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(1) Nondestructive X-ray Fluorescence Spectrometry for Determination of

Trace Elements along a Single Strand of Hair

T. Y. Toribara
University of Rochester School of Medicine
and Dentistry, Rochester, N.Y., U.S.A.

Concentrations of trace elements in hair are finding increasing value
in nutritional studies (essential trace elements) and in toxicology (toxic
metals). Previously available methods have been tedious, time-consuming,
and expensive. We describe here a new develbpment in X-ray fluorescence
instrumentation that provides automatic longitudinal scanning for some 16
elements in consecutive hair segments. The mass (in pug/mm) is determined
simultaneously at each point, and the absolute concentrations are computed
in parts per million for the elements. The method is nondestructive, and
results (including mass) show much reproducible detail. The millimeter by
millimeter longitudinal analysis allows recapitulation for previous toxic
‘metal exposures for months or years, depending upon thé length of the hair
strand. This instrument, in a clinical setting, opens up many new

research oppotunities.

(2) Results of Computer Analysis of the Costal Water of -Lake Balaton

Bela S. Ralovich
Institute of Public Health and Epidemiology,

University Medical School, Pécs, Hungary

Balaton is the largest lake in Middle Europe (length: 72 km; surface:
588 km?; wideness: 3-5 km; average depth: 3.3 m; catchment area: 5774
km?; volume of the water: 1.9x10° m®). 1t is a very popular place not
only for Hungarian but also for foreign vistors. Last year during five
months (May, June, July, August and September) about 10 million persons
stayed at the lake for shorter or longer period of time. During last 15
years some changes of the quality of the water have been observed. To
verify the most important relationships we have regularly controlled more
than 40 parameters of the water. Samples are taken at four places of the
lake. Seventeen parameters ( living germ count at 20°C and 37 C, number
of coliforms, number of sulfite reducing bacteria, temperature, COD, 5-day
BOD, NH%:, NO;, reactive PO!~, total dissolved inorganic substances, HCO3,
dissolved O, , pH, tortal nitrogen, total phosphorus, chlorophyll-a) out of

the all are studied in this work.



We used 1037 data of 61 samples for the analysis. Multiple linear
correlation and regression analysis, one-way variance analysis and factor
analysis were performed on the basis of BMD computer program. The
significant coefficients of the correlation matrix may allow the conclusion
that the individual parameters are in multiple relationship with each other.
The variance analysis proves that chemical, biological and bacteriological
differences are present along the longitudinal axis. On the basis of the
results of factor analysis six factors - phytoplankton system, anthropogenic
effect, own Dbacterial system, nitrogen circulation, hydrocarbonate and

reactive phosphate system and NH} circulation - could be separated.
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, (1) Statistical Analysis of Survival Data

Kenneth ]J. Kopecky

Radiation Effects Research Foundation

Hiroshima

Survival data ‘is characterized by the facts that (i) survival times

are positive random variables, and (ii) such data are frequently subject to
censorship, i.e., some observations may be incomplete due to end of study,
loss to followup, etc. In this presentation we review how standard
approaches to statistical analysis, modified to account for censoring, have
been applied to the analysis of survival data. Although a variety of ways
to describe survival distributions are available - the survival function,
median survival time, five-year survival probability, etc. - the hazard
function is an especially useful representation for models of survival. For
parametric statistical analysis, the ﬁazard function is assumed to be in a
specified family of functions, indexed by one or more parameters. The
optimal methods for testing and/or estimating the parameter values depend
on the family specified. For nonparametric analyses, such as those based
on Cox's proportional hazards model, no restrictions are placed on the
shape of the hazard function; instead, for comparative studies, inference is
directed to the relationships between hazard functions. A third general
approach, semiparametric analysis, has been developed in recent years. In
this approach, no restrictions are placed on the hazard functions, which
are estimated simultaneously with inferences about relationships between
hazard functions. This approach is especially useful for large data sets
and grouped survival data, and can provide useful descriptions of
relationships between survival distributions and other covariates. The
themes of this talk are illustrated by examples, including data from a
randomized trial of chemotherapy for leukemia, and data concernihg

leukemia incidence among A-bomb survivors.
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Table 1

Microflora in Minamata Bay sediment

7 M
| Minamata Bay g Sendai Bay Komno-
M-1 s 1 sz | 83 | s [ se2 S
Total Hg (wg/g) 458 230 | 303 ! 287 10 | o2 0.1
oH - 7.7 76 . 7.7 - | 76 7.6
Temp (°C) - 22.3 225 | 231 - 29.6 29.4
cob - 22 0 35 [ 37 0 = | 64 | 86
CFu__ (/9)  7.1x10"1.6 X 10[5.1X 10,56 X 10| 59x10° |7.5 X 101.6 X 10
Bcillus | 54 %| 57| 42% 439 | 57% 38% 80%
Pscudomonas 23 6 7 20 9 LI 2
9| Vibrio 1 7 21 5 9 31 5
o H
% Corynebacterium| 11 9 7 9 5 5 5
' & {Other
2! Gram - 7 16 17 11 15 15 4
Gram + |___5 5 6 i1 5 10 4
| 147(100%) | 203( 100%)] 222(100%)|202(100%)| 82(100%) | 182(100%)|190(100%)

Table 2 Percentages of Hg-resistant bacteria

[Concendration of HaC1, (a/mn

KEE, k28B8 XUVNREDORLF D Bceillus
B, Pseudomonasfg, Vibriof@, Coryneba-
cteriumBNDHgCl, B LTUFCH3HgCl Iz X3 5
BAOHEEZEELLLI S, HEORVWED

| Mercury T cpyyg Ny
conc. | 10 20 40 HEE, B oEKBEEICHALTHALT
Minamata Bay (1)) 458 pa/o| 7.1X 10° | 100% 100% 58% 38 % Wiz, KEEHRDA 1g/miHgCl, ¥k InFE XKEg5H
; Zo NES
|
Minamata Bay (2)! 27, i 11X10° | 86 39 20 86 v
namata Bay (2)} 274 | THE L'C( 5 Pseudomonas & & JIINER L
Yunoko | § 33x10° | 100 79 64 08 DHHEDEEAKBILLEHIZNTIMI COSHE
SendalBay (1) | 10 | s9X10° | 78 69 &1 03 #£ 3R Lz, KEEKEHE Pseudomonas D
L o 3 ~
Sendai Bay (2) 1.0 i’ 9.5 X 10* 100 96 1" 0.3 m7540)§$k‘i ch 12 NDMIC 75)’ 50~100 llg/
m{TH - TeDIZHUIIANE R LEROBEHOZ
OMI CEBEZRTEDEXDOT S BITTE 2
Table 3  Distribution of MICs to mercurial compounds
HCly(pg/ml) CHyHg(pg/mil)
Genus 5-10 10-20 20-60 s0-100 190~ 0.025- 0.05- g,1- 0.5- 1.0~
i 150 0.025 0.05 0.1 0.5 1.0 2.0
Minamata Bay |.
Pseudomonas 0 0 0 54 18 [} 2 15 51 o 1
Sendal Bay !.
Pseudomonas 2 1 3 1 0 [} 2 o 5 o o
Baclilus 23 17 4 ] 0 1 7 12 24 1 0
Vibrio [ 1 3 2 0 ° 0 1 4 2 0
Corynebacterium 3 4] 1 0 o 0 1 2 1 .0 o
C,oH HgCKpg/ml) CyH HgCKpug/m) C4HsHgOCOCH; (pg/mi)
Genus
0.1~ 0.5- 1.0- 2.0- 0.1~ 0.5- {,0- 5.0~ - - - -
0.6 1.0 2.0 4.0 05 10 g9 10 0-8 610 t0-20 20-50
Minamata Bay |I.
Pseudomonas 16 17 36 0 [} 8 64 o 7 40 28
Sondal Bay |,
Pseudomonas 1 1 5 0 1 0 5 1 1 3 1 2
Bacilivs 0 20 18 0 4 8 31 1 7 32 2 0
Vibrlo 1 0 4 2 0 1 e 0 o 2 [s]
Corynebacterium 3 ° 1 0 3 o 1 0 ° 0 0




