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The Association between Blood Selenium
Level and the Gastric Diseases
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To reveal the association between blood selenium level and the gastric diseases, 180 persons received
the gastrofiberscopic examination at the outpatients department of the two university hoépitals from
July to September 1987, after the exclusion of the persons having the esophageal varix, were randomly
selected. Their general characteristics such as age, sex and educational level and so on, were inverstigated.
Five ml venous blood was collected from each subjects and stored at 0C in heparinized vaccum tube.

The blood selenium level was measured by the flameless atomic absorption spectrophotometry. In
the procedure of data analysis, five subjects having benign tumor and anomaly of the stomach, were
also excluded.

The mean blood selenium levels of the 155.5 ug/€ among gastritis cases, the 154.8 ug/€ gastric ulcer
and the 133.0 ug/¢ gastric malignancy were significantly lower(p € 0.05) than that of the 173.3 ug/¢ among
normal controls.

In men the mean blood selenium levels among gastritis, gastric ulcer and gastric malignancy cases
were significantly lower(p { 0.05) than that among normal controls. In females, the mean blood selenium
levels among gastritis and gastric maligancy cases were significantly lower(p { 0.05) than that among
normal controls(169.7 ug/£), hut that among gastric ulcer cases(177.7 ug/¢) was not significantly higher.

In the logistic analysis, coefficient of the blood selenium level was —0.0436(p € 0.05 ; odds ratio 0.957)
for gastritis, —0.0197(p=0.17 ; 0.981) for gastric ulcer, —0.4876(p { 0.05 ; 0.614) for gastric malignancy
and —0.0411(p € 0.05 ; 0.960) for gastric diseases including the gastritis, the gastric ulcer and the gastric
malignancy.

These data support the hypothesis that the gastric diseases are to be associated with the low selenium
level but, for the gastric ulcer, the further research is recommended.

- 172 —

~



.M B

LA 5 349 AP F-L 1817'A John Jacob Berzelius
(1970) ) o3 LA AL, 1842:d A5 22 FEA
=230l Itk Bzt YAtH Grandjean, 1980). A
Fol B3 B2 193039 v Great™ Y34 Rocky4t
A e] 7}E5Eo0Al HAS alkalio] A#lFe] kol
B2 AES AT 3o Yo dHAFA ARy
21 31(Rosenfeld 2} Beath, 1964), Moxan(1937) & o] A ]
ESFY & Auy % 9ol st 1943d Mo-
xan¥} Rhian(1943)-& E%= 100404 1,000ppme) 3}k
A o] 7t5oA AlEg, A3t a8 SFup]
o F4FES fdglen, of 25ppme] A#Fo] ¥
28 AHAT 715 HFEQ akalitgo] oj#sEe
Ag FE3A KlassenF(1986) 9] AMole HA¥%
EA 10ppme] AdlFo] A AL o] & HF = 0.
01md FALEE E7|ol A% APl Zlo] #AHAT L Jeh

Adgel EUS TP 2 AH A= AARE0
Ae A4¥F F5(selenosis)o] & A2  Uvk= Aol
Smith$(1936), Lemley2} Merryman(1940, 1941) 18]
3. Kilness®t Hockbergs (1977)¢l &) == 1 glo
1}, Grandjean(1980) & AdlEo] E53 &2 TES
doslA %1 238 My R 5T A wIE
AFF2 A8 Arle IAFINY FEO BE FR
A= Ak 35t 298] ol ¥ Disking
(1987) T $%ARS(1987) 9] BN BRol 53] AAY
AN FoA =Y 9o AHES HAFshe APA
Mz FAPE HEST A& Aelth ol & Agstr] 8
53 22 A A9% §4e dew de&sEE
0.2mg/mé 2 A8kl glow, =3 A5 ) F2 0.04mg/€
7HAE 383k UcH(1980).

