was
aerosolized using a Z-component fluidized bed. It was then separated in the dry state
by wire screens (200 mesh and 635 mesh) and a virtual impactor with a cut-off point of
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0.1 g (sufficient weight for in-vitro tests) of a short-fiber fraction that passed through
the wire screens and then onto the fine side of the virtual impactor, and 1.5¢g of a
medium fraction that passed through the 200 mesh screen but did not pass through the
635 mesh screen, were obtained from about 208 of raw material. The length distribution
of the short fiber fraction was 81% of fibers less than 5um long and 96 percent of fibers
less than 10um long. X-ray diffraction analysis revealed that the crystallinity of the
separated chrysotile was not markedly changed. The present dry and mild separation
process that was developed thus successfully avoids any artificial change in the physico-
chemical properties of asbestos fibers.

National Institute of Industrial Health

43 Toshihiko MYOJO
The Effect of Length and Diameter on Deposition of
Fibrous Aerosol in Model Lung Bifurcation
J. Aerosol Sci., Vol. 21, 651-659, 1990

Summary Lung deposition of fibrous aerosol was studied by using a model of the
third lung bifurcation with dimensions based on the symmetric model A of Weibel
( Weibel E. R. (1963) Morphometry of the Human Lung. Springer, Berlin]. The fibrous
aerosols were introduced to the model at steady inspiratory flow conditions : volumetric
flow rates in the parent tube were 31.3 and 62.5nf s™'. Glass fibers which deposited on
the daughter tubes, and then escaped, were observed under a scanning microscope (SEM),
they were divided into three groups according to their length range ; 10-20 g m, 20-40 gm
and 40-80um. The deposited fractions were calculated for each length.  For parts of
the fibres which deposited on, and escaped from, the,tube both the length and diameter
of each fibre were measured, and a joint length-diameter distribution of fibres was
described by a bivariate lognormal distribution. The diameter distributions for each
range of fibre length were used to determine the fractions of deposited fibres ranging
from 0.6 to 2 gm in diameter.

The results indicated that the deposited fractions increased as both the Stokes number
for randomly-oriented fibres and the fibre length increased. In particular, deposited
fractions of small diameter fibres were strongly influenced by their length. These
tendencies agreed with the theoretical results predicted by Harris and Fraser [ (1976) Am.
Ind. Hyg. Assoc. J. 37, 73-89 ], but the deposited fractions were smaller.

National Institute of Industrial Health
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44 Mariko ONO-OGASAWARA" , Mitsuya FURUSE? and
Yoshimi MATSUMURA?"
Determination of Phosphine by Adsoption Sampling with
Modified Silica Gel and Colorimetry of Phosphate
Ind. Health, Vol. 28, 175-184, 1990

Summary A method for determining phosphine was developed using adsorption
sampling followed by colorimetric measurement. Two types of adsobent used in this
study were prepared from silica gel by impregnation with potassium permanganate (1%
w/w) or (mercury(Il) chloride and sodium chloride) (0.2+0.2% w/w). Each adsorbent
(150 mg) packed in a glass tube had the capacity to adsorb 0.3 ppm of phosphine in 3 1
of test gas passing through at a rate of 300 ml/min without breakthrough. The adsorbed
phosphine was desorbed into solutions as phosphate and the recovered phosphate was
determined by ICP-AES or by one of two kinds of colorimetric methods for phosphate
based on the molybdenum blue method, i.e., the colorimetric method following JIS K
0102 and that following the NIOSH Manual of analytical method, No. S332. When 0.01
ppm of phosphine in 3 1 of test gas was adsorbed on the potassium permanganate
adsorbent and determined by the JIS method, 93.8% of the phosphine was recovered as
phosphate with a CV of 12.9% (n=3). This method was applicable to field surveys of
phosphine in workplaces.  The other method with the mercury(Il) chloride adsorbent
followed by the NIOSH method resulted in lower recovery of phosphate in low phosphine
concentration range. ICP-AES was less sensitive than the colorimetries. The effect of
coexistent arsenite or silicate on the colorimetry of phosphate was assessed.