»7ro —7F CH3HgCl TOMI Ciifith @D
BTERBO SN 5, £z CHs HgCl, C
H3H,gCIBIUCGH5HgOCOCH3 TIEKERESR
KOEHEPNINERRFEHCHEARPOMI CAYE
WHEZR Lic, £2KEEH XD sg/miHg

CliRMEXEEHTRE LT 5KBHHHE Pseu-
domonas N2 E Kk ( 728 ) X HgCl, 20 ng/m/ &
gk, 25C, SRR E SR TEY
61.0+16.6 % D HgCl, # R L7, & b2, ZhH
S5DED HgCl, DERAL T & FEMIC A~ /58,
REZHRE, REEH pHEK, REEH NaCl

BETERSERLRICET A Z LY L,

£ =

KEBIEEEODKBESATTHBERIZLY
HHRah, TORETOABREENLTKERN
BAE LT, GEIBR~BER LR HIZIZNESL
EBLAEEGTY, 465.8mg/g LMOER DR LK
BECHEREWMEEZRLTWS, TDX5ICnE
FRBEOKBESATCKEEBRLDIZZ, NB
Wi E LT L, kZBBIUNINEBREIC
HWREBIZHBIT 5 Pseudomonas B (55 H &
BRTHY, 40 1g/miHgCl HMEK LM CRE
LT< 5Hix2 T Pseudomonas BTH -7,
7ZHgCl iz +5MI CHREEV D P Pseudo-
monasBTH -7z, UEDI LB HLKBEN L H
KRBEOKFTHEREI NI LD TIX, Pseu-
domonas BOK B EEHE L TEEL, K$EL
HERIGE2TR - THwdLH#EEEN, —FHIIA
BEREDLOIEBEDOKBHFRRLPIZH 04
/m{HgClL IR IMERE M TRAE L TL 5 EOE
fEL Tz, Timoney et al! ? iZNew York
Bright ® A48 & 0.12~0.31 4g./g D&+ O Ba-
cillus BB HgCl 220 1g/m! FiNEFKEZH CRE
LTLBZ L%, /- Nelsonk Colwell ¥ &%
REO0.0Tg/g LIRBIECKBREZTTRES

DEA HgCl, 6 1g/m ¥ N KE TRE LT
CHBBVFETBIZLEHELTWS, DIz
KEMEHIEREOKFEBETICIBVTY, &
BEDKBMME* BB L TCHEELTVWELETEX
Nnd, KEEBR L LD 38 L7 KB Pseudo-
monas BOLEKIX, 20 245/ /m¢HgCl, HiMEHk
B SKBEERM L, ZHUTKBRERIC

"~ LD HgCly A Hg® KEBRENIELE 2 AT

505, KEBEROKBRIEEIZ L3 F0EHRR
X, ZoBell Eiirh25C 4885 fiIBE % T61+16.6%
THoleo TNEDERIERENTESNIE
THY, EBEOBREEET CORERELTLY
REBELTHWSEEIELSNENE, BREETT
DKBOBERIZZNFABHMEEIBEE LTS
AHEEE TR TEEDTH 5,

X ®|

1) Shewan, J. M., Hobbs,'G., and Hogkiss,
W. (19%60). A determinative scheme for
the identification of certain genera
of gram-—negative bacteria, with Spe-
cial reference to the Pseudomonada-

cea. J. Appl: Bacteriol. 23, 379—390.

2) Timoney, J. F., Port, J., Giles, J., and
Spanier, J. (1978). Heavy —metal and
antibiotic resistance in the bacterial
flora of Sediments of New York Bri-
ght. Appl. Environ. Microbiol. 36, 465
—472.

3) Nelson, J. D., Blair, W., Brinckman, F.
E., Colwell, R. R., and Iverson, W.P.
(1973). Biodegradation of phenylmer-
curic acetate by mercury—resistant
bacteria. Appl. Environ. Microbiol.
26, 321 — 326.



2. WMEMOKBAEBEHEE LAEO
AFNAE - BRAFMERS

BRPIZEENIKBDIFLA LR A FLKE
DOHTHEEL TS LI 1967 ED West66 Vo
BREVPHRRTABO A FALERIENERLTNY
BT LERITRBELIZOERITT, BEDTOHAE
BV OKBEE LS 2A FLKBEEEL TS L
WO RBRELPER VTREES NI, L LBAE
WL OKBUEEDOBBRIGIIHR LT A F 11k
DHRTEEL, »F KBS T AFAERIT
TYNKBOHg - CRADHBERKSH 1+
VERTLTSBARBEERTOIRIED H L DK
BRHEREDICL - THRESNDIZ LBK 4ICH
LRI ENFz, ( Table 1)

C.cochlearium T—2 #3HF3 3 kiE%
AFIET DEERF

ODNHONWTKBE AF AT ELEREIN-H
EHD S BEE A FALEERHE & &b Clo
stridium cochlearium T — 2 @ 2 ¥ AEERF
FREL, TOESEBBIIHLTEETHY, &
HOMERLBIZY - THRERES, BFNICE-
TARE»BEDN, D OTEXERBHS IR LTHE
HDTHVWREZUERTZILERHLE, DO TH

Table 1 Microorganisms having an activity of
mercury biotransformation (-1979)

2

Hgt 5 r-ngt R-tigT— 1g%T .y ng

Cl. cochlearium Pseudomonas K62

N. crassa Flavobacterium sp.
E. coli Pseudomonas sp.

B. megaterium S. aureus

A. niger E. coli J531

M. phlei S. marcescens

P. fluorescens Providencia sp.

A. aerogenes C. freundii

S. brevicaulis P. mirabilis

. aerogenes E. cloacae

FERRFEER
#¥ ME-FE FX

FOM M 5 S Amberlite XAD—IRU SP
—Sephadex C—25%BwirhSasa<t 75
74— FZXY 2 FLERETFEOEEL, Zh
EAFALER I VBp(AFAa"5 3 V) LEIE
L35I ERHRED

C. cochlearium 75 X 3 4Ff7'ﬂ7§t5k'
(T—2P)IC LB AFLIKBONIRE K
SRS 75 KA

A FMERFREOHAR T, HHEEHNRITRT
59 BICIEERERT I L VW BRI LITLIEN
Fxnebhbhik, ATHBEROXKIZ, 202+
NEREE S REERYIC A F L KBEEFRERT S
EHEEZRBRLTWAZ LERE LD (Fig- 1),
Z D5 R EIG D& BT D 7 A F A KBRS RIE

HETRTMEDOHAL IRV SBKBEDNE 5IC

B CHBLTEbNSZ Lk, BEED

1.0 ¢ v B 14
§ T 3
< F i «?
€ | o
Zost i2 =
: z
G ! \ g
> i
g S
Q
-4
W
3

O 1 Ao i o

0 1 2 3 4
TIME (HOUR)

Fig.1 Decomposition of methylmercury and for-
mation of inorganic mercury by C. cochlearium T-
2P, C. cochlearium T-2P was grown anaerobically
in nutrient broth containing 1 4M methylmercury
at 30°C. Total mercury(Q), methylmercury(@),
and inorganic mercury (l) in the culture medium
and the growth of C. cochlearium(A).