Moxan¥ Rhian(1943) 28] 1 Schroeder$} Mitchener
(1972) & FEAYS TAE A Fol 715 9o
el k9o, u]= 2] National Cancer Institute(1980)
o] B1oE selenium sulfider} TP EA o3} A&
F7HNZH oY HREYS FdEAe 2 AoE UE
w3}

1957'3 Schwarz¢} Foltz(1957) 7} AlA} &9] Agke)
A#gol vitamin E7} 2GR FHoAM IAAE o7
o @¥ 3k o], Schwarz(1960)2} Shapiro(1972)+=

—

TEAES B3 Aded 848 Y532, Thomp-
son} Scott(1969)= wl&t7)9t Wolzlo] oA, Wha-
ngero} Weswig(1969)-& F ol 9lo] A& go] AFE AT
"o FdAde gt

At A= AalFo] BFn|FgFdsd A =Z Schroe-
ders(1970) % Young(1981) %ol 2l FF=dA A
ZaAd g dewe] g8 B Falel RopHrh
1967'3 Burks(1967) 2] Kwashiorkor 822 % 44
FEE7F 2T ARG wekvke 219 34 Bos-
trom¥ Wester(1967), Salonen$(1982)& Adu4%
o A, 3% ¢] Keshan® d74:(1979) ¢ Chens(1980) &
Keshan®jolA 1 2&£& Busigct ¥, SRS
(Wallach®} Germaise, 1979 s Hubbard %, 1980 ; Lloyd-
Still#} Ganther, 1980 ; Castillos, 1981 ; Steads, 1985)
o o8l FELHFZTAZTTY BAYE FEL Ex
oo JlEF ot & 5 o TS TE oA
a3 42 AE(Kosta’s, 1974 ; Grandjean, 1980 ;
Klaassen, 1986) ¢] 2% 21t} Burk(1976) ¥ phenyl-
keton=F, #FY, AL, AY, ¢73WZ, TQ 1813l ma-
ple syrup ¥l X Ay w57t @Fadvn 3
Ay

A g o F S BHd0 e 2o e
AFEo] o]FojxL 9o Schambergers(1974, 19
76) 7 Jansson(1941) ©] E4F <] Adw@iFol £
Age] FREAA ol & Abg-go] WYriay Bug
A& v &3} Jacob(1977) ¥ Shambergers (1978) &
Ames testol] A} Aggo) oz wehd &2 Edwol
dXo] AEE AFYL, B A (Harrol Wha-
nger, 1972 ; Thompson®} Recc, 1976 ; Griffin¥} Jacob,
1977 ; Schrauzer, 1978 ; Will®} Couri, 1979 ; Medina$}
Shepherd, 1980 ; Greeder®} Milner, 1980 ; Thompson
3} Becci, 1980)2] TEAAME wd EF) iz
A Fe AHEAE BAFH ) G958 ALIME
obdEY BT AdyF FEst URTe ARG
gohe 237} $orH(Shambergers, 1973 5 McConell
5, 1975 ; Broghamer, 1976 ; Willets, 1983 ; Saloneng,
1984, 1985 ; Kok, 1987), Z Azr} d#4e el
A& Z& At (Broghamer%, 1978 ; Robinson, 1979 ;
Calauttis, 1980).

Az delgo Aed G8e] &Hs] mHE UA
=9k, 197313 Rotrucks(1973)¢] A#)5-& lipid pero-
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xidesE 3}33}= glutathione peroxidase?] Ao]ztx
H3dk o]F, Stadtman(1980) ) oJsf nAEojME 2
7HA & 79 Ay BdRaLE EXVF UHEAL,
Awasthis (1975) 50l <3 Al AYATFIX Adw
o]&A) glutathione peroxidase] £2]¥ AgFo] 17t

ME B4rFY4Y-e BAFAH Chow, 1979).

