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BRI & B FRRAMEIE T S RMRBET T 5, ZORUMEIOEFE o & HELES & b
AROTHAN ., BRI B A ABA QTSRS E (Co.). BMENRE
(Voo), DR (Q). MIBEHE (QXCaoy) FHE LI,

Peos 50Torr KoMl 1B, RUEBHO VTN L HIME NI, Vo, HEKIFR
LR SIBFEOEBE L SV E TR BE—ETE LS v oiw L, (BRI IREH]
HE B &SRR L S VT, BEEREI AL TVo, SR L, THRbS, FIRE
Bk - THBBRHBEIBE SN VRETR, BEE. MHHEORD IR - THBHLTE
et Vo METT360E%% 515,

(60T AAEE S &K ERETE)
12. BRIL¥BERERWBEEIOT ST — 2L 3L BRP AT -0
72 UDNT

‘ ] R = R S
ARERRD S v b ODER Q00pD) OAF2—-AT7T I AT S EE2TNELTE
RULFRMEBRER Wik 7 o= b 757« — (BCDE) CXBRMAF2-17 L ¥ D5
Wik EfET Utce GERO ECD BIEAEEQEM & &\ 5 RS S » 7245, Peaston (1988)
B7 3/ 7= FoYBA S5 Ak MELTIMEEREERRL TW5, e iZT0ENUOKN
AR L,



R O AR (82 ~85%6 TALERA &b 1 A HISE OTFBIE I 5 %611 F 0 B SE e &
Mo 10B0RVEINSRTAELC B d B BRI, 40 L BRI T B, 270, BERD THI 5 & AKHk & 0
Rlic RWOAHBISE S e, BECD EREHENRD THI it R TEENEETH . L SEEHS
B CHMTS 3 L0 3 BREELTH Y., AR TR L FEES®, BAMEERT &
Ebn b,

(OIS A AT

13 BERHEHFOBRBRITTIHBIEEORE ()
5K B Z-F HOE-E B OE FOARE X A

BEBYOANLDOBELRHBAFICL S L ENLFRGEBROREN L ERELL THWAEY,
WEAFBHEFIC L > TEDOL S LIERENERT (EREMELEEE 1R ERT. R
HICIEREMRE A R S 2 3 DM EY #sﬁ}o’CL\fJL‘o AR FIERIC L O, BEFEE
Fic & » TETAHEEEEZRVE L, S INLOEEEEL e b o@BAVETE
BTEBZL) CHEEMOBEREZITY bDTH 3,

WEEERL I3, BEAMOERE LTEAMNR ML AZWMY B, 5w FZ2HVWTS » Ao
(R +5EfE) A P v ROBDELENERET > o, SEEERER 73 -7 2 YOl
B T v b ODIBHEORER & 3 BRI & 0BMERENEET 720 5 » AOARN
EROTUMEER. (1) I, BRES 1~ 2 EIEHT 3 MF LRAEC 5, (2)
HEABREREIRI b/, THB, (2) OERIEZS2VWTES v bOMfha LR
Fo—AOENE FOTREDDBHEVDT, B VAFo-TFy PEHVEARERI
LD ESIBNTAMENHBEELON S,

(E65[E| B REER W EELTR)

14, HMI T H3ERETIT/ IR

® O it « Sasitorn Taptagaporn

I i B XNxxe8f K FhxeoFm B J=

O+ BRERIERIA » ARMAE, + » BEEXR - BRL * » «EELZTEA)
RSB 2 VDT MBF A 0N & b, BIEPEEE M oRBEP 74+ X 7
VA BEDHAZNERENBEH#HICS>VWT, CATTREL DEHRNS 2, TASHEHEo LS
JIVRARHETEHMI (ba—=vevv v eV 72—2) 2£45HNT, HHRED



WIERAEF P AR & RE O LTI L OBb b Ko W TERIIKRF L TET W3, 2
PR s, BREREDY, ST, WELAEIC % 5, BB & HRY 5 A MRS SR T
Bl Lickb, BT s PEN N EEERNCERT 3WHET - TV 5,

(ABIT2., 27. 1991 : HCI International 91, Stuttgart)

15, BEF TOEXEIE En ERBEICRIFTHYE

= B Lk th-fF B AR
ARSI SR BIT L TETW3, Tokdic, HEORBIESE - BE bicEls
WAL S 2 00, BEKICEOMBIC>WTRE LFIRZ L (. KROTH 2804
B\, £2T, SFERIERT CREMFELAM L. TOoBRICERS N BROMEIL VT,
WRMEIREE Y 775 7 4 ZHOTHREH Ui, BB TFREEEWMREL LTHY. 22038
S mIEASICE| b YT, FO—% working k& L, b5 % relaxing & & L,
working &, relaxing &H& bFIGH EEERONE (fE¥ : 10:30-18:00, HEAE : 23:00-
07:00) {E[E—ic L7zo working SR OERB 34F] 1 W TEEE AR L. 02:00-07: 00D [
IE% & &7z, relaxing SAEILFH 2 O AIRE TOM, HHESTVERSZ S L TH IS¢
oo SEEREI OEEIRIC o\ CHEREIE & SECHIE L bR, 2 > ORI B R G b i
Motie Livl, BERMEEE FET ok D7 -2 b AGIRT A2 L THBRE S (0.5-
4.0Hz) ~¥7 —{fiid. working &0 relaxing &b B LTEBELBLLTWEC L
MHEEE N, HERENOEREARE VI AED SFEEEMA TV TFETH 5,
(360 B R EH SRR TE)

16. WEBRARV IS T4 EHERIEY, 1 VY VOEL
B IF eH,® ¥ #H ol X B E-E B EBEF
s f 2B % % BB E B H B

CHFEERERRE  WEHMESHE)

BRI & BEROREA VT Y (GH) BIUA v R Y v OEE & OMEE 2RI T 5
b, BERABEICREIERE ) 757 4275 &b, W04 TEREM=LTGH &4
AR vOMASESES a4 ATy 240 d - THEL . BIENEE FFT itk bty —
Ry kSR LT, BEIRGHE (0.5-2.0 Hz) @7 —fEERD I, ThETOHR TR, E

It 3n



AR (HER R oo g » BMEEREERM T 2 L 3hTVw3, —F, BREHORIE - F{bAR IR
bt nEr CHIERANE Y EA YR ) Y BERFEILAHELES ST T 3AEEEN S
B, F T, kl*Delta Power=Lk2* GH+k3 * Insulin & VWS EERNEZ T, —KOERER
BOFALERERNVEYBLUA Y2 YORELOMEEEZTHIL 2. ZORKR. —Broh
THRREGE ERESVE v BRUM Y2 ) vidb R —HRLAE{LERL-bOD, 4HiE(E
# - EitRRic BT BitoRbs v T v OBS L ABRROL2 k3O B ERH & & ok
THRRENH BT EMREENI, ‘
(21 B AR « HrRREaPH e

17. ERFOEICDONT

# BH F #-F & F F-8 N B B GEIVNEHEEZ ) =9 )

N T oE i (RIERARERD T K R FeOh M B ZEF B OB OB

A& = = (FEEEED

S FNEFROMRRE 2 H T SRS L BRI IHRE S MR LERA Y 75 7RV,

HEAR ST O D 4ET) twitch movement (TM) OFRIC Lo L S WHERMESE L TVWAE 0
PERE U, BEERR., FHTHEAETA 2T 2 8EEETEY R =7 (EERRE -
Y REROREL LTELOR TV B, LT, HPD) DILH. KU —HIARE R 5
BHHRZE (EEZE TR « 2 S URERERIcRENED o) 2HT5440TEH-
foo IEWEEIAITS - /e TM OEEER, BEHHERE, 204V U EORIET, FrittEmH
TEENERAIY R L., 0.5 BLT oSN TH 2 & & L. Bic REM BEREfICHBRT 5
T™ %EH Uico TM HIBS S, IEETEE HPD BETERSS{ N3 LD Lk, HPD BT
RIEEBICH L TRERT L L DUL -, BEEREREMARZ. Chs 2B X0 TM
BRI LT, &1, BIEEEATICA 57 5 REM IR o TMid, E¥# & HPD &
Ebic, AlR®RO REM EEIEH L THEEHME <, WRZEMNS 2 C LdiRani, BH
RGP —ov 3 BRI A S 2BERE L L HAEEIICE T 2R &L EDEREZE L,
EiEH o TM RIS AINEEZSHES L TyvwsEiErs s & 2TIEB L,
CR21E A AN « HERRESFWIASTRE 1991.11,713-15.44)



18. BEREFPOEENICRIZTT MR OF
wOH F M-F N F F-E N B B GRINEMRERY =)
NOE O (EBERAHED)

EIRFOEIOPTE, —oOHCERL T4 5N A CHEE) twitch movement (TM)
OHBHIC> VT, FEIZ LBV ERE L, WRZEBRIHEERELL (B84, L34)
E L. 3HHRKREREIESRY 75 7 (N, BIRED., EHHER. OBR. FRRiHD £1T-
too MENEEEME OYE 1, Rechtschaffen and Kales (1968 DYIFERAEICHE > TAWz R o 7 T
Tt ™™ OME TR, HERO b L — 2 5HEMNIE TM OHBMERA 205, 0K
0u VY LEORIFETS 2 2 & RURKSEREREML SRE L. 0.5BRUTORRTH ST
LEEHEE L, TM oMZEIE, BES 1 B, SE 4B TR L, REM ERT
WL iz, i< REM BIRb T3, REM REORSIREIS R 2 2icohT, ™M HEEH
Wind % &0 S HHEBERSH » 7o, 20 T™M HEH & REM EIRORHE R & OB FR T
b &g, WEEE IBICST. TM OFERIC L 380 AT, ToFE, BEHETIE TM
HBEAEGE  FRSE 2N THED L, PLLOER, RUTEROMEIRE OFL)
BT BB 5. TM OHBIFIRKESH5 2 EE R LT,
(HALEFLMEEEIASRRAKE 1991.10,729-31 /L&)

19, BIRPOFEN 0T vibEHOoSTERE
# H B4 b &E

AT o EEORMERBREVEBREEINI LS L s EB o AU RRE
ZEGE L, BRENLARK. HTK FANEENLTINSDFB ¥ LML O
RICEINE M2 EMBRENT VS, 2T, KERUAREEZNRA N2 oDT L,
FhtsyomnFLy, LLl-tY7enxs 03 BB 0y VLAY EER MRS
sk 3 HEE R L, &9, KOMFICERIRBEANTETHEZLEZSRTVE Ny
FRR—RERE BNy FAR—ZFRAI 2w 57727 MV ECD BiEE/ME L
FEL o WTHE Uiz, BRIOMIO~ 9 FR~— 251 7T 2mlOFEE An i,
45°CTIHEOMBDH, <4 TLOFMH ImlEHF A7 o lcBALF + EF ) =4 5 6 TH
B U EESIRIERRER R D ECD TER T 2 Hic L D RIHRAS 0.1ppb L X & THHT
% AMBETESER ., —H KRSV TH—EROARE I =R v 7V TEERF 2 —
ZiBS (500ml/min) L, AGHEEENTO3EE o5 LAY EEERICRES €4
U7, HEHRARIIT S 5o HHERBGER, ~+ ¥ ¥ TH#E L. GC—MS—ECD %8



THMERT AHEICLYD ppt VRV OSIRAEREE 1S 5 2,
CEhk 3 R EFE 2R

0. BEROA#ENOS VILEYMORE

# o HZ-4 1l BEY
KEORKTD IWOEH o7 (LEMOHBRREOTEEEIT » 1o 589, REAK. #K
BEUNTERL kERoB&cR, 1L11-r Yooy v, ) SunnFryBUFt
S57unzF b rOFNENOEERKEKTL.6ppb, 4.0ppb, 0.35ppb, Bk (A) 130.33
ppb, 0.73ppb, 0.l1ppb, @7k (B) & 0.002ppb, 0.002ppb, 0.003ppb, JII (A) i20.14pph,
0.39ppb, 2.38ppbTH -1z —~FH. CHIRO AR EENOETR DLW TORIEFN TIE I D
FhoFf or L&D bR S hic, FRHBOKEZ VHREIIARORKTL,1,1- b Y
JuwoxgThppbh, PV oo F Ly T03pph, FFFF OO LF LY T0IphTH -t
ZHROFERTRILLI-FV2a00xc sy »Tl4pph, P2 ooxF v T0.006pph, 732
gnxF b T0002ppbTH =7 CHHDEMIEVTNOEIGATORRTH - T ki
REE TRV TIEYNREEZRT O TRMWA, HLrOFTILHBRPRTOPIREF
ppb—ppt D LA TINS 3EOFE N oy EERMEENTEBY, TS 3IBOLEY
OFERRAZH R L0 ER Y, /o, EHOBHECIVEFsATVWE 3EoEH oy v
LA LELRSELTLBITREE NI,
CER 3 FHRIRRSFARER

. B3 RINEIETOERILR/IOKRREE S L U2 OB ORASH
o aL0 -8 H 0 OE

MEEIcF| EkiE. MY sooxFLy, Fh5snoxFLy 1,1,1-FYyrooxs
vEED BT .

w7 AT, REAHERAL L TEKEREE,» 6 L, AL L TEERER, L L0 o0
B ACEE S IR, I, T BRoslficowT, BREhBROREFRE LT
Y ORZTHIEL /0

BSEPRTRVWINOMBMTLERERZ, Fro/nnzFLvy>>rYsonnF Ly
>1,1,1-rUZ2ooxy yOlETHH, R@HE, P Z2ornFLy>>Fbosoo
zFLy>1,1,1-by ooz YOIFKEh -,