14 vRKBLELTERESNWDZ LE2EML DI,
TORBIEELEGEE T 7YV VAL VO TR
FHZ LIV RbNDET LS, 7FAI D
BErTFREN, FREEERTEE(T—2
P)NS7 7)o vy ARBICE) EEESE
STEBE(T—2C ) ~NEAICLY)IHES I E
BToZL, RUSEKODNARMHBLTT»

P A ABREKBICID D LAGEELS, =

DAFAKBHRBRERITS S A Ficthk+ 5z
L BEEDD St

SO TSIEMEANTT—2PKIZIZH, S
REATOHEELRDHD, T OFEMIX curing 1T &
> THRbLH, FHREHLRARICESICE -TT—
2CHRICEBTAZLEEYLORGIZSS A F
ERZOHRBOBEREPFEEL TV A Z &2 &5
Lot VB, HREEIZKEILEHORMC
F-oTHEHEEN, EEEREIRERESLTY
BRMEFROFTNLEERD, 7YV AKBICHRT

TAFLKBOFNIDFRENDFT N L o3

8 L7z
T2V oA VvV IARBIZL > THRESRRT
Ho S EAFEM L -/ T—2CHIEIBUERKS
PHAFNAKBEEETHIERERT LSR5
7= ( Table 2 ) . ¥
T—2PHKET—2CHK% 1:90E4 TRSE
LTERETSLEROMREZIZLIIT - 2Pk
DERT—2 CHROBEIVEL BB LEEND
Bhico LIzdi- THRAKbOOADLIUBREL T
FEEIZE DTN RBRST— 2 PESEEL, #
REELXFERDIIIHY, FOEHARHEML, F0
F2DILT—2 CHROEEOA FAKBELETEMEN<
A7&N, T—2 PEOFHOGREREEIHEL EH
TR b DLEBTHI L AHERY
ElEDERHS S C. cochlearium T — 2 P 3SR
FTT7AFAKBIIH T DML, £, K8
LEVOEEILL > THFHEI N -FREHRICLD
TAFAENBBEL, £ e84+ v BAES
Table 2 Mercury-methylating . activity and

cobalamin contents in the parent strain and the
cured strain of C. cochlearium

Mechvimercury
formed (ng/6 x
10" ceils per liter)

Co determined*®
(ng/mg of protein)
Strain

Total CH,

-B-: “'Bl;’ Co® Co

Parent (T-2P) ND? ND 1.70 0.47
Cured (T-2C) 960 1762 1.43 0.43

® Co, Cobalamin: CH» Co, methylcobalamin.
® ND, Not detected.

Growth (9 of control)

REFCELETOH, SIK X » TABHTARER A
HeSKEHB L TEBLLTHZ L CHEBENLD
DTHLEERADT LHHEKD,

A FILKBELEFEORSE

EREDOHMR S DT, MAEYOKER B ES
FLLTi, MERHIIAEELESBAB T
HgS 24 T 5 EMEH 2>, QEEAR~D
KBUEHOBRAEMIET S, BEERIZLEED
SHItLEMEEELRAETH, T ERELS
0Tk, C. cochlearium T—2C%iZ U oL
TOMEYHP R T A FAERRINEYERICE
ST BEREFEONPIIRBHOETEIBR I
TERED, bAbhiEN—2FA—N—=} 2 —
N=tev7s77=vvTT—2CHKhsLEY+S
LIZX-sTT—2COE 23 vBLBEXRKEES
LKL, Zovs I vBL,BERELEKT
HDT—2CHRUT— 2 PHBOKERMESHLE
LTFig 2 DX KRB, AL, €523 v
BoBERKET — 2 ClE 4+ vkBizst 5%
ZHEIESR D, &A1 4+ v BABICIRTBE
HIXT—2 CLERTHLAIZEFLTHS O~
¥, T—2CHrolEMEREFRL, “he
30,000XGTHELLTE LN EE (S—30) iz
T amMAEN ARRICH S5 WBARL £ 5 1
KBOBEERIZH SNICEBKBOF L,
MR TITER A A+ vRKBRIZ A FL KLY
BEREVNBRVLELONSS

IhEDHEELE 2458 T, C. cochlearium
T—2CORTAF L KBEAFERIZIEGA TE
B+ v BKBE A FAKBICEBRST B L TH
BEL, BB X v RAKBIINTIMELERD

KWHERLTHWALE ST LAEXRB,
% B
C. cochlearium T —2 L &L X hi-EIZH

o
9

[+] 20
Concentration (uM}

Fig.2 Growthinhibition by HgCl,. The organisms were grown anaerobi-
cally in a vitamin B, , assay mediurn (Difco) supplemented with 25 ng/ml

of vitamin B, , and contained various concentrations of HgCl,. Growth
was measured by turbidity at 540 nm after 24 h incubation at 30°C.
Svmbols: (Q): Clostridium cochlearium T-2P carrying a mercury-
resistant plasmid (Pan-Hou et al. 1980). (O): C. cochlearium T-2C. (®);
Vitamin B,, auxotroph from T-2C



AFILKERIZHTT BBt
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O T-2P%
=
"
AFLKBAMEE
g HSE4 AW | AR
g!
7K
$R
{Z
Y
% O T-2C%
it AFLKREEEHEE
- QE%:BLEXK

WTKBOBBRRIG ETHELEF LIER, 1o
DEEYENR 75 A I VERETHI0EHLTKE
DAFAEEFIZAFAKBOBRAF ALV
RENLERRICEBEL, TOREBIOED
KEMHEEBIBTEELEI LR T LW
ML 5T,

1)
2)
3)
4)
5)
Q

7)

X "’

Westo6, G., Acta Chem. Scand., 21, 1790
—1800 ( 1967 ).

Imura, N. et al., Ecotoxico!. Environ.
Safety, 1, 255—261 (1977 ).

Pan-Hou, H. S. K. et al., Appl. Environ.
Microbiol., Dec., 1007—1011 ( 1980 ).
Pan-Hou, H. S. K. and Imura, N., Arch.
Microbiol., 129, 49—52( 1981 ).

Pan-Hou, H. S. K. et al., Ecotoxicol.
Environ. Safety, 6, 82—83(1982).
Pan-Hou, H. S. and Imura, N., Arch.
Microbiol., 131, 176—177 ( 1982).
Pan-Hou, H. S. and Imura, N., Bull.
Environm. Contam. Toxicol., 29, 290—297
(1982).
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CHARBRBECIBOWTAENEENEBEEOAR Y
KB A F A KBOBETEELTWAI LI E
CHOLENTNWDR, ZOBEREECOVTIIRY
ENRVELLOMBEEELTVWS, ThizE L L
T, AHMBBFEECEZELZSBIIBWTHE
HORBEABSPIZEETNIKELEHD S b, 4

YRBIZRDLIEREDOR V2 FAKBDOS S

WME S TR, BEDIRBI I ZFOHELER
BICIBEBTE AW LICERL TW5, BEd K
BOALTREBRBFIZIEETDZIZI LIS, E
BRoOBEDLEKBLOILDY SOHE SN
KEROOH BN, BEGTOAFAKEDEY
BECEOIBRBEYBUETILDIIIEERTED
BEAFALKBAOERBEZY, R AF LK
BOREOBREKBIZBT LRBOICAKRHIC AR
ENDPICOWTRAN L SERMICFEMT 5 L
#IZ, FhOHOBBLXETHIBERTF B S0
WTBZLHEETHHLEEDLNS,

ReipgitErv—y -t @B re<t 757
4+ — L EHES BB ENFEICLY, il
TFAMIBITDERE, KB, ARED&ZE a2 vi3—

A VP TOKBHEBERKICEFMEToL LB,

WaDEHET TORN 2 FAKBAER, £~ F
NEKBOFHE S RABA~ND 2 F L KBER
KOWTEENFMmERAATV S, 22 TIE, -
NTIHELOOEBERERICL) BREZITTH
54270 (#r5)OEBBIUHIIIKEZ BN
TeERERICESE, WIIRIEBIT S 251K
DERE ZOHBFE~NDERBEICHAT R 2%
&35,