A¥ 5 glutathione peroxidased] A& S3tAY
ole]e} uhyo g garstaE-g 7Hx|Eul(Burks, 1980),
Freeman¥} Crapo(1982)+ Al X ol A= superoxide di-
smutase, catalase “1Z]l glutathione peroxidase Z-&
Baol o3 Ao Asldeide] Bart o] Fo] Frkal
3L, Crosss(1984) $7gdolut 7| &AAe] HAA
BEHEe BB A itstEe] dde Fad
RAYE AAF R o] 2 Kol A F2 A7dA@] 4ol
s HIE ZoE FHY & slon weps 24F
A8 53] AT dolM deuwFe] FFE S
AEE v FuidE A= A A E AT7E AR
stk

. chy %

19863 7€ 1458 T 9¢Y 30 Atoldl] HHAA
ZAARE 27 A8l oA ol A4S 270 cishE ] oo
WA AEE S 7292 38 1759 S vide=
a9, A, FE5E 20 FA 9 S5 B3 ARE
ZApet, 159 ANE SmlE heparine] XE® AF
58 (Vaccutainer®) o] #)3]3}e] 0C2 g ) 44
2 23 olw) JUHAAHAME Aol FA gAY} v
Ags gHE AxAuFe] £7S B AREFH
ZtE AAME 1 v ARARe] gilHe #AES
Aol A A2} A T

5 dalesEe 542
photometer(IL. 551) &
mizer(IL. 665) Z ©]|-83}] Voth-Beach(1986) 7} ) A] gk
e oek 18 13 e A S AR o|FolFon
AzAL E 15} o] sk BAFHAAANA HAA=
7é‘§°“°ﬂ #HE AME AHe o § g s, A
FEET 3H ¥ S8t 1 JIFge 2 A3t
WAIR HAtrzdel et o

atomic absorption spectro-

E 23 flameless furnace ato-

o
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AE FUARY SHTCI SHTOR kD),
A%, Yo BRSY
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Z A3d B 85 A ETEE gAEY gk
S0 e #A7] glo] rHlastged olw o, 4
i Fdo] AdEEry Fag AU} oid
E}\_ X 3% (Robinson%, 1979 ; Willets, 1983) ¢
RolAct FoA HAAL Students’ t-testS o] L3}
32 AFe 435 poZ HAEY S
EHE?_ 233 A 4 FEE U dgvty a9

A3}7] 3+ logisticE A o] A= McGee(1986) &) LOG-
RESS program- ©]-&&t Alg, FFE LA} 18] 1 nLapy]
(odds ratio)& FA3tYch 7]l A1gd &
o7tA] Age L FAR A%, 4, A§5FFE S
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1.0m¢ Triton X Reagent
(1.0% Triton X—100, 0.25% Antifoam®
Emulsion B, 0.5% Ascorbic acid)

Heparinized Vortex vigorousl
Blood (0.5m¢) mixing =
Graphite furnace AAS 1.0m¢
1,000mg/L Pd
in 2% HCl

Insert

Furnace cuvette Vortex vigorously

by the boat holder mixing
D Insert
9(%«Graphit microboat =— 20uf Take up

on the hot plate

Fig. 1. Schematic diagram for the flameless graphite fur-
nece atomic absorption spectrophotometry analysis
of the selenium in the whole blood

Table 1. Analytical condition of the instruments

Parameters Selenium
Wave length(nm) 196.0
Lamp Current(mA) 12
Purge gas Argon
Integration time(sec) 5
Readout mode P/H
Temperature program
Dry 300C for 20 sec
Ash 1,200C for 30 sec

Atomize 2,700C for 5 sec
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Table 2. Distribution of subjects by general characteristics in the gastric diseases