1) Department of Environmental Hygiene,
National Institute of Industrial Health

2) Department of Occupational Diseases,
National Instituto of Industrial Health

45 Yoshimi MATSUMURA®", Mariko ONO-OGASAWARA?®,
and Mitsuya FURUSE?®
Diffusion Processes and Monitoring Methods of Pollutants
Related to High Technology Industries
V. Establishment of Analytical Methods of Airborne
Pollutants
Environmental Research in Japan I, 106-V, 1-10, Environmental
Agency, Japan (1990)

Summary Quantitative monitoring methods of the atmospheric pollutions generated
from high technology industries have been successively studied, and the adsorption
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sampling methods for phosphine and four kinds of ethyleneglycolmonoethers were
developed this year.

TFor adsorption sampling of phosphine, the selection of suitable adsorbents resulted
in the findings that potassium permanganate-impregnated-silica gel and mercuric
chloride-impregnated-silica gel had large enough adsorption capacity and the adsorbed
phosphine on these adsorbents could be quantitatively desorbed into solutions.

The airborne vapours of 4 kinds of ethyleneglycolmonoethers could be collected with
the commercial active carbon tubes packed with coconut-shell active carbon and could be
desorbed with the mixed solvent of methanol and dichloromethane with high efficiency.

The factor determining the sensitivities of the analysis of these vapors were the gas
chromatographic conditions set up for the analysis of the desorbed solvents. By the use
of capillary column and FID, these vapors born in the air could be determined down to
one tenth of the administrative levels of these vapors in workplaces.

9 Department of Environmental Hygiene,

National Institute of Industrial Health, 6-21-1, Nagao, Tama-ku, Kawasaki
Y Department of Occupational Diseases,

National Institute of Industrial Health, 6-21-1, Nagao, Tama-ku, Kawasaki

46 Yoshimi MATSUMURA
Adsorption Equilibria of Organic Vapors on Activated Carbon
Proceedings of The 2nd Korea-Japan Symposium on Sep. Tech.,
Seoul, 371-374, 1990

Summary The adsorption isotherms of 34 kinds of organic vapors at 30°C on an
active carbon were analysed with potential theories to derive the best fitted characteristic
curves and to find out the determining factors of the isotherms depending on the
properties of the adsorbates.

The characteristic curves derived from the isotherms showed dispersed correlation
orders from 0.99 to 3.59. When the logarithmic adsorbed amount and the square
potential were plotted, the correlations were deviated from linearity in the lower vapor
pressure range. The adsorption affinities were derived from the characteristic curves of
the lst-order, 2nd-order and nth-order potential relations, and the reasons of their
difference were attributed to the molecular properties of the adsorbates and the pore
structure of active carbon.

Department of Environmenial Hygiene,
National Institute of Industrial Health, 6-21-1, Nagao, Tama-ku, Kawasaki
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47 Mitsuhiro KUDOV, Kazunori MIZUNUMA",
Takashi TANABE", Hisayoshi ISHIZUKA®,
and Yoshimi MATSUMURA®

Sampling Characteristics of Silica Gel Tubes for Organic
Vapors

Working Environment, Vol. 11, No. 1, 71-75, 1990

Summary Sampling characteristics of six kinds of commercial silica gel tubes
were comparatively studied for organic vapors at various conditions. The examined
organic compounds were methanol and methylethylketone.

The breakthrough time and the adsorption capacity of a kind of silica gel tube
varied in relation to the temperature, the humidity and the drawing rate of a test vapor
flow and the amount of packed silica gel in a tube. The difference of the specific
surface area of silica gel did not cause significant difference of methanol adsorption
capacity in the presence of 80% relative humidity, but it caused some difference of
methylethylketone adsorption capacity.

From the results, the application of silica gel tubes to working environment
measurements should be performed at the optimum conditions without adsorption
breakthrough for each objected vapors.

" Occupational Health Service Center, Japan Industrial Safety
and Health Association
® Hokkaido Safety and Health Service Center, Japan Industrial
Safety and Health Association
 Department of Environmental Hygiene,
National Institute of Industrial Health, 6-21-1, Nagao, Tama-ku, Kawasaki

48 Yoshimi MATSUMURA

Adsorption of The Vapors of Organic and Inorganic
Compounds by Active Carbon
Hyomen, Vol 29, No. 1, 76-84, 1991

‘Sumrnary The properties of active carbon, general concepts of adsorption on
active carbon, and various applications of active carbon to adsorb organic and inorganic
toxic gases are reviewed.