EEBFHE

D EBRHH  BOEETRADOIETHS,
EHA  EhoFENHEPRBOW, SlYs
80.44%, KX4510.7%, #K58 8.8 ppb & 15,

HEUKERPAR € v 5 - XBHRTEBSE
R FB

EEB | —HEH L/~ Woodchips & v+ 34
UV, EBYERE4.4%, K341.4%, BKE 8.2
ppbo

ERC A 7IHTFTHROEETEHED Wood-
chips #&1r, FHEYWEE51.8%, K780.7%,
K EE 1153 ppbs

Rl Tikem(1—2g)2@BAL, MK
FT 6 BEEMLEERIZEL /-,

@ EH, AKX, fatkdicBd skEorks
MRERRE, KEBIZOWTi, ERESYD 0.1
—10ppmiZ 725 & 5 AL KR £ /21348
ferFrKBEEML, FINAIZH LTIZ0.05—
1000 ppb DB GHEK R % hn % T20° DEEFFTAL v
Fa~—1t L, EEAIZONWTIE, 1.0ppbDk
HUEEBKE T I A FAKBESDAPT—F
ReEIKR LMD AT/ %, KBLra& gk
FCTHE L,

® EE-MIIK—ARIIBITEAFLKED
HERL A, LEIBEORLB 24 7OEBHIC
RBREEXY 1 ppmOKHBELLE - A2
ML DEM1IRET 7 A8 F o ~ 7OER
KEEBL, FOLIC1 (oA EB B X
ERVWEIRBOCERLTSAIERT>HE L
oo BB, BUIBREHETH-DICERTIKS
#)20ms/min BEDEKIEKRE AR, FAOEK
BED2%ICHYT2HEEL2EBH 1052/, &
HIZ, EEORALADIEEIC L - THBILXES
DEBCHMT, EEDOELEFS cnD L BIZ 7 5
AF v VBOBRA 7Y — v H LI,

@ BABROFK . KBEL LURIZHOWTH,
1 -3 g (BEE), KARIZHoWTIZ
S5méEALTAZED, A=V = Fv=hT
£ —(Nal )EAOWTRE LA, kIZAIZSON
Tk, K10miEANT A T AFTHEHADAD
BHEELZE D LIREECHIHERME L 1T/ - 77,
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® AFAKPOFH (BKBOWMER, EH
BIUFBIZOWTIHIN—KOH—Et OH 8m¢
ZMATH05HERVEY, HBE (1>5) 5m/
BIXUOOL1 Y Fyv—vEvy5ml &#Ma<T
‘e OoOMHT S, BLUTHSE, ~v¥vBgroe
VOALBIVEKREF PV Y ADK 0.5 g %
RFETA L Z 2IZFL, 1ml &R0 1
TG, Thie7veE=7K(1-10) 10m{
EMATIRVEY, BHOCF YV vERETSH,
RVEVBHL0.5miFIERIC L) iHERBIE
LTRERMEBDREERL DL, Ny ¥A% K
O THEREEET S, BRBIVEBOT 2+ v
WEBLEYXLY ) A7 VBB LR HT 5, %
TR 2 -4 FOEBAKBR(IDBIL A FLK
BOZELSF /X2 —bo~=—h—L LTEMAL, n
~FHUV—RvEV(1+1 ) TBETE, B
BAtE, MB > — &, FA, BEKE, 251K
BRBIVBEDAD4SDOBRFIZHETHVREL,
BRTOBRHELHET D, THHDERF O
HEZEDELRBHERIIN TS 2 7 L KBRE
FOBSHEEDOH ZRD, TOMELBKEMEL »
CRBPILEENI A F A KBEREBT LI,
—7, KRARHZOWTiZ, HAK50— 100miz L
D, BBETIZKMnOZI0*MBEICASZ L5
KMATEGRBREL-DL, 0.1 % 5V v—
NV 5m,THHL, ZOXvE VBIZOWT,
LITad OBE L REBRIEL, KPhiz&dEh b 4

FALKBEER DI,

BRELUVUER

(1) HWEHHLEBFHEICLIIBHEA FLKED
SRS
KBILEHORBNERE L F+ 5 DI,
KFIZEEND ppt VL OKBOLEHESE T
BOHNIL) DERECHEFTENERINS,
REFTERINIEBKBIAFALKBOART
HY, EEREPIEFETINBRBE TIIEEK
BREOKR L ORMORMAZTRKIGITRZ 50
TLEBENLDOSNIZ D, REEKELBV
AHRBLENTFEICL) ERETFAROBEKE
DCFHBHNOEB LM TS Z L B3AIREL L -
oo KFRICBWTHEI Lic 2 FAKB X
EERARPICE TN OKBIEEYEARERED S
FUER—PELTRVvE VICHBL, 87 e~<
VT4 XV GBELTRIELLYETHE
DTH B, KEIZ LD BEIZ A F AL KBELRET

DB IR~ 75 7 4 —HBIT R - TR

BROTXTOXKBUADEDRL BT HZ
ENREELVA, KB LTHRWFLV— R
BT F /Y vEROTHEERAR G 50ME X
BHETRL, ERAB L HHBORMAEETRLS
LIS WRIREIFERIB LN, BADOEE,
AR EDOPCBsHHICRBITIRTAEEL LT
BUWONTWAEABD 7T AN VG RERIGAL
JztZ A, IN—KOH—EtOH #mmz TRV &
FHRET TRAMZILA LELIZTRLEN, A
R OKBIEB AU TICERBICF V2 - L
LTHHHENDZ L Bbhrnlz, EREBIZOW
THFBALLABRETRI T LICI VR X< HhiH
SEETEZLZLRBEOOLND, THhiZEBH T
KFkE&Hetrt s o 7L TWVWBLERbIB7 ¢
VEBRTAAYRBIZXVERL, KEA A R
FERLROT DDt ELIOND, £/, KB
FOKBIZOWTIR, EBARTIZCF V v—=
VE NIV BRI B IR LERST
RefEl DA L MR BEL R otERILABEX
Nizny, TOHE, KBXR»THICERTHIEE
DKMnO, (10°—=10*M) A5 Z LIz LD X
BHROKBRIZE A LELCHBENSLHIIR
BIEDBHBLE, ZDZ LiX, KBhODOKEBN
—MEBKBLLTHEETHA I LERBLTED,
INHBRKMnOy ik VEBlbtEhToF vy vn*
V= MR THOICHBREALETEE D
LEZOND, B, TNOHDOHABIZLS 2+
NVKBOFRIIBDONLH o7, EHKE(D)



K1 ER=TAVIIBTIAFLKBEREZOFHIZONTOZHA (21 )

Chemical Form of Mercury

t S: le Total Mercur Recover
System amp Y y Inorganic  Methyl % Methyl
, ppb 103.8 % 0.161 ppb 0.098 ppb 37.80 %

Water 0. 259
114.3 0. 160 0. 099 38.07
; Sed 904. 63 123.3 888. 95 15.65 1.73

H H t

() San eatment  g36.29 121.8 919. 17 17.13 1.83
185.31 (1.34g)  118.5 69.16  116.15 62.68
Fien 153.10 (1.24) 113.3 58. 40 94. 69 61.85
*® 108.35 (1.61)  118.7 #4.73 6362 58.72
164.23 (1.57) 109.9 66. 64 97.59 59. 42
109. 2 0. 024 0. 040 62.52

Water 0.064
105. 0 0.025 0. 039 61.02
w d' ) Sed 1041. 92 106.1 961. 05 80. 85 7.76

i 1 t
(C) Wood chips ecment 100,68 108.2 1015.40  85.30 7.75
25.67 (1.26) 119.9 1.51 25.16 94.13
33.99 (1.11) 117.3 3.62 30.37 89.34
Fish :

29.49 (1.49) 112.2 2.73 2%.76 9. 74
34.81 (1.33) 121.7 3.86 30.95 88. 90

LAFAKBOCF VR = NIV ) Iy — 1B
FAN, RvEv—~FH+ v (14+1), A=
- FA—7rv(94+1), AWM= —FT L —FE
frrrn (9+1)ETEETSLZHEICISH
Xh, BRI FLKEBCF VE— FDORE
i WThoBBBENEA THEENF N0 B —