BEENCRBFERCHEFIMOZR T h ok, BRIV 700z F Ly >D>F 57
pexFlLry>l, 1, 1-rU ooz y vOlficEhatc,
o, ToORINERE b, CoRFERBELABEATE, BRIENER. RURENME b
i, P E B EOBETERSNTWA T &bk o7,

22, MRERICRIFTIVIAFILORE
— aNVFERKPIVRT =T ¥ —
H H & A

7 F ALK EOBEERI T Bionic, MERETICEET AR ) Y ERAER T Y
A7 27— ¥OIERICHT 2 I b FUOBEBERE L, avibs FE 7y MTHEE
D4y oy —sEEEHICBASES & KOBEORWE /3 - PR & ERR I LB
BELBWTHEORERZDEBC L, REIEEMCOLABERTHO, BEOE,L b
MO EHRRIEB VTS SN S ERENTRFISHEL TV 5,

LWEDOS NS A F A VTRRFEHCIEWBTES, VFAALA P —VEETNEFHIE
MIBEEBC Ui, SOOI, 7+ MRS 2R8I, vy 74 v itk Bl
TSRS B L TRE O L D EC A3 25X 5N,

av b FAhBF oW Tk, RBOBRET /MIFERD 3 o{bx 5 VIBEERET 25,
J D ERETAT ARRANESERBT AERS CILLETH 5,

(HHE5E HARERMAE 2BV THRR)

23, HEBERBICEITIBRERID
— AN VYRARISFT VAT 2T —
5 H & A
AYrFRFPIVYAT 25— Hi}, HRELROTERSTHEHRAT > F VNI Y vEL
R BMHETH 2. B OBELTBESTET IERT O OOREIcMT 2N EhM T
BNTWAE b, F5IL0ABICE W TERELEIGHF A8 i BBt S i n—2 DR
EELOND, I OREOTIEE. BREOREIFEAHS i L, Rihiicimb -
FTOFS | PSRRI S 2 ZBEELRIFT 227000, DAVEHNGEHNO b & THEK
BEARNT APACISATE 3, TOAD SIEAETHRE Lo ERNHIE 1T - /.
PMIEEDICEN THEET 3BROREEEL . ThEBHEORF » 7THY, A%



FICBRICIES 20 AT 3BT H 500, HAEFTHRIIL TULEW, RICEDRAIIHI
R THE S W AR TEMRAEESRH S W R VEHERE L, ThidBROERE
FIRSEE MRS 2600 &5 50, RREROTMEEOTIRS 5, B, BET v 2/ ERFI
DOTHRBEHBHETH B,

2. WRERCRET7ANI FORE
H B & A-m L E EbR B E

PIE. 7 AR b SHIEERICIER T 22 RR T 2 MR EME Lot CERZEREER).
HEMITIETRE 7 ANR b & OMEFAIC &> THIEASHIR S 1o & S hAEMELL S & L,
R A 7otk % & D F -7 Balb/ST3 MRS B W THRMOEE~D & DAAHZHE L
2o

RRAT P FUONITN Y, FRAF 7 F YNNI/ —ATIY, ATa¥yT i) YEDFES
FrSRECBVT, 2V SANVBPRTEDARZER LSEEBTHET 2 &0 5 ZHEOER
W AWEHTERTE I, WHWE Py A 7 VBS54 20, I§EEZ )V ¥4 VOMHELE
ArHEET 2, B>V TRSROBETH 3,

25, LIMRRBICKDHMHEEY v DE{LDET
I B R R OE HE

VEEBE T OMIMERE, 204V YERRIC LNl 505 2 EARREICER T
BEBIET 5100, HERERBEREDE D - % QEEBEBI > WTREROMIEN S v
2 OFEALE VD EED SR ET o 7. BAROPTHRBL L 0RLEAT A VvE— b5
CEEE LS B UVB &1 5320-280nm DIEED LD TH 3, HFOMBEPITD UVB O x
FNF—2RT bl a T, ERELPRE2 2 TRIEPREEERSHEIZLS &,
FHEBPHT LAE MBI 5, REREREOMIEEHNE L, & /vy OELEHEHBITHR
HY 2 72 O ORETEIT - foo BRUKTIZE 5 W TERARRE &RV 1 BE Bk O
faw & vy 25380, HBOMIED 7 vty Dy — v E BT 3 & WSR2 WTRE
Ltzo EAEKEI X OATRESkd (HED S /87 OEENED Sk, SBRIBEE LMY
BOWME 2 BFIHRE LT, UVB SEROBEREOENROBE LR LTy (FHE
TH b,

(BT . HIBREEHT D)




26. ERRREOEYFENE=S Y YT EORHFK

| e/ R E -l H B BA-H K ®

KB X CHk. 23
AruFAidy (MD GEABRE VFUSAAEETEY, FETMIC S 3 HEE
SEORBIEL LTHHEEAONE, COLDIEL FEREORMEM Y » Ko MT %
LT AEMREN T2y v/ REAL, ThETREEC T2 MT OBKENEE S L TER
oK/ RGetaEk (EN61 » 63FEMAEH) £BIFEL TE . TOEMMLIm, Fikdmd )
AR MT OHIECHATEED &5 pERE Lz, 4 BORARES &L 0 RELL MK &
DY v BRE T 4 - NEICEIDRBL, ~2 07 —V2BRELABEAOEBEDCL IS
HRRE L U v BfilHikhoRA% SDS BRIKENIT X b o8k, FEffmick o MT %
WM Lo BEERh o X8 ) v BROEEREN%L ETH D, Cd BERENIKEERD
ETARSh e, WFNOBREICS VTS, 0.5~20uM @ Cd BFick L TBREKREMNIC
MT OFESBD N, TNODERR, REFBEROBARBOEMENT =5 ) vV
KRIATE ZAEEIETCHEVIEERL TS, Bic0buMO Cd BEREBROEKERT
FoMpEE <, EEAERTE S,
(Ind. Health #FETE

2. XHOQFFRAVTAY T + —LOEKKESH
R OE EA W R B X ff CFER B

BRI 3ERKIGIKEES T2 BA4TFRED. A Ftx4y (MD) i, £+ T
BIBED T A V7 5 — ADFET D, THHDTA V72— sDFABLED LS ISHEEERE -
TWADMp, FLEEE MTBVWTIOX I LERERT O RhEEAICRREV L, HH
B MT 74 V7 4 — 2 0EWET= 5 — T BEYULFEST WAEDRFELEA TV
Vo A DT TIRE U BSOS EESIKEE I X 2 EE OO (HFIGEFER) ool
BT HLEILNZ0T, B4 0N (REEEMIE. DMESR. e r) ¥ ) o
MT 2&FEc X 0S8 L, Bx0hE (7= Y-, HRE, F— 739475 574-) T
i E RS, WREERE L, TOHR. WIhOBETBLTLRIFRTAV I+ — 4D
SRR S CORBESECEFORBRICFIATETS 2 LA EP D BN, T
MT 74 ¥ 7+ — L D5 T 2ESFREABOCHFEE S SIWEDEH. PIR-P Y ¥y
REATH v A 7 5 DBAEIRET U oo T OB 137 VEAER G TR & Ot E &8
BETHO, MT 74 v 7 4 — 2 ONMiEm LSRR T B TER,

(BR64ME D AR bk FER)



28, 70T vTEERAWEDENEREEORE
R OB EeH K H-K B X # (%R B
BAEY R RBIEEEDOSE L XN I EEWEFI00MT{ H 3 24, TORHHFIEH>NT
HEYSHEEABONTVWAVWONERTH 5, BeBHEERFZOFEL LT, BERIKETS
L AMREEAMECESE L, 205 5BE0 Yo~ 7 LOABM e BAE RT3
FiE (BEHZay 74 v 7E) K20 TRET LA, RENCHEORL 3 280 70— 7%
Tokdcfvi, OBREFORNESEEEE T35  FEPHCHGT 3 8ET OFRE
R 2RS4 DNA 2 RIE#S LT Yo -7 & L, REBELQERET 2, O@FEWE £ RE
b9 2 EHEHEEE T IHE  Bilis W - AENEEEE Vo - 7L LTehe o s 2
HHEMHT 5, EFAERELT, QTRAF0FF %2 4M vBETO MRE Bf| 70— 7
ZRV, £ oML DIk OFERE, @TR™C Fo—7&AVv ey R VR D49k,
90k, 100kDEAZFEIMICRING 5T LM TEI, COLIRTFETRHESLBHOESE
WBE N T 2 EHERENB L RL DTSN RBIEEORBLIFTE 5,
(32Rk 3 EEEN SR T HBRITEHEE |« Chem.-Biol. Interact. 80, 145-157, 1991)

29, E€REFEOREDEMMEE b DMk OERE

N R OE &
BERickbAzaF4x4y (MD) BEFHEDLIKHHTERTLEILERH~NLZ—
OFRE LT, WA 2 RGOS EDTH B4, BHEDOLT AT DL S W
BohTwiEy, ok, EREIEBEESIT 2 AT MT Bz T OHEESIc L i
W GALSTHE AR & 5 = v APk OBEE 2 A7z, COLDHHERTRESBF
& 3 MT OFEEIC I GAISTRIERET (neo) BHERT IO L. FEHERFCEIRE LY
Wi GAIBTFEAET CHIMIRAEFRE TR BV, b GAUSTHEEEEIc LT, BESBIcE 55
PR LLERK LR HOBKE LTHATE 2, MT BHiER —neo #aTFEdH oKX
BEZ 723 FEMEL, w9 AC—12T8 XL —020Ic AR, SRORERE iR
BRERE Ll ¥ ¥ rBRU/ —Frioy MERXZBINOHEE, Ch 0o 3
fFhiz 75 2 3 F DNA 2{RFFL. MT FHEANC LD neo BT ERET 22 B8BB LN
foo FRFEFEHGCRGLUS L MRASBHEs L, ThoDRESHOERKREM I
WTHREEZL bR B,
(Ind. Health 29, 93—102, 1991)
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30. BErXFOFFRA VRIEFORDERD ORI
N RO B8R Wk B X i CFEA I

M EEME BB END EMohDORISGERT I, 0% CHEFED D OFHRIEE
£ bhb, CONIGREBRERTORB(EEESCTLENE W, BEPHD Y 7 F B0 HI
METCRES N A0 ERENDS & BERSRBOMRICRY b bh, RET=9) ¥
THEOMFEIC B VT OIERICEHRTH 2, TOLBI4IESRICHT 2MRIGICHES 3
EA, AFaFt ity MDD OREFOHEA A=Al 0WTHEZED, 2 BORKE
FEEMSEL 2 ZRF & Zn i & © DNA EESHESTEMEL s, MREBP &Cd, Zn, Cu i<
ZoMflan s, CER2EEER chdsoBHOMRIC-EFRFEMA. LT OKR
81, QWTFNOBHLELBERBE N TORVIMIRGRELT 3, @chdsdnwiid
DNA k@ MRE ic#a 7 2082 0BET OREEI O T ILAEL 5, @IRF I MREBP
L EWEF] (~32bp) BHEESRMETHE, CNODHERLD, CO2HEOHEBBEEL
7 DNA BEFlicEa T 23MHoRFTH 0, MENKARSN TV 2BELHHOSREA 4 ~
BCIRTIT U C DNA fEARBEMER T 5 T L b hic i - e,

(E814[E] A5 TAMIE A EARER)

31. B bXFO0FFRA VBRIEFOESRHMELTI OMERT
i H # BA-/N R E EH-8B5 K 1
EbAseFird y (MT) BEFOAGRMEZES TS LBNT, ZORER (M
RE) OBEEMRIF%fT -7 MRE/AARZXF IV v+ —¥F0E—9y—//054L7 20—
NTEFANTYAT =54 (CAT) HEETFERALLAKBE 75 % 3 FEHEL,
B b ER Hela fll@icd8EA Uik, Mlafiish o CAT B2 RIES BT Ltk b MRE @
FHEE R, DT ofRAZ S0« OMRE B Z2S4328EEN (bp) 04 VT X 7
LA F F i CAT BET- ORBICESBIKELEEMN ST 525, 18bp DO OHEHEK L
TWi, @MRE @2 ¥ —¥elid 3 CEERBKEFEED CAT BEESHEML 2, @BE—DO M
RE #3 Cd\ Zn. Cu D ¥ 7'+ VelmEL o, JRHIRF ZRF 1318bp © MRE # ) % 7 v &
F FICREBATEN VI &% ZRF . MREBP @ DNA #E&tE0BELBIEFE EiR) 251
Ghe B L, ZRF i 7n AT T20p RESFICES LT MT #TFofEHECEE L, MR
EBP i218bp BEEFicHEA L TERBIEFELT TAREL MT O Ak E MGl 4 2 Bk % f > #5
HFTH b LIRES NI,
(H14[E O AR FENFESESTEH)

-



32, S MIMRIEEFERICEITIZ A 0FF MY ORBIE
MmN OBOF

AruFtxd v (MDD BESBEEERCEERLVENBSBOEREICMS 3 2 M
HRy A7 EHELTHESNRTE , B0, cOMT BERIRGERT I EFELMIC
Eho0 T, MT OHBTHEIE S BN TOMEZMIET 5201, in vitro EFVROMEE
HBtoo Wister REES » p 2V, FFEAVERS 2013 CCL ORGSR L OIFREFHES
. 4R ITEEMRESRE L, BEEEET» k. ELEEFEERRCIASERE,
CCL #RM L7 in vitro BEEEF AV &/F8IL7, 3. 6. 12, 24 EEE L, i MT i
Ak RO o BB RO I & D YR, S — P - BRI E M L T MT o4l
ABFEERE T, FUREOBRIFIE TR aAESR12058E < 9 22 Lot T <
s, UFHETOREBREBEA TV, FRAFHAROYAREMET LA TRERKE
Td - fodi, in vitro COl FHRHREE T 7L TR T H - foo. MR & h RO #
REFEI BT MT BEABITT 5 0 EMRIES Rico AFFREEIFL, EINIHEZ, AR
B#. ZHB GREE | ARNED. BRES, Lk (BXE) BRLOHRENIETS 5,
(BUIE R O ARSI TR '

33, In vitro B & E
— BB OB DN T —
o B X

SR AR EELERE2 O LTV EAE 30 ? VI RMERE, 20RPALDE
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Emotions and stress hormones (2)

Effects of difficulties in performing a mental task on urirary excretion of

free cortisol and catecholamings in men rrrrerreresrererarirmiieieerer e

Keiichi Miki, Ayako Sudo, Naomi Yatomi * and Eiichi
Kamimura * * ( * Department of Psychiatlry, Tokyo
Metropolitan Institute of Gerontology, * * Faculty of Human

Science, Waseda University)

. Urinary Excretion of stress hormones in men during mental work (13}

Working hours and noradrenaline excretion «= - e,

Keiichi Miki and Ayako Sude

. Measurement of total protein in human saliva soeeesresinim

Ayako Sudo and Keiichi Miki

. Urinary excretion of corticosterone and catecholamines in the rat under

stressful conditions (4)

Effects of simultaneous exposure to noise and box-insertion stregg —rrerreererers

Ayako Sudo and Keiichi Miki

. Circadian rhythms of urinary excretion of catecholamines and corticosterone

in the rat under reversed h'_ght_dark COI’]ditiOl’lS ........................................................