Summaries are presented on the surface chemical properties of active carbon, the
reports on the oxygenated functional groups which can be determined asvolatile matter,
and the inorganic impurity contents. Pore structures are also described in comparison
with the other adsorbents such as silica gel and porous polymer beads with some
examples.  The general concept of the adsorption mechanism on active carbon is
introduced with well fitted experimental and theoretical isotherm equations and with the
measured adsorption isotherms of active carbons. The applications of active carbon to
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remove atmospheric toxic gases such as halogens, halogenated compounds, cyanides,
fumigants, odorous vapors like amines, mercaptans, sulfides and mercury vapor are
presented with references.
Department of Environmental Hygiene, .
National Institute of Industrial Health, 6-21-1, Nagao, Tama-ku, Kawasaki

49 Yoshimi MATSUMURA
Regulation and Standards of Respirators in Japan
Journal of International Respiratory Protection, Vol. 6, 9-20, 1988

Summary Structures and properties of most kinds of respirators in Japanese
market were summed with the review on regulation of dust respirators and gas masks
and Japanese Industrial Standards concerning dust respirators, respirators for paljticles,
disposable dust respirators, powered dust respirators, gas masks, supplied air resplr‘atmj,
self-contained breathing apparatus-compressed air type, oxygen-generating closed circuit
breathing apparatus-chlorate candle type, compressed oxygen open circuit self-contained
breathing apparatus, compressed oxygen closed circuit self-contained breathing apparatus,
self-rescuer for carbon monoxide, oxygen generating type self rescuers and escape
breathing apparatus for miners.

The methods and criteria for national approval tests of dust respirators and gas
masks were also reviews. They include the methods and the conditions of material
tests and functional tests of each kind of gas mask.

Department of Environmental Hygiene,
National Institute of Industrial Health, 6-21-1, Nagao, Tama-ku, Kawasaki

50 Takeshi IWASAKI
Aerodynamic Characteristics of Air Flow into Circular

Exhaust Slot Hoods under Suction
J. Working Environ. Vol. 12 (2), p.61-71 1991

Summary  On the series of circular exhaust hoods of various slot width and one
circular opening size, the aerodynamic characteristics were studied by the measurements
of velocity contours and the pressure loss of the air flow, from which two experimental
equations were proposed, i.e., the equation on the velocity along the radial axis at the
level of the circular slot and that on the velocity along the centerline of the circular
opening.

The velocity along the radial axis was presented with an equation including the
variables of relative velocity in per cent against the average velocity at the face of the
slot opening and the relative axial distance against the slot width, and gives a uniform
axial velocity-distance curve for different flow rates and different slot widths.
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The centerline velocity equation represented the measured velocities at the points Xc
along the centerline from the circular opening, which reached close to zero at zero
distance at any slot widths and the velocity at the increasing distance from the circular
opening was influenced by the slot width. It was kepl constant at any slot widths at
the larger distance than Xe¢/W = 20 where Xc is the distance from the circular opening
and W is the slot width.

These results allow as to obtain the ceterline velocity equation of the air flow at the
slot opening and circular opening under suction, which is necessary for designing
circular exhaust slot hoods.

Department of Human Environmental Engineering,
National Institute of Industrial Health, 21-1, Nagao 6-chome,
Tama-ku, Kawasaki-shi, Kanagawa 214, Japan

61 Hisao YOTSUMOTO

Effects of Cross Currents on Air Flow Patterns of Local
Exhaust Hoods
J. Working Environ., Vol. 12 (1), 57-64, 1991

Summary  In designing a local exhaust hood, one of the problems is the existence
of cross current in workshop.

The hood should be equipped with one of industrial equipments at the beginning of
the factory construction. However, it is the actual condition that the exhaust hoods are
usually installed after the workshops were built. Therefore, there are no suitable
places to install the hood, and the air flow of the hood is badly influenced by the cross
current in the workshop.

Accordingly, the hood does not work the essential function.

This report is the results of examination on the effect of suction flow under the cross
currents in a labolatory. The research was made by changing direction of the cross
currents, the back, the side and the front against the plain or franged opening in the
suction side, and the velocities in the suction opening were measured by air meter.

The smallest influence in the suction air flow was the current from the front, and
the largest was the back, but it was found that the cross current from the back was able
to control completely by fixing the flange to the plain opening.

By attaching the flange to the plain opening, the influence of the cross currents
became much smaller than the plain opening.

It was recognized that the hoods of canopy type would design to be cautious of the
cross currents from the side flow.

National Institute of Industrial Health
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