0.358 L TF0.60—0.75 2~ L, EBEKMI LT A
F L KBS LN DM I2iE, HEEKBOFE
FRLAEBRD SN 5T,

EBPIZ 1 ppmDEBKELZHM L KR ET
MZOWT, KEE, KBRBIUVRIISENDIKE
DHBEFNETR - TRERER VIR LS, &
AR L FEKErGRIHBEINATEY, |
EHDAZ 7 HNEL, BEORBOGES L
Enz ko,

{2) %Eﬁﬂ*kkﬁéﬁﬁ@k%%%%&

EBNTOEBKEC A F L KBOEL RN 2
R, BEERIZBOTI A FAKBERKIG &
SERICYRREICEZ Y, BRESERLFICEE
BHII—FDAFAKRUVRAICETHZ LA
15, BEEDIIBIT A FLABERRIGIZIER
FAKBRENMEMEL A FAKBAERKENRE L 7t
LT LB D BN, Thbb, R—DKEAIZ,
0.1, 0.5BLU10ppmDIELE - KBEBEMaT
4 BHBEO A FALKBERKERELE Z A,
ThENT.8, 5.2, BIXUF1L4%BTHoTc, 1

0._A P __---+-—~-&‘—_-_-.L_-_

__ e =-®

1,000 1,200,

0 200 400 600 800

hours

B2 EBAPTOAFAKBOER L TR

JIAWBEL T2 0.1—1000ppb BEEE T2 F1
KBE~NDOEHRIILLBDSNY, s Fr KBS
BOAZBBEEIN, ZOFINKBTOAFAK
BOFBRIGIZ1—10ppb D BHETLICEE T
HY, MATxF L KBIZIOBHEETTIELAL
EBBIZELTHZ LBEDH SN, 1000 ppb
UETRAFAKBEZEDTEET, B
0.1 ppb BB BB D x F 7K i3 JIl K o TH#&
MEEICFELIDE W) ERBNER LB,




R2 ERET VBT IKBOLEHENSf L BRE G

Mercury in Sediment Sediment /Water Hg in Whole Water f }
' (ppb)| Partition Coeff. ! , (ppb) Avg., Methyl ![Methyl Hg{Methyl Hg
Type of | Inorg ‘iMethyl [ %o Inorg. Methyl % Hg in {in Fish Uptake Rate
Sediment ) Methyl Inorg. | Methyl ‘ Methy1 | Water (ppb)| (ppb) (hr!)
Sand 800 | 16.0 | 2.0 | 4,000 170 .204| .095 32 063 | 929 | 29
Sirand 960 9.4 | 7.2 | 9,80 760 [ 112 .103] 48 069 | 1120 3.2
oodchips | I
\voodchipsg 1048 | 93.5 [ 8.9 | 50,000 | 4200 i .023‘ .031] 57 .021 28. 1 | 2.7

¥z, BBRATORKBORELERARLDIZ, &
BRKBRBIVAF LV KBEMVRAALLSBLER
WCHBIRL, ¥ 1 5 ARIZARICEBETIKEDIL
FHRERNI LTS, EBEKBERIAALKA
(4R )Xo THH ppb DRBKBEIEE LT
KT ERD 720, FON% U LiTESEOFET
Holeo —HAFAEKBEEGUDA(4R) TOH
HEEIBOTERNT, 1 ¥ AETH FOHEIX
AFAKBOEETHoTeo TNHEDI LD,
FNBRD 2 F AKBOREL LTD 2 F L KE4
BICODWTHEEFPEELZREALZELTHHHD
LEZEND, .
3) EBREFAIIBIT B IAFAKBERE FD
vl
EERETARTOAFAKBERE FOHT
REBEZHARLLDIZ, ERFEBICHE > TEE—K
—ROXREERL, 3BRICOE - TRADE =
VA= b AV MIGENDIBKBEB LT A F LK
BEAE LR, LORTHEEBED 25 LKE
ARG HLERERLHICBIY, 1 8MUE
FIE—EBD A F VKBV A RO Z L BREBX
Ny, ZTREHBOL S ICEBF TIEA FAK
BOAREGBVRBFIIRBI A b, 2O
ZOERICKY) —EDORERBIH S bh b
RIS, »F L KBEREIEEOERIC &
DREY, EBATI2BESD - -0 L,
FRYSEOBEVEEC TIX8. 9%z & Lz,
KEBIZBITLKBIZBKEL LTppt LA T
HoTeh, KBFKBEDS bAF LKBOEDH B

HEIWORTYE 3BMEINL ERL, ORT
IF60HWETHILBRO LN, 9 LIk
SRIREIFERVRTHIZEFRFETH - 12,
BUERICERLAKReFH 5L, 3BHEE
2, KL LTEHADRTIE 110—185 ppb(CF
#5153 ppb) , EEHE B DR T 114—127 ppb (FH124
pob), EEC DR TIX 720 £\ 25—35 ppb ( F
B3l ppb ) #RL, FORAZAKED LD LE
BiX, EnFN58.7—62.5% (¥ 60.6% ),
80.2—92.2% (FH591.1% ) BLUF8.9—94.1%
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5%, KBTOAFAKBOER LFOHMHIZR
ETREBRPOLLICTHILICE T, B
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rHLEDLEZ NS,
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EERTHY, X, TOXRKETIHIZBVTB6
>CO3fE) TH-IH, TORKEIED S
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DEAKFEZT1IHELS3HBR LT TABICK



pL, 1BETHEOH( 25 ) TH-b D5,
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PREMOH L EATH - 0, EPAKBREIZL
DBIZBNTHEUREPRD SN0 - - ( Fig
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Fig.1
D.)mercury excretion. Male and female C57BL/6
N or BALB/CA mice were P.0O. administered
methylmercury chloride (5mg/kg) and their urine
and feces were collected for 24 hr.
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Fig.2 Sex and strain differences in mean (+S.
D.) tissue mercurylevels. Experimental conditions
were same as described in Fig. 1
» + Significant within strain sex difference (P<0.01)
+ + Significant within sex strain difference (P<0. 01)
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Fig.3 Sex and strain differences in mean (+S.
D.) blood mercury levels and plasma/blood ratio
of mercury. Experimental conditions were same as
described in Fig.1.
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Fig.4 Sex and strain differences in mean (+S.

D.) tissue mercury levels. Male and female C57
BL/6N or BALB/CA mice were I.V. injected with
methylmercury chloride (5mg/kg) and they were
sacrificed 5 min. after injection.

+ + Significant within strain sex difference (P<0.01)

++ Significant within sex strain difference (P <0. 01)
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Fig.5 Sex differences in mean (+S.D.)
accumulated mercury excretion. Male and female
C57BL/6N mice (7 weeks) were P.0O. administered
methylmercury chloride (5mg/kg) and their urine
and feces were collected for 1,3 and 5 days.
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Fig.6 Sex differences in mean (+S.D.) tissue » » Significant within age sex difference (P<0.01)
mercury levels at various times. Male and female N=4—6

C57BL/6N mice (7 weeks) were P.O. administered

methylmercury chloride (5mg/kg) and they were
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BRI ERB LT, FEOERREA~,
WAFZER1IRGELBEL, THREICS
WTBEEZRI -7t R1IARLZESICEL
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NEEDOHRTH -T2,

BREHEIZ, EHRUBRBIITALERL S
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Fig. 1. Apparatus for the determination of mercury by

electrothetrmal atomic-absorption spectrometry following
gold amalgamation. (A) Carrier gas, N,; (B) regulator; (C)
reaction flask; (D) cooling tube; (E) gold trap; (F) furnace;
(G) absorption cell; (H) flow meter; (I) mercury lamp; (J)
detector; (K) recorder; and (L, M) cold water.
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Fig. 2. Effects of the yeast extract on the
time course of mercury volatilisation from various
mercury solutions. (A) 40ng of inorganic
mercury, SnCl,; (B) 40 ng of inorganic mercury,
H,0,; (C) 40 ng of inorganic mercury, H,0,,
without yeast extract; (D) 40 ng of organic
mercury (methylmercury chloride, ethylmercury
chloride or phenylmercury acetate), H,Oy; and
{E) actual specimen, 25 ng of inorganic mercury
and 0.1g of liver homogenate, H,0,. Each
point represents separate analysis of inorganic
mercury alone.