Ayako Sudo and Keiichi Miki

. Workload and fatigue during 10 hours of paced caleculating task --=------r-srrremrinn

Toshio Kakizaki, Tatsuo Oka and Shizue Kurimori

. Study on thermal comfort and the related factors

Development of an experimental apparatus and preliminary study on the

effect, Of aging on thermal Comfort ..................................................................
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. Thermoregulatory characteristics of the spontaneously hypertensive rat (SHR)

under verious ambient temperature conditions reerreeer

Shin-ichi Sawada

. Effect of local cooling on peripheral neuromuscular funtion

Analysis of electrophysiological indices by using an animal experimental

system ............................................................................................................
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Measurements of respiratory function in the rat «recreeremanminie .,

Rycko Maruyama

Respiratory and cardiovascular regulation of oxygen transport to tissue during

acute hypoma .......................................................................... eesrennesene
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{ * Department of Physiology School of Medicine, Chiba University)
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Kenji Iwasaki, Tatsuc Cka, Hiroko Kyono and Hisayo Kubota
Visual ergonomics in human-machine interface «r-oormrrrrrreremr i e, 13
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Hiroshi Tsuruta and Midori Sotoyama
Surveillance of organic halogen compouﬁds in the environment s, 17
Hiroshi Tsuruta and Midori Sctoyama
Distribution of chlorinated hydrocarbone and their metabolites in mice by
different rOuteS ............................................................................................................ 17
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A method for simultaneous determination of different metabolites of organic
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Megumi Kanada, Hiroshi Jonai and Takeshi Honma
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Kazuo Fukuda, Tadao Toya and Shin-ichi Kishida
Effects of NO: exposure on the rats with experimentally induced bronchiolitis (2)
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Study on the adsorption systems of organic vapors in working environment-1
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Yoshimi Matsumura and Hireyuki Yoshida #*
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Yoshimi Matsumura and Seiichiro Kanno
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Yoshimi Matsumura, Mariko Ono-Ogasawara and Mitsuya Furuse
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Mariko Ono-Ogasawara, Mitsuya Furuse and Yoshimi Matsumura
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Mitsuya Furuse, Mariko Ono-Ogasawara and Yoshimi Matsumura

Design of continuous generation system for low concentration standard gag:=«wreeer
Mitsuya Furuse

Generation of primary fuzzy databases for risk assessment of chemical

Substﬁnces ..................................................................................................................
Katsuhiko Sawatari

Speciation of vanadium (I, IV and V) oxides by high performance liquid

CHTOITATOGIADRY  ++ewrr e sss s sors e st
Katsuhiko Sawatari and Miisutoshi Takaya
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Mitsutoshi Takaya and Katsuhiko Sawatari
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Seiichiro Kanno and Yukio Yanagisawsa *

{ * Harvard School of Public Health)

A gas chromatographic determination ol methyl iodide using a diffusive

sampler and thermal desorplion rereseser e s
Seiichiro Kanno

Thermal effect of infrared radiation on the gyg crrrvrermrrrsrresresmernr e
Tsutomu Ckuno
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Tsutomu Okuno
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Norihiko Kohyama and Shizue Kurimori

Development of quantitative method of ashestos in serpentinite (2  rorrrermrrmarinn

Norihiko Kohyama
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Biological effects of low level exposure of ashastos (V) oo, 40
—Analysis of primary factor on high mobility of chrysotile in human body——
Noarihiko kohyama and Toshihiko Myojo

Biological effects of low level exposure of asbestos (VI)  wreereeriemiiimiiin, 40

Comparison of asbestos level in the lungs and pleural plaques on
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Yoshiharu Yonekawa and Kazuo Kanada
Measurement of vehicle vibration and simulation of vibration transmission «-=-x-=crrererees 45
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3. Collected Abstracts from the Publications in 1991

1  Avako SUDO
Evaluation of Workload in Middle-Aged Steel Workers by
Measuring Urinary Excretion of Catecholamines and Cortisol
Jpn. J. Ind. Health, Vol. 33, 475-484, 1991

Summary To evaluate physical and mental workload in middle-aged workers,
urinary excretion of catechclamines and cortisol and self-reported scores of fatigue, stress
and arousal in middle-aged steel workers were compared with those in young steel workers.
Noradrenaline excretion in the daytime of the day-off was higher in the middle-aged
workers than in the young workers. On work days, noradrenaline excretion during the
working daytime increased in both age groups, as compared with that measured on the day-
off, The work-related increase in noradrenaline excretion was more evident in the middle-
aged group than in the young group. Adrenaline excretion during the working daytime was
greater in the middle-aged group than that in the young group, whereas the adrenaline value on
the day-off was almost the same in the two age-groups. Age related differences were
scarcely observable in dopamine and cortisol excretion. These findings suggest that the
workload in the middle-aged workers was greater than that in the young workers.

However, self-reported scores of fatigue and stress in the middle-aged workers were less
than those in the young workers, suggesting inconsistency between subjective scores of
workload and urinary levels of catecholamines.

These age-related differences in urinary levels of noradrenaline and adrenaline were not
so obvious in the workers engaged in automated and mechanized work (vigilance tasks), as
compared with less automated and less mechanized work responsibilities. We can
speculate that factory automation might reduce the workload in middle-aged workers.

Department of Industrial Physiology,
National Institute of Industrial Health

2  Hethachiro ARITO and Masaya TAKAHASHI
Effects of Aging on Contingent Negative Variation and
Reaction Time
Japanese Journal of Industrial Health, Vol. 33, 170-178, 199}

Summary Contingent negative variations {CNV) were recorded at Cz for young,
middle-aged and elderly groups of male and female subjects loaded with simple and
discriminative sensory motor tasks. Bach task consisted of repeated single trials in which a
warning signal (81) of click tone was followed 4.0s later by an imperative visual signal (S2)
to which a quick motor response was required. The reaction time to S2 was also measured.
In the simple task, a white circle of S2 was presented at probability of 75% on CRT screen,
whereas in the discriminative task the subject was given either a green or red circle of 52 on
CRT and asked to respond only to a green 52 with keypressing. The negative component of the
S51-52 interval which was referenced as a haseline voltage during the 500 ms pre-S1 epoch
was averaged over at least 12 single trials in each task. The reaction times were averaged
over the trials in each task and used as a mean reaction time. A whole mean CNV amplitude



averaged over the S1-32 interval and 16 segmented CNV amplitudes of 250 ms epoch during
the 81-82 interval as well as the mean reaction time, number of erroneous responses and
heart rates during both rest and task loading were obtained for each task. These
parameters were submitted to 4-way ANOV A (age (3levels) Xgender(2) Xtask(2) Xsession(2)),
The following age-related changes were observed:the whole mean CNV amplitude and the
middle and late components of the segmented CNV decreased significantly with age. The
mean reaction time was prolonged with age. The number of erroneous responses and heart
rates of resting and task loading were independent of aging. Histograms of single reaction
time for young, middle-aged and elderly subjects revealed that variability of reaction times
increased with age. A statistically significant inverse correlation was found to hold between’
the late component of the segmented CNV amplitude and the mean reaction time, These
findings suggeted that speed of information processing in the brain decreases with aging,
whereas accuracy of task remains unchanged with aging.
National Institute of Industrial Health

3 Ryoko MARUYAMA" and Ycisuichiro FUKUDA™*
Respiratory, Circulatory and Metabolic Inhibition during
Acute Hypoxia in Rats
1991 Oxford Conference |
Fifth Meeting on Control of Breathing and Its Modelling Perspective
Abstracts 120P

Summary Acute systemic hypoxia initiates various respiratory, cardiovascular and
autonomic nervous responses. To test the hypothesis that ventilatory depresesion during
severe hypoxia is associated with inhibition of metabolism, ventilatory-cardiovascular
functions and metabolic rates (Vo:. Vco:) were measured at various levels of arterial Po: in
the halothane-anesthetized, spontaneously breathing rats.  Acute systemic hypoxia produced
ventilatory stimulation followed by inhibition with accon}panyi‘ng reduction in arterial blood
pressure, cardlac output (Q) VOz, and ch . The ratio VCOz /Vo: increased due to a larger
reduction in Vor. However, ventilatory equivalent (VE/Vcos) increased indicating relative
hyperventilation. During the breathing of normoxic air (Pao: =75mmHg) Vo: and VCOz
were faii'ly constant, independent of a wide variation of @. Whereas in h}cpoxia (Pao:=45m
mHg), Vo: and o a lesser extent Vco:, were closely dependent upon Q. Therefore the
decrease in metabolic rate resulted largely from a reduction in gas transport (0. delivery) due
to circulatorx depression. The arterial pH remained unchanged during hypoxia. A smaller
reduction in Veo2 may be due to the large COs store in body and to easy elimination in the lung
with a high diffusion coefficient of CO. molecule. Relative hyperventilation and consequent
hypocapnia might have cotributed to maintain arterial pI at normal range with neutralizing
increased acid preduction by HCQ: during severe hypoxia.  Combined, respiratory,
circulatory and flow-dependent metabolic inhibition may represent an integrative response
process against O. shortage.

*Depariment of Industrial Physiology, National Institute
of Industrial Health

**Department of Physiology, School of Medicine, Chiba
University, Chiba 280 Japan



4  Shin-ichi SAWADA
Thermoregulatory Characteristics of the Spontaneously
Hypertensive Rat (SHR) under Various Ambient Temperature
Conditions |

Fourth International Symposium
NEUROBEHAVIORAL METHODS AND EFFECTS IN OCCUPATIONAL
AND ENVIRONMENTAL HEALTH, 1991, Tokyo

Summary Objective. To examine the thermoregulatory responses of the spontanea-
ously hypertensive rat (SHR), the most commonly used animal model for human essential
hypertension, under the thermoneutral, and the high and low temperature conditions in an
attempt to determine the characteristics of autonomic and behavioral thermoregulatory system
of hypertensive individuals and their adaptability to thermal stress.

Materials and Methods. A total of 66 male SHR and normotensive Wistar Kyoto (WKY)
rats without thermal exposure history, aged 11 to 16 weeks, were used. In thermal stress
experiments, rats were individually exposed to ambient temperatures of 45, 35, 3.5, and —3.5.
°C, during which thermoregulatory parameters such as ¢olenic temperature (Teol), tail skin
temperature (Ttail), heart rate (HR), respiration rate(RR), saliva spreading behavior (SB),
end shivering (SV) were measured. In body heat balance study, metabolic heat production
and evaporative heat loss in the rats were continuously measured by indirect calorimetry for 8h
under thermoneutral condition (24-26°C).

Results. During the acute heat exposures of 35 and 45°C, SHR showed a rapid elevation
in Teol, a depressed 3B, a larger difference between Tcol and Ttail, a higher HR, and a lower
RR. These thermal responses were characterized by a rise of the internal temperature
threshold for the heat loss responses to an elevation of Teol. During the acute cold exposures
of —3.5 and3.5°C, SHR showed a rapid {all in Tc¢ol, a smaller difference between Tcol and Ttail,
a relative decrease of HR, and a significantly low RE, compared with WKY. Furthermore,
there was no clear difference between SHR and WKY in an amplitude of electrical activity of the
nack muscle induced by 3V to a fall in Teol.  Uuder the thermoneutral condition of 24-26C,
especially in the basal state, no marked differences of Tcol and body heat balance could be
observed hetween SHR and WKY, though at the earlier period of observation some marked
body heat unbalance concomitant with hyperthermia could be found in SHR.

Discussion and Conclusion.  These results suggest that SHR has neither chronic
hyperthermia nor chronic rise of body temperature set-poing, but that SHR shows a depression
of the heat loss and heat production responses and/or a shift of the internal temperature
threshold for their responses to a change in internal and external thermal loads. It is possible
that these thermoregulatory characteristics of SHR could be explained by an increased
sympathetic activity in SHR.