General . Gastric Gastric
o Not detected Gastritis .
characteristics ulcer malignancy
€ 30 21( 284) 6( 12.2) 4( 14.8) —-( =)
— 40 29( 39.2) 16( 32.7) 1( 38) 4( 16.0)
Age(year) — 50 11( 14.9) 10( 204) 7( 259) 2( 80)
- 60 11( 14.9) 10( 20.4) 9( 33.3) 7( 28.0)
> 60 2( 27 7( 14.3) 6 (22.2) 12( 48.0)
Se Male 31( 41.9) 30( 61.2) 21( 77.8) 14( 56.0)
* Female 43( 58.1) 19( 3838) 6 (222) 11( 44.0)
< 6 20( 27.0) 27( 55.2) 13( 48.2) 21( 84.0)
Educational -9 18( 24.3) 8( 16.3) 4( 14.8) 1( 40)
level(year) - 12 23( 31.1) 8( 16.3) 7( 259) (=)
> 12 3( 176) 6( 12.2) 3(C 11.1) 3( 12.0)
. No 46( 62.2) 37( 75.5) 11( 40.7) 12( 48.0)
Drinking
Yes 28( 37.8) 12( 24.5) 16( 59.3) 13( 52.0)
. No 46( 62.2) 31( 63.3) 8( 296) 11( 44.0)
Smoking
Yes 28( 37.8) 18( 36.7) 19( 704) 14( 56.0)
Total 74(100.0) 49(100.0) 27(100.0) 25(100.0)
( ) : Percentage.

Table 3. Blood selenium level(M+ SD) of the gastric diseases by sex

Gastric disease Male Female Total
Not detected (31) 1785+ 422 ug/t (43) 169.7+25.7 ug/? (79) 173.3+ 33.6 ug/t
Gastritis (30) 154.3+17.0* - (19) 1574+ 7.3* (49) 1555+ 14.0*
Gastric ulcer (21) 148.3+ 84* (6) 177.7+58.1 (27) 154.8+ 29.3*
Gastric malignancy (14) 1344+ 75* (11) 1313+ 95* (25) 1330+ 84*

*: p<0.05 by t—test. ( ) : No. of subjects.

Table 4. Coefficient and odds ratio of the selenium level and other variables for the gastritis by McGee’s LOGRESS

program
Standard Odd 95% Confid

Variables Coefficient andan ,S o_ onhdence
error ratio interval

Age(year) 0.0264 0.02087 1.0268 0.9856~1.0696

Male=0

Sex(Female—1) —2.5064* 0.69903 0.0816 0.0207~0.3210

Education(year) —0.4192 0.21498 0.6575 0.4314~1.0021

Drinking(%’;ol) —1.5933* 0.69108 0.2032 0.0525~0.7876

Smoking(}°=%) —0.7512 064815 04718 0.1324~1.6806

Selenium(ug/2) —0.0436* 0.01620 0.9573 0.9274~0.9882

Constant 8:8318 3.08397 ~ -

*: p<0.05 by z-score
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Table 5. Coefficient and odds ratio of the selenium level and other variables for the gastric ulcer by McGee’s LOGRESS

program
. . Standard Odds 95% Confidence
Variables Coefficient . .
error ratio interval

Age(year) 0.0602* 0.02296 1.0620 1.0153~1.1109
Male=0 -

Sex(Remale=1) —1.3881 0.87639 0.2496 0.0448~1.3905

Education(year) —0.1809 0.23621 0.8346 0.5253~1.3259

Drinking(lgg;‘)l) —0.1285 0.69372 0.8794 0.2258~3.4252

Smoking Y020 0.0067 0.76177 1.0068 0.2262~4.4808

Selenium(ug/#) —0.0197 0.01438 0.9805 0.9533~1.0085
Constant 0.8182 2.85874 - —

*: p<0.05 by z-score.

Table 6. Coefficient and odds ratio of the selenium level and other variables for the gastric malignancy by McGee’s

LOGRESS program

. . Standard Odds 95% Confidence
Variables Coefficient . .
error ratio interval
Age(year) 0.2571 0.17912 1.2932 0.9103~1.8371
Male=0 e
SeX(FemaleZ 1) 0.3473 11.10112 14153 0.0000
Education(year) —2.3395 1.52337 0.0964 0.0049~1.9084
Drinking(§0:-") 3.8863 1140484 48.7286 0.0000~ -+
SmokingY0-%) —5.4663 401617 0.0042 0.0000~11.0831
Selenium (ug/£) —0.4876* 0.24681 0.6141 0.3786~0.9961
Constant 64.5663 34.74992 - -

* : p<0.05 by z-score.