Table 1 Recovery of inorganic mercury from bioloigical samples
. Inorganic mercury Mercury  Recovery,
Biological sample . present/ng Mercury added/ng found/ng %
i 96
Brain (0.5 g) A, 6 (HgCl,) 50 54
Liver (0.5 g) .. . 13 (HgCl,) 30 43 igo
Kidney (0.5g) .. .. 49 (HgCl.) 30 80 3
Blood (1 ml) IO 4 (HgCly) 50 52 96
Fish meat (0.5 g) - ig g{igg,) gg gg gi
ver (05g) .- 13 MRICY) 1000 18 0.5
13 (EMCt) 1000 18 0.5
13 (PMA3) 1000 17 0.4

* Methylmercury chloride.
t Ethyimercury chloride.
{ Phenylmercury acetate.

Table 2
and combustion method

Comparison of mercury values in rat tissue determined by the proposed method

Mercury found + s;d.l ng g?

- Proposed method
(inorganic mercury)

1.10 + 0.03 (8)t
19.66 + 1.01 (8)

Sample*
Liver .. .
Kidney ..

Combustion method
(total mercury)

1.13 4 0.08 (10)

19.01 £ 0.73 (10)

* A rat was intravenously injected with 0.25 umol of HgCl, and killed

4 h later.

t Number of determinations indicated in parentheses.

Table 3 Relative amount of inorganic mercury in jorgans and faeces after injection of
1 ymol per rat of methylmercury chloride

Inorganic mercury, %*

Proposed methodt Norseth and Clarkson memod?“(‘
Organ Second day Tenth day‘ Second day Tenth da?
Brain .. .. .. 2.6 3.4 0.44.0 0.4-4.0
Liver .. .. .. 9.5 21.4 12 27
Kidney 1.8 36.4 20 41
Faeces .. 48.8 51.4 53 51

* Values are the means of determinations on three rats.
t Rats weighing 180 g were used in both of the experiments.
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Table 4 Total and inorganic mercury in tissues of mouse injected with mercuric

chloride and sodium selenite

Sample* Inorg.-Hg(ug/g)t Total-Hg(ug/g)*t
Blood ce ee ee 1.64 1.60
Liver ce  ee oo 1.91 1.88
Kidney .. .. .. 7.91 7.88
Spleen .. .. .. 2.08 2.32

* A mouse was subcutaneously injected with 0.5 umole of
HgCl., and 1 umole of Na,SeO, and killed 24h later.
+ The values were the means of three determinationms.

Table 5 Distribution of total mercury in pregnant
rats administered methylmercury chloride

* The value was mean £ S.D. of six fetuses.
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Table 6 Fetal distribution of total and inorganic
mercury in rats administered methylmercury

: chloride
~ Tissues  Total-Hg(ug/g) Inorg.-Hg(ug/g) Inorg.-Hg(%) Total-Hg Inorg.-Hg Inorg.-Hg
Blood 11.85 0.17 1.40 Tissues ratio to ratio to
Brain 1.26 0.02 1.51 MB/8  Dlacenta  “B/B  placenta (%)
Liver 4.15 047 11.32 4 Whole body* 3.2110.37 0.81 0.10+0:02 0.83 3.09
Kidney 16.39 32 19.65 Blood 14.84 3.88 0.14 117 094
Placenta 3.82 0.13 3.04 Brain 231 0.60 0.02 0.17 0.86
Pregnant rats received a single intravenous injection of methylmercury Liver 5.13 1.34 0.08 0.67 1.56
chloride, 5 gmoles, on the 15th day of gestation. Five days after Kidney 278 0.72 0.08 0.67 2.88
injection, total and inorganic mercury were measured in maternal tissues. Placenta 3.82 1.00 0.12 ‘1.00 3.04
The values were means of two rats. * The values were mean + S.D. of seven fetuses.
poHo/g
s.0r Liver Kidney
4.0 ¢
Table 7 Fetal and maternal distribution of 3.0 ¢
mercury in pregnant rats administered mercuric
. . Total- L al-H
chloride 2.0 ol-rs Joral-na
Tissues M 1.0 S
Maternal rat(ug/g)  Fetus(ug/g) Inorg.-Hg Inorg.-Hg
Whole body* 0.08 +£0.01
Blood 0.33 0.01 1 3 5 7 9 1 13 1 3 s 7 9 n 13
Brain 0.10 0.03 Days after Birth
Liver 0.81 0.02
Kidney 65.57 0.02 Fig.3 Time course of total and inorganic
Placenta 1.13

mercury in the liver and kidney of newborn rats
The values. are means of two or three rats.
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7. EVEATO A FI)Lk$R Biotransformation @
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Fig.1 Effect of phenylhydrazine on the peripheral

hematocrit (%) and spleen weight.
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Table 1  Inorganic Hg (%) in spleen cells
collected from MMC-PHZ treated rat.

Inorganic Hg (%)

Spleen 9,6+1,8
Spleen cells 7.4%0,8
M@ rich spleen cells 19.3£1,5

(carbonyl tron method)
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Fig.4 Inorganic Hg found 5 days later after MMC
injection in spienectomized rats.
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Fig.3 Effect of PHZ on the biotransformation
of MMC in rats. (1 day after PHZ injection)
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Fig. 1. Mercury concentrations in the blood Fig. 2. Sephadex G-15 chromatography of stroma-

samples collected at various times after sc (A) or iv (B)
injection of CH,2**HgCl. The values are the means of
three animals for rats and mice, and of two for rabbits.
(O) Rat, (@) mouse, (W) rabbit.

free hemolysates obtained from rabbit blood (A) or
human blood (C) added in vitro with CH,2**HgCl, from
rabbit (B), mouse (D), or rat (E) 30 min after sc in-
jection of CH,;***HgCl.



Table 1. Mercury excretion into the bile of rats, mice, rabbits and guinea pigs after i.v. administration of Me?>HgCl

Time after injection (hr)

Bile 0-2 2-4 23-25 0-2 2-4 23-25
flow
(ml/100 g body
weight/hr) Concentration (nmole/ml) % dose

Rat 0.29 + 0.06 2.33+0.33 2.84 +0.86 3.08x0.43 0.47 £ 0.11 0.61 +0.30 0.57+£0.14
Mouse 0.07 = 0.03 0.72 £ 0.49 1.92 £ 0.66 1.73+0.64 0.023 +0.013 0.091 = 0.063 0.076 + 0.021
Rabbit 0.28 £ 0.12 0.31 £ 0.09 0.31 £0.18 0.14 £ 0.08 0.049 = 0.017 0.036 + 0.012 0.019 = 0.010
Guinea pig 0.59 + 0.22 0.059 = 0.006 0.054 = 0.010 0.167 = 0.038 0.024 + 0.009 0.019 = 0.007 0.069 + 0.028

Values are average of four animals (mean = S.D.).
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solution. (O) Rat, (O) human, (@) mouse, (M) rabbit.
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3. Release of mercury from erythrocyte to BSA
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KB DBHPHEHEELS v+, =VA, FE v}
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Nz h -7z (Table 1), FBITHTD £ FALKHED
FERBERANILLIAFig 4R T LI, 7
vy P TCIRFORBAH I NE TOREE LRIBEIC #
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Fig.4 Sephadex G-15 chromatography of bile from rats,
mice, rabbits and guinea pigs 2-3 hr after i.v. administration
of Me*HgCl (3 umole/kg). B.D., blue dextran; MM-
GSH, methylmercury-glutathione; MM-Cys, methylmer-
cury—cysteine; MMC, methylmercuric chloride.