Department of Industrial Epidemiclogy,
National Institute of Industricl Health
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5  Susumu SAITO
Visual Ergonomics in VDT Work
XIII Congress of the Asia-Pacific Academy of Ophthalmology, Abstracts,
31, Kyoto, 1991

Summary The interface between human and computer recently introduced into
workplaces has been recognized as an important event demanding the application of advanced
ergonomic research. To deal with this situation, visual ergonomic preblems in VDT work -
were analyzed by means of a field survey and experiments on visual function while working
with many types of display in order to meet the goal of user comfort. The physiological
indices namely eye movement, accommodation and pupil size, as well as subjective evaluation
of visual comfort, were investigated in real and experimental studies.

From the eye movement experiment, it was ascertained that VDT operators had to move
their eyes 2.5 times as fast as traditional clerical workers. This presents approximately half
the maximum boundary velocity of eye movement, In addition, a positive high correlation
between the velocity of accommodation and subjective visual comfort was found. A positive
CRT display was ascertaired to be the most appropriate display type using the analysis of
accommodation and pupil size. On the contrary, workihg with LCD was considered to be the
least visually comfortable, with the lowest accommodative veloeity.

Natioral Institute of Industrial Health

6 Susumu SAITO
International Standardization of Ergonomics---- VDT
Proceedings of the 2nd JUSE Symposium on Ergonomics, 217, Tokyo,
1991

Summary The aim of this paper is to introduce current aspects of standardization of
ergonornics.  The report deals mainly with the international standardization of VDTs on
which so much research from the Human-Interface viewpoint has been done. The international
standardization of ergonomics, as regards computers, is actively being developed with ISC
taking a leading part. Particularly, the Buropean Community (EC) has been urgently
developing standardization through CEN activities. Japan, recently, has also contributed to
the discussions on international ergonomic siandards. Nowadays, there are numerous reports
related to ISO activities both inside and outside the country, and these are reviewed in this
paper. Finally, the importance of the ergonomic aspects of newly developed technology for
VDT use, such as flat type displays like LCD and PDP, are discussed . It should be considered
necessary that the scientific data concerning ergonomic usability and visual comfort of the
display products evaluated by Japanese research reports be made available to other countries.

National Institute of Industrial Health



7 Sasitorn TAPTAGAPORN*, Naofumi HIROSE""
and Susumu SAITO™*"
Ergonomic Evaluation of Working Envirecnments and Visual
Fatigue Using Physiological Indices
The 13th Asian Conference on Occupational Health and The 3rd
Conference of South-East Asian Ergonomics Society, Abstracts, 55,
Bangkok, 1991

Summary In evaluating eye fatigue due to various kinds of visual work, lens
accommodation and pupil movements are considerad to be the most important physiological
indices in the field of visual ergonomic research, In an experimental study on visual fatigue
due to VDT(Visual display terminaldoperation, 4hr data entry work was found to cause
accommodative power, pupil size and CFF (Critical Flicker Frequency)ic decrease in all five
subjects. )

In our field studies, pupil movements and accocmmeoedation were applied to evaluate
working environments in terms of both physical and psychological conditions in various
workplaces. Nowadays, it is understood that not only physical measurement is necessary to
evaluate working enyironments but also physiclogical analysis, in order to ascertain if the
workplace is ergonomically appropriate for workers. The workplaces involved were an
automobile factory, a VDT workstation, a cockpit and a tunnel.

*Department of Public Health and Environmental Science,
Tokyo Medical and Dental University
**Department of Ophthafmology, University of Occupational
and Environmental Health
*** National Institute of Industrial Health

8 Shin SAITO*, Sasitorn TAPTAGAPORN™" , Midori
SOTOYAMA***, Toru SUZUKI**"* and Susumu SAITO™"*
How to Evaluate Visual Workload in VDT Operations by
Analysis of Eye Movements
The 13th Asian Conference on Occupational Health and The 3rd
Conference of South-East Asian Ergonomics Society. Abstracts, 56,
Bangkok, 1991 ‘

Summary The aim of this study was to evaluate the characteristics of various kinds of

VDT cperations, by the analysis of eye movements.

Eye movements were detected by the corneal reflection technique and analyzed by a
microcomputer. Five VDT operators, involved in the development of computer programming,
were selected as subjects, with an age range of 19-20 years. Eye movements of these subjects

were intermittently recorded for 20 minutes, throughout an eight hour working day.
These operators were looking at several different parts of the workstation . The viewed



objects were restricted mainly to the CRT, keyboard, and manuscript at the workstation. The
viewing ratios of these objects were 64, 21 and 14 per cent consecutively, as overall averages for
the five VDT operators. ‘ o
Fixation in the work depended on work content. From the data entry operations, the
fixation area increased in the horizontal direciion, whereas the debugging operations caused
the fixation area to increase in the vertical direction. In the case of test-run operations, the
fixation area was relatively smaller than that of the other operations.
It was confirmed, in this study, that the analysis of eye movements was applicable to
characterization of the ergonomic aspects of VDT operations.
*Seibo Junior College of Nursing
** Department of Public Health and Environmental Science,
Tokyo Medical and Dental University
***National Institute of Indusirial Health
""" Department of Ophthalmology, University of Occupational
and Environmental Health

8 Susumu SAITO* and Sasitorn TAPTAGAPORN™*
Ergonomic Problems of Visual Information Displays
for Office Tasks
The 13th Asian Conference on Occupational Health and The Srd
Conference of South-East Asian Ergonomics Society. Abstracts, 159,
Bangkok, 1991 '

Summary  With the rapid progress of computer technology, VDTs (Visval Display
Terminals) of various types of information displays have come to be used world-wide in many
offices and workplaces. In the last two decades, a variety of research activities have been
undertaken concerning ergonomic aspects of VDTs, and many scientific papers have been

"published. However, in the present situation, many visual problems related to eye fatigue in
VDT operators remain to be solved from an ergenamic point of view.

In spite of this situation, newly developed technologies in Japan have led to the
production of many types of flat displays, such as L.LD (Liquid Crystal Display) and PDP
(Plasma Disgplay Panel), without appropriate ergonomic evaluation of these new display
methods. Studies on eye movements and lens accommodation are reported with a view to
evaluating the visual comfort of different types of information displays employed for VDT
operations,

"National Institute of Industrial Health
**Department of Public Health and Environmental Science,
Tokyo Medical and Dental University



10 Naofumi HIROSE®, Shinobu AKIYA", Susumu SAITO™", Kimiko
KOSHI*" and Sasitorn TAPTAGAPORN*""
A Study on the Visual Problems Experienced by Paint
Inspection Workers Using Measure of Visual Accommodation
Towards Human Work (ed. by M. Kumashiro & E. D. Megaw),
316—324, London, Taylor & Francis, 1991

Summary Research was conducted on the visual ergonomic problems of paint
inspection workers in an automobile factory where the lighting of the workplace was
found to be the problem of most concern, A study of the problem was performed in
three phases : {1} a survey of visual complainis from paint inspection workers and
control groups, (2) an analysis of physiological changes in pupil size at work, and (3} an
experiment showing how this type of lighting environment affects the human eye,
especially visual accommodation.  The questicnnaire survey indicated thaf paint inspection
workers more often reported visual complaints than other workers. Ergonomic evaluations of
the visual environment also found glare to be a problem in the workplace.

* Department of Ophthalmology, University of Occupational and
Environmetal Health
** National Institute of Industrial Health
*** Department of Public Health and Environmetal Science,
Tokyo Medical and Dental University

11 Sasitorn TAPTAGAPORN"® and Susumu SAITO™*
The effects of the Visual Conditions of VDT Viewing on Pupil
Size
Towards Human Work (ed. by M. Kumashiro & E. D. Megaw) ,
340-345, London, Taylor & Francis, 1991

Summary  Based on physiological and psychological indices, positive CRT display
polarity (dark characters on a bright background} was ascertained from the study
to be more appropriate for VDT operators than a negative display. Differences in pupil
size and subjective visual comfort while undertaking visual taske were examined for both
display polarities under three different illumination levels. Pupil size was not affected greatly
by different illumination levels or luminance contrasts of visual objects while working with a
positive display. The majority of the subjects preferred working with the positive display
under normal office illumination levels,

* Department of Public Health and Environmental Science,
Tokyo Medical and Dental University
** National Institute of Industrial Health



12 Shin SAITO™, Susumu SAITO™" and Takao Ohkubo***
An Evaluation of VDT Operations through the Two-
Dimensional Analysis of Fixation points
Int. J. of Human-Computer Interaction, 3, 245-252, 1991

Summary This study was designed to evaluate the characteristics of various kinds of
VDT operations by using an analysis of eye movements and examining the distribution
of gaze fixation points. Eye movements were detected by the “corneal reflection technique”
and analyzed in terms of () tracing eye movements, (b forming a matrix of fixation
frequency, (¢) describing the fixation area, and (d) adjusting the {ixation vector. Five VDT
operators involved in the development of computer software were selected as the subjects,
with an average age of 24.8 years. Eye movements of the subjects were intermittently recorded
throughout an 8-hr working day. It was confirmed that an analysis of eye movements can be
a meaningful way to characterize certain ergonomic aspects of VDT operations.

* Setbo Jurnior College of Nursing
** National Institute of Industrial Health
*** College of Industrial Technology, Nihon University

13 Susumu SAITO* and Sasitorn TAPTAGAPORN™?
Pupillary Reflexes and Accommodation as Physiological
Indices of Visual Fatigue Due to VDT Operation
Human Aspects in Computing : Design and Use of Interactive
Systems and Information Management (ed. by H. - J. Bullinger),
233-237, Amsterdam, Elsevier Sci. Publ., 1991 o

Summary This study demonstrated decreases in pupil size and in the amplitude and
velocity of accommeodation following 4 -hr VDT operation while the amplitude of pupillary
reflexes was found to increase, A weak correlation between pupil size and accommodation
was also found (r=0.72). However, the present study failed to corroborate the relationship
between pupillary reflexes and accommodation. The subjects involved were five students
ranging in age from 22 {0 23 years,

* National Institute of Industrial Health
** Department of Public Health and Environmental Science,
Tokye Medical and Dental Univérsity



14  Shin SAITO, Sasitorn TAPTAGAPORN®®, Naofumi HIROSE***
and Susumu SAITO*"**.
Evaluation of the Relationship between Pupil Movements
and Visual Tasks
Human Aspects in Computing : Design and Use of Interactive
Systems and Work with Terminals (ed. by H. - J. Bullinger),
238—242, Amsterdam, Elsevier Sci. Publ., 1991

Summary The aim of this study was to investigate how to evalute pupil movements
while undertaking VDT operations. A few fundamental experiments including counting
and searching tasks on both paper and CRT screen, under different illumination levels,
were carried out.

The amplitude histogram of the pupil diameter was influenced by the viewing objects and
the differences in illumination. A certain difference in power spectrum density of the
fluctuation in pupil diameter was dependent upon the number of visual tasks.

" Seibo Junior College of Nursing
** Department of Public Health and Environmental Secience,
Tokyo Medical and Dental University
*** Department of Ophthalmology, University of Occupational
and Environmental Health
't National Institute of Industrial Health

15 Hiroshi TSURUTA and Midori SOTOYAMA
A Study on the Amounts of Exposure to Halogenated
Hydrocarbons by Dif f erent Routes
Environmental Research in Japan, Vol. 2, 79/1-18, 1990

Summary Three halogenated hydrocarbon solvents, 1, 1, 1 -trichlorcethane,
trichloroethylene and tetrachloroethylene were evaluated in this study. The differences in
metabolism of these solvents with sex, age and route of entry were of interest. For one solvent
exposure four groups of mice, namely 3, 8, and 100 week males and 8 week females were
prepared for the experiment, All four groups of mice were exposed to three halogenated
hydrocarbons for four hours through two different routes. One was dermal absorption of the
liquid state, and the other was pulmonary absorption of the vapor state, for all three solvents.

Then, we measured the amounts of unchanged solvent in whoie body and of metabolites,
trichloroethanol and trichloroacetic acid in urine, by gas chromatography. Using these
measurement data, we defined a metabolic efficient value and obtained the following results.

1) Sex difference : 8 week male mice had higher metaholic efficient values than 8 week
female mice, in all exposure experiments. However, female mice had higher
metabolic efficient values for trichloroethanol after the exposure to trichloroethylene by
skin absorption of the liquid state.

2) Age difference : 3 week male mice had lower metabolic efficient values than 8
week male mice. 100 week male mice had higher values of trichloroacetic acid after the
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exposure to trichloroethylene by pulmonary absorption of the vapor state than the value
of 8 week male mice. As to other metabolic efficient values with all exposures, 100 week
male mice had almost the same values as those of 8 week male mice.

3} Route of entry : For the sama sex and age, we compared the metabolic sfficient
values of dermal absorpticn and pulmonary absorption. In all cases, the values of
pulmenary absorption were higher thanthose of dermal absorption.