Table 7. Coefficient and odds ratio of the selenium level and other variables for the gastritis diseases by McGee’s

LOGRESS program

. . Standard Odds 95% Confidence
Variables Coefficient . .
error ratio interval

Age(year) 0.0456* 0.01706 1.0467 1.0123~1.0822

Male=0 _ ~
SeX(Femal e= 1) 1.9839* 0.59936 0.1375 0.0425~0.4452
Education(year) —0.3049 0.17696 0.7372 0.5211~1.0428
Drinking (%)S::Ol) —0.8468 0.55303 0.4288 0.1450~1.2676
Smoking(¥é)s::01) —0.6484 0.58583 0.5229 0.1659~ 1.6485
Selenium (ug/¢) —0.0411* 0.01185 0.9598 0.9377~0.9823
Constant 7.3291 2.33052 - -

* p<0.05 by z-score.
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datE 24T 749, A9 4940, AAF 274, AL
254 9, AukA EAdol glo] Z AfEe] A BEE
B 20]4 BE ulet 2tk

P ¥F AdE F55 2470] 1733+ 336 ug/t,
$14o] 1555+ 140ug/l, A7Fo] 1548+ 293 ug/b, 1
213 9ol 1330+ 84ug/l o2 B YEIteH,
SATY A, A9F 2L AL Atelodle BT FA
Hoz fFoF A HAHp005). YEze A+
B2yl B ME S To] 1785 ug/l, 14 1543 ug/l,
AAY 1483 g/l 223 9} 1344 pg/e2 $i8} 2ol
LA JRAABNAE FAHCE F93 IFE UE
WA (p< 0.05), ddelAe HAARe] 177.7 ug/lZ &
339 169.7 ug/? BT} ERAW SARSE ¥ A=
o, ST 921574 pg/l) 18] 99H(131.3
pg/l) Aol AR LR {3 A& Ve Atk(p 0.
05) (& 3).

Logistic®Aloll 1o dztel Ao digt dF Al
FEETE AF —004360.2 SAX 2 Fostgor(p
{0.05) o]u odds ratiot: 0.9573¢|ch HY, B&4ZF
agn 55 A9 el FoAg w2 vdebgeH(p
{005) 0159 AlF= ztzt —25064, —04192 12}
—1.59330] U THFE 4).

AA gt #AOl QolM= dF o] A 0.06022
EARoz §o8tHa(p<0.05), BF AdFEEe A
% —0.0197(p=0.17), odds ratio 0.98052 Ye}trH(FE
5).

Aol @A) daiA BE FE A EFET o)
A4 —048760.2 EARoZ Foatdon(p0.05),
olwle] odds ratio= 0.61410]Q13, the WoAe Al
2] FAA feldo] Bolx| YSIitHE 6).

A4, A 2 g XEd YFAfoR
8tz old] Hg BAES B A%, Ad agln 8@F 4
HNEs=rt 42, A4 0.0456, —1.9839 123 —0.0411
2 BAFo g o3 Aoz Jeeni(p{0.05), ol
2}+z+9) odds ratiox= 1.0467, 0.1375 —L2] 1 0.9598°] 1tk
B fgdMe A 5AH f940] JUAHE 7.

=t
=

.