Concentrations of Hg & Se
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Fig.5 Concentrations of mercury and selenium in
the brain obtained from mouse 10min after the
intravenous injection of CH,2**HgCl and/or Na,”*SeQ;,

or (CH;?*Hg),"*Se.
i GSH L nEAGLE LTH R Ih D E
Z25NTWVWD, € » FOEHIZ in vitroTx
FAKE - GSHEGEMLAEBICYLAETD L,
LTDAFAKBERGT FEOEFIIBE T
Lhb, FE v POFE, A FAKERT b L
A GSH LoBEEGHE LTEHHICHEEh
5LLTS, BLREHHPCRSFEOHECE
HELTLESBDEEZALND, 7 v FUSMND
BT x FAKEOBITPEEMBERBICONTIZ
BEHFMCEFTZMA TWD,

XFILKEBDEENENRE D=L LD IEE

2 VLB R 2 FAKBOFERLBERTDZ
LR HENTWD, R4z 2 F L KEDOMBRE)
BNt Bevy (e vvE) OFE% in vi-

tro CRE L7722, wrvid 2 FAKEOmMBRA
SHICIE LA EEEBEE ARD 5 T, LLiR
Kbz 2 F A kKBE Vv v ERDAERDI LA F
AKFE LV v RHITHFEDPHTR v vil7]
BHELED, ZOBEB2FLKBE2HaTFLEV
Y15 FOEESEKTH D bis (methylmercuric)
Sclenide ((cHsHg)2 Se;BMS) nA&ERKIC LD
CLERWELEY, sFAKkBLev v EBY
KRBICEET S L 2F L KBOMA~NDERE
BT BZ LrAmbsh TS, BMSDET
BESNI2FA KB, TOHFELIVHELI

S BPIBITTEIZ LD, £V vbEPHIZ L
B2FLKBEOMBERHEMBARLAEZ D BMS D
HERICEBTHERSE L OB ) (Fig.5), Lo
LBMS DER L+ L Vit k5 2 FAKBERER
BEELDOEFRIZIESDELEIALLFTBTH B,
AFNKBOLEGRNBHB L ZORHBEIT, =
FEEAEBRBLNZIEINTHWENVLEWSTHAES
TiEv, BADHRIBEE T L EHE R L
LARICTERVYE, BHPBERITF L v DB
RELEHMIRTL, ZZTRODOWEEER
BRORBEBEBLESEBRUTIZ LIZE - T
FAKBORBOBUERBEBBOMPICEEILE

Tz nLELD,

X L

1) A. Naganumak and N. lmura, Toxicol.
Appl. Pharmacol., 47, 613, 1979.
2) A. Naganuma at al., Toxicol. Appl.

Pharmacol., 54, 405, 1980.
3) A. Naganuma and N. lmura, Biochem.
Pharmacol., 33, 679, 1984.

4) A. Naganuma and N, Imura, Res. Com-
mun, Chem. Pathol. Pharmacol., 27, 163,
1980.

5 A.Naganuma et al., Res. Commun. Ch-

em. Pathol. Pharmaco!., 30, 301, 1980.
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Table 1 Effects of food restriction on the cell-free C Leucine incorporation in the
rat brain and liver

|'*C|Leucine incorporation®

Brain Liver
Body weight Percentage Percent-
(percentage of age of
Duration®  of initial) Control FR¢ control Contro! FR controt
4 84.3 + 049/ 188 + 156 177+ 13.5 94.1 596 + 32.9 685 + 105 115
6 76.7-+ 237 211 £10.6 220 +29.6 104 680+ 173 546 + 120 727
7 75.3+286 172 +150 160 + 2.29 93.6 498 + 63.5 264 + 156 53.0¢

¢ The food-restricted rats were given 6 g of diet/day/rat on Day 4 and thereafier (see Fig. 1).
. »Counts per minute per 100 gl of postmitochondrial supernatant (PMS) for brain and 50 gl of PMS

for liver.
¢ Duration of food restriction in days.
4 Initial means the onset of food restriction
* Food-restricted rats.
/Means + SD of three to six rats.
* p < 0.05, compared to control vatues.
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RETHEZD SN, TZORRIE, 2 FAKE
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LOBDLEEEEND , BE, MBHDOT : /8
BREZALZAMLREBICHIFTT &

Table 2 Inhibition of protein synthesis in regions
of the brain of methylmercury-treated rats

Protein synthesis
(% of Control)

Day 10 Day 15*
Pons, medulla oblopgata 85.0 98.4
Hypothalamus 71.6 77.1
Striatum 81.0 82.9
Midbrain 76.4 80.3
Hippocampus 74.7 85.7
Cerebellum 81.1 72.4
Cerebral cortex 68.4 84.9
Spinal cord 89.0 94.0

“ Number of day after onset of sc injection of MMC,
1O mp/kg/day tor 7 days.
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Table 3

Tissues Specific activity (dpm/mg protein)*
Control Day 5° Day 10 Day 15

Veantral roots 45.5 [45.3,45.6] 37.3 [35.1,39.5] 35.7 [40.8, 30.5] 33.4 [36.6,30.2]
(100) (82) (78) (73)

Dorsal roots 46.0 [46.4.45.6] 38.9 [39.4,40.4] 50.3 [50.4, 50.2] 71.6 (80.7, 62.4]
(100) (87) (109) (156)

Dorsal root ganglia 244 [231,257) 145 [146, 143] 147 [148, 145] 131 [134.128]
(100) (59) (60) (54)

Sciatic nerves 37.4 [35.0,39.7] 36.5 [36.0,36.9] 42.5 [47.9.37,0] 58.3 [50.9.55.6}
(100) (98) (114) (156)

* Rats were injected i.p. with 1.5 mmol valine containing 10 uCifl-"*C]valine per 100 gr body weight 2 h before the sacrifice. Each value is the mean of two
experiments shown in the square brackets. In each experiment, the tissues from two rats were pooled for the-assay. Numbers in parentheses are % of control

value

> Number of day after onset of daily s.c. injections of MMC (10 mg/kg/day) for 7 days
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Table 4 Effect of methylmercury in vivo or in vitro on enzyme activities in rat tissues

In vivo In vitro
Enzyme Tissue
Dose ) Change ICSO Hg/protein
(uM) (n mol/mg) !

Choline BR (=) 35 60
acetyltransferase VR xg,u;/kg/day (0) -

orRG X7» sc (0)

SN - -) 88 160
Acetyicholin- BR 0) . 1,060 220,000
esterase v 10 me/kg/day () 1,400 47,000

orR  XI» s€ (- =) 1,300 16,000

DRG (-) 780 S1,000

SN (-) 1,000 11,000
Glutamic acid CR | mg/Tat (0) 41.3 124
decarboxylase CL  x7-xll, po (0)

BR 10 mg/kg/day (0) 240 48
Catechol-o-methyl CR (-)
transferase cL 10 mg/kp/day  (p)

L x7, sc =)

BR 0) 100 S0
GABA-amino- BR 10 mg/kg/day (0) 250 2.8
- transferase x7, sc
Monoamine BR 10 mg/kg/day (0) 54 1,600
oxidase CL  x7, sc (-)

L (-)
Tyrosine BR 10 wg/kg/day (+)
hydroxylase x?7, sc
Lactic BR 10 mg/kg/day (0) 16,000 259,000
dehydrogenase L x7, sc (+ ) 7,000 156,000
Hexokinase BR 10 mg/kg/day  (+) s 52

L x7, s¢ )
Succinic BR 10 mg}kg/day (- =) 3.7 160
dehydrogenase x?, sc
Pyruvate BR 10 mg/kg/day (-) 26 1,700
kinase L x7, se c (- 26 170
Na-K ATPase BR  As above ) S
Neuron-specific BR  As above =)
enolase ’
Glutathiore BR 10 mg/kg/day (-)
peroxidase L x7, sc (- =)