4) Metabolic efficient values of irichloroethylene were high but the values of 1,1,1-
trichloroethane and tetrachloroethylene were low, In terms of exposure to 1, 1, ! -trichloro-
ethane and tetrachloroethylene, we should pay attention to the biological effects of the
compounds themselves., With exposure to trichloroethylene, however, we should consider the
biological effects of its metabolites,

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

16 Midori SOTOYAMA and Hiroshi TSURUTA
The Amounts of Exposure to Halogenated Hydrocarbons by
Different Routes
The 13th Asian Conference on Occupational Health and The 3rd
Conference of South-East Astan Ergonomics Society, 87, 1991

Summary Three halogenated hydrocarbon sclvents, 1, 1, 1 -trichloroethane,
trichloroethylene and tetrachloroethylene were considered in this study. Differences in the
metabolism of these  solvents with differens routes of entry . were
explored. TFor one solvent exposure, four groups of mice, namely 3,8 and 100-week
males and 8 -week females were prepared for the experiments. All four groups of mice
were exposed to three halogenated hydrocarbons for four hours through two .different
routes, dermal absorption of the liquid state and pulmonary absorption of the \fapor state.

We measured the amounts of unchanged solvent in whole body and of metabolites,
trichloroethanol and trichloroacetic acid in urine, by gas chromatography. Using these
measurement data, we defined a metabolic efficlent value and compared the values of
derma! abscrption and pulmonary absorption. ' The result was that latter values were
higher than the former in all cases.

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

17 Heihachiro ARITO, Masayva TAKAHASHI and
Hiroshi TSURUTA
On Evaluation of Biological Effects of Chlorinated
Hyrdocarbons by an Electrophysiological Method
Environmental Research in Japan, Vol. 2, 801—13, 1991

Summary  Using the freely moving rats implanted with elecirodes for simultaneous
measurements of EEG, EMG, ECG activities and core temperature, effects of the 3-day
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repeated exposures to trichlorcethylene (TRI) vapor of 6000 ppm for 4 hrs/day, 3000 ppm,
1000 ppm and 300 ppm for 8 hrs/day on EEG activity, wakefulness, heart rate, cardiac
arrhythmia and hody temperature were examined. Brain and blood levels of TRI and its
metabolite, free trehlorcethanol (TRI-OH) of the TRI-exposed rats sacrificed immediately
after the exposure cessation and 14 hrs later were determined by gas chromatography. The
exposures to 3000-6000 ppm TRI accumulating brain TRI of more than 160 # g/g produced an
abnormal EEG activity, hypothermia and impaired postural maintenance capability. While
the abnormal EEG activity and hypothermia recovered during the dark post-exposure period,
significant decreases in waking time and heart rate and an increaase in number of
bradyarrhythmia episodes were observed. These TRI-induced pathophysiclogical changes
during the post-exposure period might be caused by TRI and/or TRI-OH, because brain and
blood levels of TRI-OH were the same levels as those of TRI during the post-exposure period.
The exposure to 1000 ppm TRI accumulating brain TRI of 30-50 2 g/g did not elicit any
abnormal EEG activity or characteristic neurological signs of the anesthesia but lowered
waking time and body temprature during the exposure. The dark post-exposure period' was
characterized by the rebound increase in waking time, bradycardia and recovery from
hypothermia. Only heart rate was significantly lowered during and following the exposure to
300 ppm. The exposures to 300 and 1000 ppm TRI disrupted a harmonized relation among
circadian rhythms of wakefulness, heart rate and core temperature, suggesting a possibility
that subjective symptoms such as fatigue and sleepiness of workers exposed to low-level TRI for
long term result from disrupted circadian rhythms of wakufulness-sleep, heart rate and body
temperature.
National Institute of Industrial Health

18 Heihachiro ARITO, Masaya TAKAHASHI, Hiroshi TURUTA
and Midori SOTOYAMA
Effects of Trichloroethylene on EEG, Sleep-Wakefulness,
Heart Rate and Body Temperature in the Conscious Rat
Fourth International Symposium on
NEUROBEHAVIORAL METHODS AND EFFECTS IN
OCCUPATIONAL HEALTH
8—11 July, 1991, Tokyo, Japan

Surmnmary Objective. Effects of short-term exposure to trichlorcethylene (TRID
vapor on the central nervous system (CNS) and the heart were investigated with the conscious
rats which had been chronically implanted with EEG, EMG, ECG electrodes and a thermistor
probe. ' '

Methods. Male adult rats were surgically implanted with indwelling electrodes for
EEG, EMG and ECG recordings and a thermistor probe for a recording of the abdominal
temperature (Tc¢). The rats wers housed in individual polygraph-recording cages and
placed in an exposure chamber in which illumination was maintained under an alternating
12-hr light (8:00-20:00)/12-hr dark (20:00-8:00) cycle. After recovery from the implantation
surgery, they were exposed to either ¢lean air for 3 consecutive days or TRI vapor of 300, 1000
and 3000 ppm for 8 hrs/day and 6000 ppm for 4 hrs/day for 3 days. EEG,
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EMG, ECG and Tc of TRI-exposed and control rats were continucusly measured for 72 hrs.
Abnormal EEG patterns were checked by EEG power spectral analysis. Amounts of
time spent by wakefulness (W), slow-wave sleep (SWS) and paradoxical sleep (PS) were
scored by visual classification of EEG and EMG patterns with help of the EEG power
spectra. Number of ECG R-waves were counted for every 10 sec epoch with a heart
rate (HR) conter and Tc was registered for every 30 sec epoch. Those data were stored
with a microcomputer. Different groups of TRI-exposed rats were sacrificed for quantitative
determination of the blood and brain levels of TRI and its metabolites during and following the
exposures.

Results (a} Behavior : Inability of postural maintenance was observed only during exposures to
3000 and 6000 ppm TRI. (b) EEG power spectra :  Exposures to 3000 and 6000 ppm increased the
spectral power of a 4-8 Hz wave range and decreased the powers of all other frequency
ranges. (¢} Sleep-waking patterns : No changes were observed by exposure to 300 ppm.
Amount of SWS increased during exposure to 1000 ppm and decreased afterward.
The first exposure to 3000 ppm increased amount of W during the exposure and depressed
W afterward. The repeated exposures to 3000 ppm depressed W during the exposure and
increased W afterward., Exposures to 6000 ppm produced the PS-like state associated with the
alterad EEG power spectra during the exposure and depressed W during the post-exposure

period. {(d)HR : HR increased during the first exposures to TRI in a concentration-dependent
manner but it decreased during the post-exposure period. The repeated exposures tended to
decrease HR. (€) Te: Exposure to 1000, 3000 and 6000 ppm decreased Tc during the exposure in
the concentration-dependent manner. The TRI-induced decrease in Tc did not recovered to the
normal level during the exposure period.
CONCLUSION Changes in sieep-wakefulness, HR and body temperature appeared at
lower TRI concentrations than those in EEG power specira and behavior of postural
maintenance did, Those TREinducad physiological changes will be discussed in their
relations to the blood and brain levels of TRI and its metabolites.
Nationa!l Institute of Industrial Health, 6—21—1, Nagao, Tama-ku,
Kawasakt 214, Japan

19 Heihachiro ARITO and Masaya Takahashi
Effect of Methylmercury on Sleep Patterns in the Rat
Advances in Mercury Toxiclogy, edited by T. Suzuki, N. Imura and
H. Clarlson, Flenum Press, N. Y., 1991

Summary In an atiempt to find out early and sensitive clinical signs of experimental
methylmercury poisoning, physiclogical indices of wakefulness, slow-wave sleep,
paradoxical sleep, body temperature and heart rate were examined during the development
of methylmercury toxicity with rats which were chronically implanted with EEG and EMG
electrodes or thermistor probes and ECG electrodes. These physiological indices were found
to provide early and sensitive signs in experimental methylmercury poisoning with adult rats
as compared with the behaviorally-observed neurological signs of motor-incoordination. The
reduction of paradoxical sleep, its altered circadian rhythm and the lowered body temperature
were long-lasting signs as compared with quick recovery from the reduced wakefulness and the
lowered heart rate. Analysis of brain monoamines and their metabolites showed that the
concentrations of noradrenaline, 3-methoxy-4-hydroxyphenylethyleneglycol and 5-
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hydroxytryptamine of the frontal cortex of the methylmercury-administered rats were lowered
during the dark period, indicating that methylmercury lowered the turnover of central
monoamine metabolisms. It was suggestsd that the reduction of paradoxical sleep and altered
circadian rhythm were mediated through an inhibitory action of methylmreury on central
monoaminergic mechaism, in addifion to the well-documented inhibitory effect of methyl
mercury on central cholinergic mechanisms.

National Institute of Industrial Health

20 Takesht HONMA, Muneyuhki MIYAGAWA and Mitsuo SATO
Organic Solvents and Cholinergic Neurons in the Brain
Fourth International Symposium on NEUROBEHAVIORAL METHODS
AND EFFECTS IN OCCUPATIONAL AND ENVIRONMENTAL
HEALTH, 8— 11 July, 1991, TOKYO, JAPAN

Summary Cholinergic neurons in the central nervous system are involved in such
functions as memory and learning. Disordars of these functions are reported in humans
following inhalation exposure to organic solvents. In this repert, the effects of organic
solvents on central cholinergic neurons are reviewed.

Twenty-nine organic solvents were given orally to rats. Different changes in the
concentralion of neurotransmitter substances, 1. e. dopamine, norepinephrine, serotonin,
serotonin. acetylcholine (ACh) and GABA, occurred in various brain areas. Among these
chahges, increases in ACh were observed with most of the solvents. TRats were exposed to high
concentrations of toluene and xylene for 8§ hr. ACh in the rat hippocampus was increased at
1000 to 2000 ppm and decreased at 4000 to 8000 ppm of these solvents. At 4000 to 8000 ppm, ChAT
(ACh synthesizing enzyme) activity was lowered and ACh esterase (ACh metabolizing
enzyme) activity was elevated.

The effects of toluene exposurs (200 to 1200 ppm) on ACh contents in the rat
hippocampus and striatum were investigated at different post-exposure intervals, At 8 hr
after exposure ACh was increased, but at 1,3, 7, and 14 days the ACh increase was not
so marked as at 8hr. Decreases in ACh content were observed at 28 days.

Rats received continuous 30 day exposure to toluene, xylene, trichloroethylene and
tetrachloroethylene. ACh levels in the striatum and whole brain were increased or
decreased at 200 ppm, but decreased at 400 to 800 ppm following exposure to these solvents.

Operant behavior (DRL 20) in the rats was disturbed following a 4 -hr exposure
to toluene at 800 to 3200 ppm.

We conclude that many organic solvents , including toluene, increase brain ACh-content
over the short term at low concentration exposures, and that this increase is probahly
caused by an inhibition of ACh release from the nerve terminals of cholinergic neurons.
High concentrations and/or long term exposure to solvents decrease ACh.  Alierations of
enzyme activities, i. e. lowered ChAT activity and elevated ACh esterase activity, contribute to
these decreases in ACh content in the rat brain. Changes in cholinergic neurons observed in
our biochemical assays are closely related to disturbance of operant behavior in rats.

' National Institute of Industrial Health, Kawasaki, Japan
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21 Muneyuki MIYAGAWA, Takeshi HONMA, Tovoto IWATA
and Mitsuo SATO
Effects of Chronic Toluene Exposure on Reference Memory
and Working Memory in Rats
Fourth International Symposium Neurobehavioral Methods and

Effects in Occupational and Environmental Health. FProgram and
Abstracts 216 (Tokyo) 1991

Summary Changes in rats” behavior based on working memory and,”or referece
memory were measured with the challenge of scopolaming to observe the long lasting
effects of toluene inhalation during growing period. '

Subjects and Methods. Male Fischer-344 ratis were exposed to 600 ppm of toluene
continuously frem 3 weeks of age for 50 days. Animals in contrel group received air

exposure, After the termination of 50 days’ exposure, the training of maze learning was
started. A free running type of radial-arm maze which had no guillotine door at the
entrance of sach arm was used to assess how the exposure to toluene affected both the
acquisition process of the learning and the differential effects of scopclamine administration
0.1-0.8 mg/ kg i. p.) on working (short-term) memory and reference (long-term) memory,
using a 4 -out-of- 8§ baiting procedure. Behavioral changes in a open fiend were also
measured in two different environmental noise levels. A computerized videdo picture
analyzing system was used to measure the behavioral pattern and the activity level of rats in
the maze as well as in the open field. Tracking the movement of rats by this system, not only
the number of correct responses but also other indices, such as running pattern, length of locus,
running speed and immobility time, were measured. After the measurement of acquisition
process for 1 month, the effects of scopolamine on their performance in the maze wers
determined in both the exposed and the control group.

Results. Rats exposed to 600 ppm of toluene showed higher activity level in the
open field test as compared to control rats in both silent and noisy environments. On the
other hand, exposed rats exhibited lower activity levels in the radial-arm maze during
the acclimsation process to the méaze and the early stage of learning acquisition process,
and they showed smaller number of pellet consumption and correct responses compared
to control animals., These differences had disappeared at the last stage of acquisition
training. The determination of scopolamine effects, which began after the acquisition training
for 1 month (total 48 sessions), indicated the differential effects of scopolamine on working
memory and refarence memory in the control animals; medium doses of scopolamine increased
only working memory errors. However, these effects were not observed in the exposed group;
only the highest dose increased working memory errors. The number of reference memory
errors was slightly increased at high doses in both groups. Maethyl scopolamine had no effects
on both memory processes in both groups. ' '

Discussion and Conclusion. ~ These results suggest the evidence of chronic effects of

toluene {long lasting effects after the termination of chronic exposure) on the performance of
memory task under pharmacological challenge in rats. It is also revealed that changes in
activity level should be considered when the memory process of rats is assessed. The video
tracking system is thought to be an effective tool for the determination of rats’ activity and
behavioral performance.