ki

oo} Aol B FujRdas iz F3uw

de dHES 54T F849 G4 TS
Kol glom I gAE o= ¢ s YA
23 Aotk

A Fe 544 g F4F5L A EAFES 3
Fihe AT A F2 Aok JJ o (MotleyF, 19
37 ; Pringle, 1942 ; Clinton, 1947), A2 <13+ Apge]
Bax 9lek(Schellmann®, 1986). YHF5 L A F9]
EgF #Fo] & A9 AlFECIA human seleno-
sis7} Yo}l B.31(Smiths, 1936 ; Lemleye} Me-
rryman, 1941 ; Killness®} Hockberg, 1977)$} 3=¢9]
Hubei(#Ht) 32 Enshi(Bi) 8ol AFde= FUELS
1Y HT 4.99mge] Ay sk o EdliA =i
&5 @2 wrt Bdvhs Yang5(1983) o A} 1¢
3 AdeEs AFse A9F 22AA 9 Diskins
(1987) 9] B.319} 1 Fd AFate] thg $AR5(1987) 9
ZAMNA B 4 Qleh 28 EYGE dHedEol 22
A4l "5 South Dakoda¥e] 7sttn AFHE
FRE9] ¥ Ay =& A Howe(1979) 0 o
3t 1 F=7) 011914 0.60 ug/me AL, Jaffets(1979)
& ¥F AYFEE 0813 ug/m7A % selenosis7} w3
2 gt Por], Allaway5(1968) 2] ZALIA =
% AFEEe 10~34ug/l00mo] et A EF
Eo 25z goth AGEFSe gt gidMs &
EAZ H4 &S Ao g Hold, gk A Fo] =
57 {% A¥FY 53 22 AJAIAN Fastezt
A=At} o] Grandjean(1980) 8] FaAA7 AwFol
F47F 939 By ohg TFV|Y JRER o]Fo]
2 d7] QEoln, old) vFoiNe e dalg
HEEEE 0.2my/m 2 A3 FAL Ae dAFoloh

AbEe 848 Schwarzet Foltz(1957) 0 2j3) &
HAWEA Az AE PpuFdLsz ARFHY fx
(Schroeders, 1970 ; Young, 1981), A 55 =7} ¥
o] Awzte) FAg disiA BH Burk5(1967)2
kwashiorkor, Q32152 (Bostrom®} Wester, 1967 ;
Keshan, 1979 ; Chens, 1980 ; Salonen, 1982) A&
AR 18y = g % FAE(Schambergers,
1973 ; McConells, 1975 ; Schamberger, 1976 ; Bro-
ghamer%, 1976 : Jansson, 1981 ; Willets, 1983 ; Salo-
nen’s, 1984 ; Kok'g, 1987)-& e}dEokellA] 1 B A o)
gtk BaEel 9tk Spallholz(1987)+= A EFo| W

q7)%-& 273271tk 81, Grandjean(1980), Kostas
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(1974) 7 Klaassen$(1986) 7l=& 2 1gi &7
2e FEEF5 Uiste Polart vk o 2
Hu A Fe olHg B Wi dEL oA 7
H|g AAoln] o g A&l AT} glojor & Hojth
ol A AHEFET Agel o sxo HHEA
o= 79 Aol =AAY

E 2AA dEge] 8F v5E S e ¥
Aelgsmrt ol miw gy d#4 S ARGt
Howe(1979)¢] B9} HFPTForje] A gFo] Aol
va] ey} Hrke Burk(1976)9] #3 wEo|gen,
Fdo] HY 7Y AFsrde 9 vAY A9
Aelreszds 98] ks Goodwins(1983)¢] R
17k glont 1 o] o= AxR1A] & 7} Gl logis-
ticEdoz2 FAY JFe A & F A& Aoz
243t 7] W&ok

AgFFARAZGNN A=AHAFE g AYrzl
Z1& Hirooka®} Galambos(1966) 2] A#dlEtiAZE AU
AR o] FA = a4t WY Holgks 3 1A
oM AelEsxrst 34 o2 Boh Zdohs Sham-
berger5(1973) 9] Kol ZAE T FEAES wlA|
371 ek

£ At 8F ddvsET 28T Q733ug/é)l
H)8] 914(1555 ug/l), YAF(154.8 ug/l) 21 91
(1330 ug/0) 257} BAACE foldiA IYth(p 0.
05). o]& Y A gset G AU S Hole
Aoz gord) o] AFEEA] YA Al Fo 3
W g w350 AE 38 v glo, Axe] 4tay
£=4}o] superoxide dimutase, catalase 718} 3L glutathione
peroxidase 22 @49 98] Wold 4 Qlvl= Free-
man¥} Crapo(1982) 2] 7)) w2 Crosss(1984) 2}
FAA R A Fo| glutathione peroxidaseZ E% 413}
Zgoz AL AR ey &4E FolFEs
"A7F A& Aoz AZEY wEA Aol 93d
L osted FE4Q 988 sleje 2otk