BL )
Superoxide BR 10 mg/kg/day (-)
dismutase L x7, sc )
2',3'-Cyclic CR 1 mg/rat Q) 1.6 4.8
nucleotide CL  x7-xl1, po (0)
phosphohydrolase BR 10 mg/kg/day (0)
RNA polymerase BR 10 mg/kg/day  (0)

- 1.0

RNA polymerase {,II BR



2 in vivo KB W THHESNE SN 2RI
BERV, DEDORERIERACEIT S 2 F 4K
FOBBOEEM TP S HE~ND—ERZEA I
FESRWHERLDOTHBZ LERT LI,

EASREDOHE L OBRT TORAH EIRE

WWRBETWIRREEDIRBLTNDS,
 H Y [

A FAKBR EDEPT EOBEABSREEDMHE
=, BERAREBBEOEEZOS DOBEETHD
LN LRI ENT, B RIEEICN T D A
FAKBD in vivoll BITDIERS B d DT
372 <, Vb3S HEXRTH-THL<{ME%L
STBVAIbREIN, SEOFREL LTI
TO=ZABFEERZIOLELTHIT L I, (1)
FAKBCLIBEAERBRLOENE TIIHER X
hich, ETORABOABREES—HRICETL
TWBDTHS I B2 BERADT - THWEHR
OB, BREEHFCE A FLKBCLIIEAE
TLOERBEENRAEDIZILETRBTIERER
BEBLATVWAIDTIDEILDVTERLTWE
TtnEEALTWD, (2), (1VEBIE L THEDEH
DEBREWE TS 2 F KB PBIERECES L
TOBDREPIZONTERERTRETHS 5,
(3) 2 FAKBOBRIIKN T HEBTMEAICE W
THEFTFLEBLNTVIRBICKEKELT
W3, BEEEB DS HEN 2 FALKBOEHTH
DAEHIIMARKEIVWET 250, MIRASMICE
T3 2 FVKBOBEZI -E D EOBAKET
DORMRBPLETHS 5,

X 3

1) Y. Yoshino, T.Mozai, and K. Nakao:J.
1223 -1230 (1966 ) .
S.P. Herman, P.E. Brubaker,

Neurochem. 13,
2) R.Klein,

(. W. Lucier, and M.R. Krigman I Arch. Pat-
hol. 93, 408-418 (1972) .

3) S.Omata, K. Sakimura, H. Tsubaki, and
H. Sugano :Toxicol. App!. Pharmacol. 44,
367 -378 (1978) .

4) S.Omata, K. Sakimura, H.Tsubaki, and
H. Sugano I Toxicol. Appl. Pharmacol. 44,
367 -378 (1978) .

5) D.S.Dunlop, W.V.Elden, and A. Lajtha
tJ.Neurochem. 24, 337-344 (1975) . ‘
6) M.E.A.Reith, P.Schotman, and W.H.
Gipsen:J.Neurochem, 30, 587-594 (1978) .
7) S.Omata, T.Horigome, Y.Momose, M.
Kambayashi, M.Mochizuki, and H.Sugano
. Toxicol. Appl. Pharmacol. 56, 207-25

(1980).

8) EHIEE, /MNMR=RB, HXKEHF, BAXH:
KRARC BT DR EBTRE. 3740 (1980) .

9) S.Omata, Y. Momose, H.Ueki, and H.
Sugano : Arch. Toxicol. 49, 203-214 (1982)

10) EEE], kT, MR=EB, BEE DAL

%, 48, 748 (1976)

11) H. Sugano, S.Omata, and H. Tsubaki :
Studies on the health effects of alkylm -
ercury in Japan, Environment Agency of
Japan (1975) 129 -136,

12) /MR=ER, EEFE (REFR~DL LA
IWRBfMHE. E24FE4M 256-270(1983)

13) S.Nagumo, S.Omata, and H. Sugano :
Arch. Toxicol. (1984) in press.

14) S.Omata and H. Sugano I Recent Adv-

" ances in Minamata Disease Studies, T.
Tsubaki and H. Takahashi, (Eds.), En-
vironment Agency of Japan, (1984) in
press,



10. BEHERMARTOAFLKBEEEORR

KPULBHDOEGIINTIHEBEMETDICSH
0, Rei, 2EMICHENT, ZDEMERLE
LCEEMBREZFER LA LVSLOERET -
Tk, ML, HARTEEMIE LT mouse
glioma (SR-CDF DBT) & mouse neurobla-
stoma (C — 1300, N —18 clone) %, #1{\ES &M
fre LTEBRBHERMEMMEREA VW,

R RIERMBORIICH T2 2 FAKFLE
# (CHsHgCl) nEE+BRF LALER, M
(0.5~1.0 X 10%cells,2mi£5#1) O DNA &K,
RNABREDED FEREEOMEIRE (2~5
X105 M) £ D{EWEE (5 X107 5M)D £ F 4K
SCHBRBEINHENDIZ L RE L, £
ThSDOHAEME R BIRSHNEEOBRE T TH
DMNEOHEED D M, EEHEEDKERETHD
:kﬁ%@ﬁ%tiD%BmK&D,x?wmﬁ
DMBAER L LTH/NEREBETE> TRk, 7
WUrME EN-MROEALEREROER, £
hosOMicEs T, HIERTLICHEELTY
HH, OMIBA AL T X FICEERFLHLRD
bRAENI L, RUMBOMBEAERLTXRS L
WO kS MBRAEORT, MBEALGHA~D
BONGERMICHAEENDIZ LS 2 FAKED
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Fig.1 Effect of mercurials on in vitro tubulin
polymerization
e : pCMB, a : pCMPS, e : NEM, O: CHJHqu
a: HgCl, g CZHSHgC1
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Fig.2 Effects of Cd?*, Cu?*, Cr**, or Zn?* on in vitro
tubulin polymerization. Reaction mixtures were prein-
cubated with Cd?* (m), Cu** (O), Cr** (A), or Zn?* (O)
for 10 min at 0°C, and the polymerization was monitored
by viscosity (Cd?*, Cu?*, and Zn?*) or turbidity (Cr**).
The relative values of the final increase of viscosity or
turbidity of the reaction mixtures are plotted against the
concentration of chemicals added.
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Fig.4 Restoration of polymerizability by addition
of 2-mercaptoethanol :

30

Samples were treated with 107°m HgCl, (m), 2.5%x10 °m

HgCl_ (A) or 5x1075M CH3HgCl(v) for 10 min“at 0°C and then
tran§fered to water bath of 35°C. 2-mercaptoethanol was
added to the recaction mixture at the points indicated by
arrows. The number at each arrow represents the final
concentration of 2-mercaptoethanol added as millimolar
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F ig .5 Specificity of tubulin antiserum immunofluorescence: Effect of Colcemid and antigen absorption.
(a-d) Fluorescence of control mouse glioma cells stained with antiserum to tubulin. Fluorescence was
observed on microtubule networks (a and d), stem body (b), and mitotic spindle (c). (e¢) Fluorescence of
mouse glioma cells treated with 0.1 ug/ml Colcemid for 60 min at 37°C prior to fixation and staining. (f)
Fluorescence of mouse glioma cells treated with the antiserum absorbed with tubulin prior to incubation.

(a-f) X1500.



Fig .6 Immunofluorescence photomicrographs showing the distribution of microtubules in mouse
glioma exposed to 5 X 107 M CH3;Hg"* (a and b) or 2 X 1073 M Cr** (c). Cells were incubated with 5 X
10~¢ M CH;Hg" for 30 min (a), and 1 hr (b) or with 2 X 107> M Cr** for 1 hr (c) at 37°C and fixed with
formaldehyde (3.7%) as described under Methods. (a—c) X1500.
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the presence of mercuric chloride or incubated
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Fig.8 Formation of multinucleated cells by mercury
injected into nuclear or cytoplasmic regions of
mouse glioma
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10mg/kg i.p. | : § :
o i T % .
rpi i . H :
e?z":'gihg io. ;12.44_-1.55 5.8+1.6 { 22.812.5: ~
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