National Institute of Industrial Health
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22 Munevyuki MIYAGAWA®, Jackie D. Farmer™* and
Robert C. Macphail™
Mixed Schedule-Controlled Performance as a Measure of the
Effects of Drugs on Memory in Rats
Fourth International Symposium on Neurobehavioral Methods and

Effects in Occupational and Environmental Health. Program and
Abstracts 208 (Tokyo) 1991

Summary A new operant conditioning schedule (mix FR-10 DRO- 5 sec w TO: strictly
alternating mixed fixed ratio 10 differential reinforcement of other behavior 5 second with
time out) was developed for assessing the effects of chemical substances on short-term
memory. The FR component (in which rats had to respond 10 times to obtain 0.05 ml of
milk) and the DRO component (in which milk presentation was contingent upon no
responding for 5 sec) alternated in this schedule. A delay of variable duration was imposed
between presentation of the schedule components. No exteroceptive stimuli were available to
indicate which schedule component was in effect. Consequently, appropriate performance
depended on the rats’” memory of the component presented previously. In order to test the
sensitivity of this task not only as a performance measure (index for the ‘“rate-effects” of
drugs) but also as a memory measure {(index for the effects on response accuracy), the effects
of scopolamine and d-amphetamine were determined. Effects on both response accuracy and
bias (responsivty) were analyzed using signal detection theory.

Subjects and Methods. Four male Long-Evans rats were trained, first under
fixed ratio schedules (FR1-FRI10) and, then under the mix schedule. The delay duration was
at first fixed at 2 sec, and then increased gradually up to 12 sec. Finally, rats were trained
under a variable-delay condition wherein the duration varied from 1 sec to 12 sec in a cyclic
order within each session. Two additional rats were trained under a muliple {mult} FR DRO
scheduls as a control group. Under this schedule, two cue lights differentiated the FR and
DRO components; thus, rats did not have to “remember” the previcus component to respond
correctly.  Response rate, run rate and the fist response latency in each FR and DRO
component were used as indices of rate-effects. The probability of hit, false alarm, correct
rejection and miss (defined by the f{irst response latency with a criterion of 5 sec in each
component} were used to calculate the accuracy of response [ A=P (HIT) —P (FA) ) and
response bias [B=PF (HIT)+P (FA) —11].

Results. The mix FR DRO schedule worked well not only as a performance
measure but also as a memory measure. Both scopolamine (0.05-0.2 mg/keg, i. p.) and
d-amphetamine (0.2-1.6 mg/kg, i. p.) decreased response accuracy in a dose-related manner.

Larger drug effects were revealed with longer delay durations in both cases. The change
in accuracy was correlated with a change in biasg in the case of scopolamine but not in the
case of ﬁ-amphetamine. Scopolamine had a biphasie effect (increases at low dose and
decreases at high dose) on bias and d-amphetamine slightly increased the bias at low
doses. Methyl scopolamine (0.2 mg/kg) had only small effects on accuracy and on bias.
Scopelamine and d-amphetamine had almost no effect on accuracy or bias in rats trained under
the mult FR DRO schedule.

Conclusion. The alternating mixed FR DRO shedule has potential advantages as
both a performance measure and a memory measure in evaluating the neurcbehavioral
effects of chemicals in experimental animals.

* National Institute of Industrial Health, Kawasaki, Japan
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** Health Effects Research Laboratory, U. S. EPA, Research Triangle
Park, N. C. U.8.A.

23 Hirotomo YAMADA ,
Studies on Development of Method to Evaluate Effects of
Enviromental Pollutants on Human Peripheral Lymphocytes
Enviromental Reserch in Japan 78:1—13, 1991

Summary In an attnempt to ascertain indices for evaluaing the effects of environ-
mental pollutants on man, protein synthesis in human peripheral lymphocytes was studied,
Since it is likely that the human bedy responds at a cellular level to toxic chemicals by
rapid and transient accelerations in the rates of expression of specific gens.

It was reported last year that human peripheral lymphocytes were 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 a protocol established the
previous year. After labeling with®S-Cys, analysis by gel electrophoresis showed that
metallothioneins (MTs) were increased in these lymphocytes twe fold as compared to
controls at 0.1 #M (11.2ppb) of cadmium, 10u4M (1 ppm? of silver, 1 ¢ M {(200pph) of
mercury, 50 #M of zixe, 100 u M of copper and 100 £ M nickel. MTs are a group of low
molecular weight, cysteine-rich metal-binding proteins. One of the roles of MTs is believed
to be detoxification of metals such as cadmium and mercury.

In the present report, protein synthesis in lymphocytes was studied in response to 14
metal compounds and tributyl tin oxide (TBTO), triphenyl tin hydroxide (TPTH),
malathion, acephate and chlorpyrifos employing®S$-Met., SDS-7.5% polyacrylamide gel
electrophoresis of the labeled proteins showed that 70 kd and 90 kd proteins were induced
by 204 M Cd, 2004 M Zn, 2006 M Co, 0.0ppm TBTO, 0.1ppm TPTH, 30ppm malathion and
200ppm acephate. These two proteins were also induced by heat shock at 42°C and 45°C.  This
means that they are heat shock proteins (HSPs). The effective induction of HSPs
by the TBTC and TPTH and TPTH may be useful for monitoring purposes. Protein
induction in the lymphocytes provides new information about hazardous chemicals in
cells and complemenis conventional methods of assaying waste preoducfis.

National Institute of Industrial Health

24 Hirotomo YAMADA
Effects of the Increase in Ultraviolet Radiation on Human
Health Effects on Photoallergy
Global Bnuvironment Research, A—4, 1991

Summary  Ozone plays an important role in protecting living things from lesions and
death due to absorption of solar ultraviolst radiation (UVR). But UVR on the surface of
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the earth and physical lesions from UVR are suspected to have increased in the time period
since ozone destruction by a chlorine-mediated mechanism and the springtime ozone hola in
polar regions were reported.,

UVR-induced damage to the skin induced phototoxicity and photoallergy. Both will
occur when the skin is exposed to sufficient levels of light of certain wavelengths, and when
molecules adequate to absorb light are present. These light absorbing molecules are
called photodynamic agents or photosensitizers. They may be endogenoué, or exogenous.
The absorbed light energy is used for activation of neighoring molecules. - Phototoxicity is
caused by continuous energy transport from photcsensitizers to cellular macromolecules,
which are then denatured. Phototoxicity is common but recovery is easily achieved by
removal of photosensitizers. On the other hand, photoallergy is an immunological
process following photodynamic activity. It is defined as an acquired altered response
of the skin to light energy. In this case, the photosensitizers lead to formation of
photoantigens, which are mostly modified proteins. FPhotoallergy is uncemmon now but
may become more cornmon in the near future due to the increase in UVR.

This research was designed to study the formation of photoantigens by UVR in human
cells. As the first step in detecting photoantigens, some means of observing changes in
cellular proteins caused by UVR must be found. Preliminary gel electrophresis in this
report showed that certain bands and spots of proteins from UV irradiated cells were
different from those of control cells. This suggests that photoantigens can be detected by
these gels. Since it was necessary to control the energy (joules) and the wavelength (nm)
of UV for experiments of photedynamic action, UV irradiator was designed and constructed
this year which could produce precise UV rays. This apparatus will contribute to studies on
the effects of UVR on photoallergy,

National Institute of Industrial Health

256 Hirotomo YAMADA and Shingi KOIZUMI
Metallothionein Induction in Human Peripheral Blood
Lymphocytes by Heavy Metals |
Chem-Biol. Interactions, Vol. 78, 347— 354, 1991

Summary Human peripheral blood lymphocytes have the capacity to produce
metallothioneins (MTs) as a protective response to cadmium. To define the range of
metal species inducing lymphocyte MTs, cellular proteins synthesized after exposure to
each of 11 heavy metals were analyzed by gel electrophoresis. Toxic metals such as
cadmium, mercury and silver were found to induce thioneins (apoproteins of MTs) at
relatively low concentrations (maximum at ~ 10 ¢ M), whereas less toxic metals such
as zine, copper and nickel were inductive at relatively high concentrations (maximum at ~
200 £ M). Tin, lead, iron, cobalt, and manganese did not induce thioneins, The heavy
metal specificity of MT induction in the lymphocyte resembles that in the liver, and the
regulatory mechanism of MT production seems to be similar in both of these tissues. In
the cells exposed to highly toxic metals such as cadmium and mercury, expression of
cytotoxicity (represented by decline of cysteine uptake) was remarkable at the metal
concentrations higher than those saturating thionein induction, supporting the protective
role of MTs ageinst heavy metals. )

Department of Experimental Toxicology, National Institute of Industrial Health

— 108 —



26 Shinji KOIZUMI
Isolation of Mouse Cells with Heavy Metal-dependent Resistance
to G418
Industrial Health, Vol. 29, 93— 102, 1991

Summary  Metallothioneins (MTs) dre heavy metal-binding proteins which play key
roles in protection against heavy metal toxicity, and therefore it is toxicologically
important to understand the regulatory mechaniem of MT production. In the present work,-
I isolated mouse cell clones which express the bacterial neo gene (G418-resistance gene)
under the control of an MT gene regulatory sequence; such cells will serve as parents for
the isolation of mutants defective in MT gene regulation. C-127 and 1.-929 cells were
transformed with a plasmid construct containing the regulatory region of the human
MTII, gene linked to the neo structural gene, and stable G418-resistant transformants were
selected. When Zn was given during the selection, the number of the resulting colonies
increased significantly, suggesting a Zn—induced‘expression of the introduced neo gene. The
C-127 transformants selected in the presence of Zn have several copies of the neo sequence in the
chromosome, and express a neo message in a Zn-inducible manner. When Zn was removed
from the medium, G418 damaged the cells, These cell clones are expected to be useful for
isclating mutants that will help further understanding of the control mechanism of MT gene
expression.

National Institute of Industrial Health

27 Shinji KOIZUMI* and Toshio SONE™*
Regulation of Metallothionein Production in HeLa Cells
Toxicology Letters, Vol. 59, 73—80, 1991 |

Summary Metallothioneins are cysteine-rich, heavy-metal-binding proteins which
have been assumed tc participate in the detoxification of toxic metals. The mechanism
of thionein {apoprotein of metallothionein) induction by cadmium was studied using
cultured human cells. It was found that when thionegin synthesis reaches a maximum {(6-8
h after induction}, it no longer responds to additional cadmium. Changes in cadmium
uptake or induction of inhibitory proteins were not responsible. Together with our previous
findings, a possible mechanism is proposed: loss of the secondary induction response might
be due o increased intracellular levels of thionein, which has been overproduced by the
initial induction.

* Department of Experimental Toxicology, National Institute of
Industrial Health
** Division of Biochemical Genetics, Meiji Institute of Health Science, 540,
Naruda, Odawara 250, Japan.
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28 Shinji KOIZUMI", Fuminort OTSUKA** and
Hirotomo YAMADA" ‘
A Nuclear Factor that Interacts with Metal Responsive
Elements of a Human Metallothionein Gene
Chem.-Biol. Interactions, Vol. 80, 145— 157, 1991

Summary Metallothioneins (MTs) are low molecular weight heavy metal-binding
proteins which are known to play a major role in heavy metal detoxification and
understanding of their regulatory mechanism is toxicologically important. Expression of
MT genes is induced by heavy metals and metal responsive elements (MREs) upstream
of MT genes are essential for the transcriptional activation. By several typss of mobility shift
assay with “P-labeled oligonucleotide probes, we detected HeLa cell nuclear as well as
cytoplasmic factors that bind to MRE sequences of human MTII, (hMTIL.) gene. One of the
nuclear factors, which gives stronger signal than others, was further characterized.
Competition experiments showed that the nuclear factor (named MREBP) specifically
recognizes MREs of hMTIl, gene. EDTA abolished the binding of MREBP te MRE,
suggesting that a divalent cation (s) is required for the complex formation. Also in blotting
experiments with HeLa nuclear extract and the [*P ] MRE probes an EDTA-sensitive 95k
protein band, which possibly represents MREBP, was detected.

* Department of Experimental Toxicology, National Institute of Industriel
Health

** Department of Environmental Toxicology, Faculty of Pharmaceuticol
Sciences, Teihyo University, Sagamiko, Kanagawa 199-01, Japan.

29 Masami KIMURA"Y | Shinji KOIZUMI® and
Fuminori OTSUKA®
Detection of Carboxymethylmetallothionein by Sodium
Dodecyl Sulfate—Polyacrylamide Gel Electrophoresis
Methods in Enzymology, Vol. 205, 114—119, 1991

Summary A sensitive method for detecting metallothioneins (MTs) by using silver
staining and autoradiography after sodium dedecyl sulfate-polyacrylamide gel electrophore-
gis (SDS-PAGE) of carboxymethylated MTs is described. Carboxymethylation of MTs is
indispensable because it prevents their aggregation, thereby allowing each of them to appear as
a single band using SDS-PAGE. Metallothioneins can be detected with & limit of nancgram
levels per lane. This method can be applied to MTs induced in in vitro cultured cells and in in
vivo tissues.

" Central Institute for Experimental Animals
? National Institute of Industriel Health
» Tetkyo University
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80 Kazutake TSUJIKAWAD , Takumi IMAIV , Tsutomu MIMURA",
Noriko OTAKI® and Masami KIMURA®
Involvement of Metallothionein in the Prevention of
Gastric Mucosal Lesions |
Metallothionein in Biology and Medicine, 347—358, 1991
Ed. by Cdrtis D. Klaassen and Kazuo T. Suzuki

Summary  Zinc {Zn) administered subcutaneously to rats significantly suppressed the
formation of water-immersion stress-induced gastric mucosal lesions. Metallothionein (MT)
in gastric mucosal cells was slightly induced by water-immersion stress load. When rats were
stressed by water-immersion stress after the administration of Zn, MT concentrations in
gastric mucosal cells and serum as well as the liver significantly increased in comparison with
each stress contrel group. Glutathione levels in gastric mucosal cells were significantly
decreased by water-immersion stress load. The decrease in the intramucosal glutathione
levels caused by the stress load could not be induced to return to control levels by the
administration of Zn. To clarify the physiological role of MT in gastric mucosal cells, a
newborn rat gastric mucosal cell culture system was utilized.