g3 dYeses GUEE H9hs o, 938y 3+
AAG) 1777 pg/l2 SATED E}oV FAY2
FA3tA ¥ S ARt 71 AUV WEog B
ojy, o B UAAE A BE 9% o] &
FZR E3d AT G 914, A% 28 9
BE7} SATRG Eoivhe sHdd) ¥Fo] & o, A4
Hop v vehg Zee AZdEn. 1y EdFE

o

ZA % logisticiE Aol Al 1A ol i3 83 Al grEe]
AF7F —001972 BAALR |3k ¥4 il
AASEH A AAEsrde] A0 B goz
o] ZAP} o] Fojol & Fog Hth

o) AP A AdgwrEetel FA i
A3 ZAtME FAlA BAH R 9§ Ao)rt
AL FAME gl AR JE gl on(Willets,
1983 ; Salonen-%, 1985 ; Kok, 1987), McConells
(1980) & el 4GS 712 A EIA 83 A
desert dzTerd $A40s sl wtd
Ho2 Histi o) B ZAME gdd g4
W 85 AelFeert gAdA 217 1344 pg/eh 178.
S5ug/e, AANA 1313 ug/e3} 169.7 ug/LE g 2F
oA BAH R Fo& AF e A (p € 0.05). Wil-
lett5-(1983), Salonen$-(1984, 1985) ~128)31 Kok$(19
87)9) 2AME Y oMdFogo] BREA R AxHoz
oz BaE, o)E otdFdY FHo we
2 v 2odE BAFOR gy de R Q=
o] Aotk gaxTdAe gty delwsze ¥s
T A (Willets, 1983), 9%, A¥ 183 F4dol
A FEEe $83F 2AIA} obheh=(Willets, 19
83, Kok, 1987) B.119} 123 Broghamer5(1978) 2}
A7 FAAEA FFAtolole AHFFEo fost
A7t AR ZALE £ o o4 $99 ddlgemety
BHEAE d7sted Joxe HHFES FHE B
& WHo 2 BHIe ZAlshe Aol uigE & ez
AAEn ve Ayt g HHERY Ade
9y Z5oAl FEHoZ EAY 3oz Hojup 44
Z4 ae} Aolrt A& AR BA2A e @A
WA ¢ glong oo BT ALAQ FAbE
=lojof & Aot

duiQlel 85 AHF v I7H) wet vldkAY
22 97k 23 (Bown¥ Cawse, 1963 ; Brune, 1966 ;
Dickson¥} Tomlinson, 1967 ; Allaways, 1968) & =7}
Wl M E Qg mig} 2ol & Heoln 9o} (Allaway s,
1968 ; Howe, 1979), $-2luetolls o}dx ol #3
Zrg7t gle Aol kA oo g AP} AAlH
ofet & oz Her ‘

ol % Q1zhe] AWy A Fe] A disiMe o
B AT A7 Aojol & Holn dalwrEe A
HolEe A B#AYL Qlen=z 1980 ©|= National
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Research Council(1980)°0] A% 19 501X 200 ug2)
A7} o|RARNEE AA Wie Hol IR A%E
98 wigkzsit} sack

V. e ok

g% Ay vx9 JPAEHY BAYE W7
213, 1986'd 7214 94 Atolol] tiFAN 278 thshE &
e WIEse JUAIZBRAE BE AFE FAA
AAE, ARAR, Axsgug 2 olXFAES A
9% 1758 L Yo s Iubd BA4E xAlSk, A9E
5méE x| # 3} flameless atomic absorption spectropho-
tometryS o] &3l F AYFr=E ST

B 5 A FsEc A9155.5+14.0ug/l), A7
oF(154.8+ 29.3 ug/€) L)X $19H(133.0+ 8.4 ug/L) o &
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