In cultured gastric mucosal cells, MT was found to be inducible by Zn. Xanthine-
xanthine oxidase-induced cytotoxicity enhanced by the pretreatment with methionine
sulfoximine was decreased by Zn treatment,

Intravenously administered MT-II isolated from the livers of zinc acetate treated rats
suppressed the stress-induced and HCI-ethanol-induced gastriemucosal lesions.

These data indicated that (1) intra- and extracellular MTs have the antiacute gastrie
mucosal lesion activity and (2) intramucosal MT functions as & physiological defensive
factor, instead of glutathione, during such stress situations.

" Faculty of Pharmaceutical Sciences, Osaka University, Osaka, Japan
# National Institute of Industrial Health, Kanagawa, Japan
¥ Central Institute for Experimental Animals, Kawasaki, Kanagawa, Japan

31 Koazutake TSUJIKAWA?', Takumi IMAI', Makoto KAKUTANI',
Yuzo KAYAMORI', Tsutomu MIMURA', Noriko OTAKI*,
Masami KIMURA®®, Ryuichi FUKUYAMA"' and Nobuyoshi
SHIMIZU*

Localization of Metallothionein in Nuclei of Growing Primary

Cultured Adult Rat Hepatocytes

FEBS, 283, 239—242, 1991

Summary  In primary cultured adult rat hepatocytes stimulated by epidermal growth
factor and insulin, dramatic changes in the subcellular distribution of metallothionein were

clarified by indirect immunofluorescence using antisera specific for this protein.
Metallothionein was detected only in the cytoplasm of cultured hepatocytes in the Go and G

— 111 —



phases, but was concentrated in the cell nuclei in the early S phase. The strongest staining
pattern in the nucleli was observed 12 h after stimulation. Subsequently, the intensity of
metallothionsin staining in the nuclei decreased. These results suggest that primary cultured
hepatocytes are suitable for examinig the relation hetween subcellular localization of
metallothionein and cell growth
"Faculty of Pharmaceutical Sciences, Osaka University, 1-6 Yamadaoka, Suita, Osaka 565,
Japan, ' National Institute of Industrial Health, 6-21-1 Nagao, Tama, Kawasaki,
Kanagawa 214, Japan, ® Central Institute for Experimental Animals, 1430 Nogawa,
Mivamae, Kawasaki, Kanagawa 213, Japan and * Depariment of Molecular Biclogy, Keio
University School of Medicine, 35 Shinanomachi, Shinjuku-ku, Tokyo 160, Japan

32 Katsuyuki NAKAJIMA"Y |, Keiji SUZUKI® , Noriko OTAKI®,
and Masami KIMURA *
Detection of Metallothionein in Brain
Methods in Enzvmology, 205, 387— 395, 1991
Ed. by James F. Riordan and Bert L. Vallee

Summary The amount of MT human and rat tissues was measured by RIA and by
using the same tissues simultaneously immunostained to detect the localization of MT. The
tissues containing over 104 g MT, g wet weight showed MT positive in immunoperoxidase
staining..

The localization of MT in brain was first reported by Nakajima et al, using
immunohistochemical studies of human and monkey brains. Metallothionein was localized at
the glial cells (astrocytes) predominantly in the brain. The role of MT in the glial cells is

unknown, but MT may play some important role for zinc metabolism and neurclogical
homeostasis.

) Japan Immunoresearch Laboratory, 17—5, Takasaki, Gunma, Japan

? College of Medical Care ahd Technology, Gunma University, Maebashi, Gunma,
Japan

2 National Institute of Industrial Health, 21 — 1, Nagao 6 — chome Kawasaki,
Kanagawa, Japan

® Keio University School of Medicine, 35 Shinanomachi, Shinjuku-ku, Tokyo,
Japan

33 Katsuyuki NAKAJIMAY | Keiji SUZUKI® , Noriko OTAKI®,
and Masami KIMURA® ‘
Epitope Mapping of Metallothionein Antibodies
Methods in Enzymology, 205, 174— 189, 1991
Ed. by James F. Riordan and Bert L. Vallee

Summary The antigenic determinants of verlebrate MT have determined by a
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competitive radicimmunoassay and immumohistochemical studies using anti-rat MT
polyclonal and monoclonal antibodies. The results indicate that the antigenic reactivity of rat
MT with rabbit antisera resides predominantly in the NH:-terminal domain of the molecule,
with the COOH terminal showing only a minimal interaction with the anitisera,

Using the monoclonal antibody raised agaised rat MT showed that the epitope to the
monoclonal antibody was located within the NH:-terminal heptapeptide, including acetylated
methionine. .

Two possibilities for the antigenic determinants include the NH:-terminal heptapeptide
having MT (1-§) residues with acetylated methionine and MT (3-7) residues without
acetylated methionine.

Most of the antibodies reported Table I seemed to cross-react with the NH:-terminal
region residues 1-7, including acetylated methionine, but the antibedy (QAL-JD) raised by
our laboratory showed hositive cross-reactivity with soybean Pro -Asn-Cys-Ser-Cys, which is
the only homologous sequence with rat MT and is equivalent to vertebrate MT NH;-terminal
residues 3-7. ‘

The well-characterized rabbit antisera and murine monoclonal anti-MT antibody, both
antibodies specific for the NH:-terminal region and having similar reactivities, may be useful
tools in studying the biology of MT.

? Japan Immunoresearch Laboratory, 17-5, Takasaki, Gunma, Japan

® College of Medical Care and Technology, Gunma University, Maebashi, Gunma,
Japan '

¥ National Institute of Industrial Health, 2I-1 Nagao 6 chome, Kawasaki,
Kanagawa, Japan

? Keio University School of Medicine, 35 Shinanomachi, Shinjuku-ku, Tokyo,
Japan

34 Kenshi YAO", Yasuko UCHIGATA®, Hiroko KYONO**, Hiroki
YOKOYAMA®, Yoko EGUCHI*, Hideo FUKUSHIMA***, Kouhei
YAMAUCHI **and Yukimasa HIRATA®
Human Insulin-specific Immunoglobulin G Antibody and
Hypoglycemic Attacks after the Injection of Gold Thioglucose
J. Endocrinol. Invest. Vol. 15, 43-47, 1992

Summary A 36-year-old woman with granulomas of gold thioglucose in her hips
exhibited recurrent bouts of hypoglycemic attacks. The first attack occurred 2 years after the
last injection of gold thioglucose, when large amounts of extractable insulin and human
insulin-specific antibody were noted in her serum. Histelogical examination of the resected
granulomas showed marked infiltration of lymphocytes, plasma cells, and macrophagss
containing yellowish-brewn granules, which proved to be gold by electron microscopy using
X-ray microanalysis. Afier resection of the granuloma, however, the frequency of the
hypoglycemic attacks decreased remakably as well as the levels of hoth extractable insulin and
human insulin- secific antibody.

" Diabetes Center, Tokyo Women's Medical College, Kawada-cho, 8— 1, Shinjuku-
ku, Tokyo ‘
** National Institute of Industrial Health, Nagao 6, Tama-ku, Kawasaki
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*** Department of Internal Medicine, Kumamoto University School of Medicine,
Honjyo, 2-2-1, Kumamoto

35 Atunaka KATO®, Hiroko KYONO**?
and Noriyuki Kuwabara™"*
Electron-Microscopic Observations on Rat Lungs after Long
Term Inhalation of Diesel Emissions -Non-Neoplastic Lesions-
Jap. J. Thoracic Dis., Vol. 30 (2), 258—247, 1992

Summary Non-neoplastic lesions in the respiratory organs-of rats (F344) were
invesiigated after exposure to heavy and light duty diesel emissions for 30 months.
Pathological examinations of the lungs after every 6 months of exposure were performed by
light and electron microscopy. Anthracosis caused by the inhaled diesel soot was the main
marphological change observed in the lung. Foei of alveoli filled with alveclar macrophages
engorged with diesel particles were scatiered in the lung parenchyma. Marked changes
observed in these areas consisted of intake of diesel particles by type 1 epithelium, hypertrophy
and glandular proliferation of type 2 epithelium with many extended microvilli and increased
number and size of lamellar inclusion bodies, focal increase of collagen fibers in the
interstitium, and infiltration of particle-laden macrophages, neutrophils, mast cells and
plasma cells into the interstitium of alveolar septa. Within the alveclar lumina there was
marked accumulation of particle-laden macrophages or neutrophile and their debris, as well as
laminated or serolled materials discharged from the type 2 epithelium. The most marked
changes observed in the airways were focal shortening of cilia and protrusions of non-ciliated
cells, which were attributable mainly to the effects of gaseous components in the dissel exhaust.

These morphological changes appeared in all the groups exposed to particle concentrations
greater than 1 mg/ o afier 6 months’ exposure, and were more marked with increase in
particie concentration and with time.

* First Research Division, Japan Automobile Research Institute, Inc., Karima 2530,
Tsukuba-shi, Ibaraki
** National Institute of Industrici Health, Nagao 6, Tama-ku, Kawasaki
*** Department of Pathology, Faculty of Medicine, Juntendo University, Hongo, 2-1-1,
Bunkyo-ku, Tokyo .

36 Akemi HARUYAMA® and Hitoshi KUBOTA™™
Updating of an Industrial Health Database by Retrospective
Indexing (1)
Proceedings of the 28th Annual Meeting on Information Science and
Technology, 95-104, 1991
Summary An indusirial health research information database was experimentally
updated by retrospective indexing for the purpose of efficient retrieval of citations. Data files

were converted into MS-DOS standard text files and were used as work files for indexing.
Indexing terms were selected based on facet analysis of bibliographic records and on
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information obtained from various sources.

After correction by experts in the field, the indexing terms (descriptors, classification
codes and free keywords) were added to the database records which had originally lacked
keywords.

*Aichi Shukutoku University, School of Library and Information Sciences
**National Institute of Industrial Health

37 Yoshimi MATSUMURA, Mariko ONO-OGASAWARA
and Mitsuya FURUSE
Adsorption Sampling of Phosphine and Some Other
Semiconductor Material Gases
International Symposium on Air Sampling Instrument Performance,
Applications, Technology, Criteria and Standards, October 29- November
1, North Carolina, 1991

Surmmary  Adsorption sampling methods for phosphine, arsine, silane and diborane
for the monitoring of workplaces of advanced industries, such as manufacturers of semiconduc-
tor IC and fine ceramics, were presented. As these gases are highly toxie and the TLVs
recommended for them by ACGIH are very low, sampling methods and successive analytical
methods are required to be sensitive. To satis{y these requirements, suitable adsorbents and
effective analytical methods were studied or newly developed.

This study includes experimental results on the basic properties of adsorbents such as
impurity contents and specific surface areas, gas adsorption capacities, improvements in
adsorption capacities with chemical modifications, desorption efficiencies of the adsorbed
gases from the adsorbents into solvents and quantitative determination metheds for phospho-
rus, arsenic, silicon and boron in the final solutions by various analytical methods.

National Institute of Industrial Health

38 Yoshimi MATSUMURA, Mariko ONO-OGASAWARA

and Mitsuya FURUSE

Analytical Methods for Airborne Arsine, Silane and

Dichlorosilane by  Adsorption Sampling and AA

Spectrophotometry

Applied Organometallic Chemustry, Vol. 5, 71-78, 1991

Summary Analytical methods for arsine, silane and dichlorosilane by adsorption
sampling and elemental analysis with graphite furnace AA were studied to establish convenient
methods for atmospheric contamination surveys. This study included the following five items:

(1) primary selection of adsorbents applicable to adsorplion sampling; (2) examination of the
adscrption capacities of the adsorbents for the gases; (3) improvements by chemical
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modification; (4) desorption of the gases adsorbed on the adsorbents with solvents; and {b)
guantitative analysis of arsenic and silicon in the solutions.

The optimum procedures for the three gases derived from the experimental results were
as follows. For arsine, active carbon made from synthetic thermosetting resin beads was used
25 adsorbent and the adsorbed arsine was desorbed with a hot diluts nitric acid solution. For
gilane, the same active carbon as for arsine was used as adsorbent with sodium hydroxide
impregnation, and the adsorbed silane was degorbed into hot water. Dichlorosilane was
adsorbed on the same synthetic resin active carbon and desorbed with a hot sodium hydroxide
solution. The desorbed arsenic from arsine or silicon from silane and dichlorosilane were
analysed by graphite furnace atomic absorption spectrophotometry. The lower determination
limit for arsine able to discriminate from background interference of arsenic was 0.0056 ppm,
and those for silane and dichlorosilane were each 0.05 ppm for 3-dm?® air samples.

National Institute of Industrial Health

39 Yoshimi MATSUMURA and Tsuguo TAKANO
Optimum Analytical Conditions for Ethyleneglycolmonoalkylethers
by Adsorption Sampling with Active Carbon Tube and GC
J. Working Environment, Vol.12, No. 6, 54-61, 1991

Summary  Conditions for the most sensitive analyses of the vapors of methoxyethanol,
ethoxyethanol, sthoxyethylacetaie and butoxyethanol were studied with the use of aciive
carbon adsorption tubss and gas chromatography(GC). The desorption efficiencies of the four
organics adsorbed on active carbon into various kinds of descrbing solvents and the lower
limits of quantitation by gas chromatography under various conditions were observed from the
standpoint of optimum condition selection.

The four organics were most effectively desorbed from active carbon with
dichloromethane mixed with methansl (6 vol.%). The four organics were desorbed at
efficiencies higher than 90% with this solvent. The performance characteristics of various
kinds of packed columns and capillary columns on GC were studied comparatively and a
megabore capillary column coated with a liguid equivalent to PEG 20M showed the largest
number of theoretical plates and favorable psak separations. By the use of active carbon tubes
and gas chromatography with FID and a megabore capillary column, the four kinds of
monoethoxyethers could be determined at concentrations lower than one tenth of their
assessment criteria for the work place environmental air.

National Institute of Indusiricl Health

40 Yoshimi MATSUMURA
The Report on the International Symposium on Air Sampling
Instrument Performance held by ACGIH
J. Working Environment, Vol.13, No.1, 21-25, 1992

Summary  Aninternational symposium on air sampling instrument performance was
held by ACGIH from October 22 to November i of 1991 at Research Triangle Park in North
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Carolina with about 130 attendants. The program included plenary lectures, symposia,
scientific reports and technical workshops.

The topics of the symposia were size selective collection methods of particles in
accordance with the new criteria for particles, i.e., the three categories of respirable, thoracic
and inhalable, trends in air pollution control administration in the USA and new tools
introduced for air monitoring and educational programs for workers. The eight workshops on
Air movers/Pums, Particle Size Selective Samplers, Passive Dosimeters/Adsorption Tubes,
Radioactivity Samplers, Direct Reading Instruments for Aerosols, Direct Reading Instruments
for Gases and Vapors, Detector Tubes for Gases and Vapors and Bioaeroscl Samplers were
conducted by conveners and concluded with recommendations for governmental administra-
tion.

National Institute of Industrial Health

41 Yoshimi MATSUMURA, Mariko OGASAWARA and Mitsuya
FURUSE
"Technical Report - The Monitoring Methods of Semiconductor
Material Gases by Adsorption Sampling Methods (Part 1)
J. Working Enuvironment, Vol 13, No.2, 35-38, 1992

Summary For workplace environmental measurements in advanced technology
industries, such as semiconductor IC and fine ceramics, highly sensitive analytical methods for
air-borne toxic gases in the use of adsorption sampling were developed. This report cutlines
detailed technical procedures for the sampling and analyses of silane and arsine.

For silane, synthetic resin active carbon impregnaied with sodium hydroxide is used for
adsorption sampling and hot water is used as the desorbing solution. For arsine, synthetic
resin active carbon is used as the adsorbent for sampling and a dilute nitric acid solution is
adopted as the desorbing solution. Both silicon and arsenic elements in the final solutions are
determined by graphite furnace atomic absorption spectrophotometers. Utilizing these
methods, air-borne gases at concentrations lower than one tenth of the TLVs recommended by
ACGIH, i.e., & ppm for silane and 0.05 ppm for arsine, can be determined.

National Institute of Industrial Health

42 Yoshimi MATSUMURA, Mariko 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 II, 91-V, 1-13, Environmental Agency,
Japan, 1991

Summary  Analytical methods for air-borne toxic gases of semimetal compounds and
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cellosolve vapors were studied for the past three years for the purpose of establishing sensitive
and practical methods for environmental monitoring of atmospheric contamination generated
by high technolegy industries. Adsorption sampling methods were studied for this purpose.

Adsorbents with satisfactory adsorption capacities for arsine, silane, dichlorosilane and
phosphine were selected from studies conducted in previous years, and the optimum desorbing
solvents for obtaining high desorbing efficiencies of the adsorbed gases and sensitive analytical
methods for desorbed arsenic, silicon and phosphorus in the final solutions were studied this
year. l

Through these studies, the adsorption sampling methods for four kinds of semiconducior
material gases and four kinds of cellosolve vapors with satisfactory sensitivities were
established, i.e., quantitative [or the target gases and vapors at concentrations lower than one
tenth of the assessment criteria directed by the Japanese Government and TLVs recommended
by ACGIH.

National Institute of Industrial Health

43 Yoshimi MATSUMURA

Applicability of Potential Theories to the Adsorption Isotherms

of Organic Vapors on Active Carbon

The Proceedings of the Second China-Japan-USA Symposium on

Advanced Adsorption Separation Science and Technology, May 13-15,

Thousand-Island-Lake, Hangzhou, China, 38-39, 1991

Summary Adsorption isotherm equations of three types, derived on the basis of
potential theory, were applied to the observed adsorption isotherms of 34 kinds of organic
vapors on an active carbon. This study was performed to obtain a general scope of the
applicability of potential theory to organic vapor adsorption on active carbon, and to derive a
universal method of predicting adsorption isotherms from observed isotherms.

Isotherm equations giving the relations of the adsorbed volume as functions of the st
order, 2nd order or nth order of adsorption potential were examined as to their fitting the
chserved isotherms and in terms of their correlations with the parameters of molecular
properties of organic vapors. The results showed that the 2nd order equation best fit the
observed isotherms and the parameters correlated highly with the elecironic polarizations of

the adsorbates.
National Institute of Industrial Health

44  Yoshimi MATSUMURA
'KUUKIJOUKA-Air Purification’ (in Japanese)
Chapter 6-1, New 'Kasseitan-Activated Carbon’ 167-177, Edited by
Y. SANADA, M. SUZUKI and K. FUJIMOTO, Kodansha Scientific,
Tokyo, 1992

Summary The applications of active carbon to air purification systems of varicus
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scales are reviewed. The largest systems are deodorant plants for human waste treatment.
Modified active carbons are used for different kinds of odorous species.  In industries where
toxic chemicals are handled or generated, the waste gases are drawn from the indoor to the
outdeor space by ventilation systems and treated in detoxication plants before being exhausted.
Active carbon is used in these plants to remove organic vapors from the air. There are various
scales and designs of planis for this purpose. Gas mask canisters and cartridges are also
packed with active carbon to remove organic vapors and some kinds of halogens, This review
includes diagrams and tables showing the properties of practical plants and apparatuses.
National Institute of Industrial Health

45 Norihiko KOHYAMAY and Yasunosuke SUZUKI?
Analysis of Asbestos Fibers in Lung Parenchyma, Pleural
Plaques, and Mesothelioma Tissues of North American
Insulation Workers
Annals of the New York Academy of Sciences, Vol, 643, 27-52, 1991

Summary  Asbestos fibers and ferruginous bodies (FBs) in lung parenchyma, lung
cancer tissues, pleural plagues, and pleural and peritoneal mesothelioma tissues [rom 13 North
American insulation workers were analyzed and quantified using an analytical transmission
electron microscope and a polarized microscope. Diseases from which these workers suffered
included asbestosis, lung cancer, and mesothelioma. They had been occupationally exposed to
materials containing chrysotile and amosite; their pathological diagnoses, occupational and
cigarette smoking histories, and clinical summaries have been reported. Large numbers of
FBs were found in the lungs and small numbers found in extrapulmonary sites. Most of the
I'Bs had cores of amosite fibers. In all instances, lung parcnehyma and lung cancer tissues
showed chrysotile and amosite fibers in high concentrations (63.1x10° gnd 150.2X10° fibers/g
dry tissue as mean values, respectively). Crocidolite fibers were seen in seven of the 13 cases,
but in much smaller numbers., Cther amphiboles were rarely found. In pleural plaques and
in pleural and peritoneal mesothelioma tissues, amosite fibers were markedly fewer In
number, whereas chrysotile fibers were seen in similar numbers as in the lungs. No
significant differences in the size distribution of asbestos fibers were seen in the different sites.
However, the mean widths of chrysotile fibers were thinner than those of amosite fibers. These
results strongly suggest that translocation of inhaled asbestos fibers from the lung to other
tissues, such as the pleura and peritoneum, occurs frequently, and that chrysotile may be more
actively translocated from the lung compared to amosite or amphibole asbestos. The
likelihood of translocation seems to be strongly related to the thinness of the fibers.
Translocated chrysotile fibers may play an important role in the induction of either malignant
mesothelioma and/or hyaline plaques, since the asbestos fibers detected in both these sites were
mainly chrysotile.

V National Institute of Industrial Health

2 Division of Environmental and Occupational Medicine
Mount Sinat School of Medicine of the City University of New York
New York, New York 10029
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46 - Yasunosuke SUZUKI* and Norihiko KOHYAMA*”
Translocation of Inhaled Asbestos Fibers from the Lung to
Other Tissues
American Journal of Industrial Medicine, Vol. 19, 701-704, 1991

Summary To investigate translocation of asbestos fibers, tissue samples from 13
North American insulators were examined, using electron microscopy. Of the two major types
of asbestos, chrysotile and amosite, chrysotile was found to be much more active in the
iranslocation than amosite, being the fiber mainly detected in mesotheliomas and hyaline
plaques.

* Division of Environmental and Occupational Medicine,
Mount Sinal School of Medicine of the City University of New York,
New York
** National Institute of Industrial Health

47 Tsutomu OKUNO," Hiroshi JONAI™™
and Tsuyosht KAWAKAMI™*~
Exposure of Workers to Electric and Magnetic Fields from
Radiofrequency Dielectric - Heaters to Process Polyvinyl
Chloride Material
Jpn. J. Ind. Health, Vol. 33, 491-500, 1991

Summary  Exposure of workers to electric and magnetic fields from radiofrequency
dielectric heaters (RF heaters) to process polyvinyl chloride material was surveyed.
Measurements of electric and magnetic field strengths were made in 10 workers operating T RF
heaters at 8 plants in Japan. Six of the RF heaters are of the sewing machine type and the other
is of the shuttle tray type. In all the RF heaters surveyed the nominal frequency of the
radicirequency generator was 40 MHz, and therefore eleciric and magnetic fields from these are
assumed to oscillaie at the same frequency. The power output ranged from 0.83 kW to
1.8 kW for the sewing machine type and was 2.4 kW for this shuttle tray type. Measurements
were made at about bem [rom the surface of the hand, eye, chest, waist, knee and foot of each
worker. The meter readings were converted to equivalent plane wave power density and
corrected for duty cycle €0.073 to 0.27).

It was found that all the workers surveyed were exposed to electric and magnetic field
strengths greater than the TLV recommended by ACGIH (ImW/erf). For the hand, eye, chest,
waist, knee and foot of the worker, 95%, 63%, 32%, 47%, 36% and 27% of the measured field
strengths exceeded the TLV, respectively. Especially for the sewing machine type RF heaters,
electric fields at the hand and eye were extremely strong. Thus, for the hand, 100%, 75% and
38% of the measured slectric field strengths exceeded the TLV, ten times the TLV, and one
hundred times the TLV, respectively, and for the eye, 88% and 25% excesded the TLV and ten
times the TLV, respectively. No correlation was observed between power output of the RF
heaters and measured electric and magnetic field strengths at any anatomical site ¢of the
worker.
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*Department of Environmentel Hygiene,
Nuational Institute of Indusirial Health
**Departrent of Occupational Diseases,
National Institute of Industrial Health
*** Department of Experimental Toxicology,
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48 Tsutomu OKUNOC
Thermal Effect of Infra-red Radiation on the Eye : a Study
Based on a Model
Ann. Occup. Hyg., Vol. 35, 1-12, 1991

Summary  Cataracts occur frequently among workers who deal with hot material such
as molten glass or steel, as a result of exposure to intense infra-red radiation (i.r.) emitted
from it. To investigate this hazard, a theoretical model of the human eye being exposed tc i.r.
was developed, and the temperature distributions within it were calculated. It is suggested
that i.r. cataracts in the workplace result from the generation of heat by absorption of i.r. in the
cornes and heat conduction to the lens. The threshold i.r. irradiances for cataract formation
were determined from the relationship between the incident irradiance and the lens tempera-
ture, and were in the range 163-178 mW ¢m™® for long-term exposures {greater than about 5
min) under normal conditions. However, these values may be reduced by 50% for workers
who perform heavy work at a high ambient temperature. It may be possible to set i.r.
exposure limits in the workplace based on these threshold data.

Department of Environmental Hygiene,
National Institute of Industrial Health

4% Hiroshi JONAIY and Takeshi INASAKIY
Some Cases of Failure in Ventilation System
The 13th Asian Conference on Occupational Health and

The 3rd Conference of South-East Asian Ergonomics Society, November
25-27, Bangkok, 1991

Summary In all diseases and in all places, the history of industrial development has
meant a history of occupational diseases. This relationship has been particularly marked
during times of rapid economic growth. Japan is no exception, and there have been many
people suffering from occupational diseases. Among the various countermeasures developed
to protect wrokers’ health from harmful substances, ventilation system have played a very
important role and will be one of the most useful countermeasures in the control of harmful
substances.

In Japan, the workplaces where harmful substances are produced or handled are expected
to be equipped with exhaust ventilation systems. Legislation concerning ventilation systems
has contributed to improving workplace environment. On the other hand, there are many
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cases where a ventilation system is installed only for complying with the legislation. Most of
them are not only useless in protecting workers health, but wasteful from an economic point of
view. The causes of failure are that lack of basic knowledge about making ventilation hoods
and the indifference to workers’ movement. We iniroduce somme cases of failure in installing
effective ventilation systems and discuss how o improve them.
" Department of Occupational Diseases,
National Institute of Industrial Health
» Department of Human Environmental Engineering,
Nutional Institute of Industrial Health
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