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A Comparative Study of Blood Lead Measurement by Polarized
Zeman Effect Correction AAS and D; Correction AAS Method

Seok Ki Lee*, Kyu Dong Ahn, Byung Kook Lee

Department of Chemistry, Soonchunhyang University* Institute of Industrial Medicine,
Soonchunhyang University

Blood lead assay by D2 lamp background correction method of atomic absorption spectrophotome-
ter(AAS) with wavelength of 283.3 nm is most popular in occupational health practice in Korea. On
the other hand, D, lamp background correction method with wavelength of 217.0 nm is also often
used in general chemical analysis for lead assay in general purpose. But both methods have some
weakness of background correction which brought direct effect on the results of analysis. Recently
blood lead assay with polarized Zeeman effect of AAS was introduced and is now preferred in many
laboratory than D> correction method in blood lead analysis. But still AAS with D; lamp are widely
used in the field of occupational health in Korea. This study compared biood lead assay data with D,
correction methods(283.3 and 217.0 nm) and with that of polarized Zeeman effect correction method
to evaluate the validity of D2 correction methods. The results obtained were as follows;

1. Taking the value of polarized Zeeman effect method as reference value of 1.00, the mean rela-
tive value of D; correction method with wavelength of 217.0 nm was 0.92 and that with wavelength
of 283.3 nm was 0.90 respectively in the analysis of blood lead whose value were below 20.0 ug/d!
(p<0.001). Both mean values were statistically smaller than polarized Zeeman effect correction
method. But in the analysis of blood whose value were between 20.0 to 40.0 wg/dl, the mean relative
value of D; correction method was 0.96 in both wavelength and did not differ from polarized Zeeman
effect method(p<0.001). There was no difference of blood lead between D3 correction method and
polarized Zeeman effect method in the analysis of blood lead whose value were over 40.0 ug/d!.

2. The variations of background correction value in polarized Zeeman effect method were not
changed by increase of blood lead, but those in D correction methods were increased by the increase
of blood lead.



While then relative standard deviation(RSD) of data measured by Zeeman effect method were
decreased by the increase of blood lead, those by Dy methods were not differed by the increase of

blood lead.
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Ae Qo] 71 28 ARE ARHYA F&F9
2 fxbiE 82w, A 207.21, H1F 11,34
o] AN Ee 23M9] A F&o|(MERCK,
1983). B.C. 37087 3| xazsxe & 2
AAAFEAAA AF BERAES 3 ¢¥E Ve
3L, 719H 24716 Jzitle a39, #y), o
4%, & g 71ed vt Ach(Zenz, 1988). &
B cl2gMe dnt 8439 49 FxUt 34
3 F7kta ol AAAHQ] A ARYWo] oz}
AAAEE FHME Aol o A7 292
7Fs430l slol BE& AlgEo] feidtes 8 8919
HA%d (Hammond, 1979). mwetd A 2% o
T AdeRwe 3 22Ae d4#EY A =9
Hol d $5& dweEldie =¥ 3 stoy 84
24 WA aAdeA 8 JeEte 2AFal gl
dHAe] H7HE F3a e AFold

Y45 A9 ZHEL d Z29 N} F& ¥R
A 4 FEo| ise Bale] A AA¥Y
£ B4 HoRRE A 9% Ao dEiEHe
ARE it dAhe 38§ HARE Fo &
YR §2 27BN F A9 Bt ok
Y ez &30 Kt(348F,1990; =%
§,1992). 18iy ¥ Fo EAsle FHULES
AFsl7] slde WA /7189 AAN &
o] HRen, A71EE AAS] A% A A B
Helle TCAY, 3A4Y, 233 Fo] 3 ¢=iA
Ut

TCAR¥9IME Trichloroacetic acid 843} ¥
€ FY &g ERsta LGN stesle] Oy
A& ARAY 9F 2 AFYEE FHEdoz 3}
3, JMAPAME FFHF FE 0. IN-HClgdez
g ol T 5 Al HAA AR 28y o)
e AL uiel feite] JE-EA At
axn, AU EAse 4% F7) FEoleEL F
watoz FHA) AHE Fert s, Moz 9

3] ol PAEL € Bolxd BEAHE o¥A
gl ol G meisld YYAlgo] AA-F
B Ee A4-ages 58 Vel 1 B8
7le &4 2zPde] Wo] ol&4Hm e Ant
AN HPe] At 2871 YR 1, shete A
o 2REe 990 feiEy E£F AEFFYE
A 3 gdo] FRxo] d¥E F3, & F&Ho)
LEE A9 FEHBE ol BAE A4 ul
% BPQYE IA o] FHae] filo] B
= Ut} (Olson¥ Hamlin, 1968).

ol ¥ o2& wWliEe] A Al ABe Paole
AE olgdte 8FEYo) olfHm Ut AL
&30 A8A E3] AHEsE A 2E APDC,
DDTC % dithizone %°l ed 25 APDCr}
7HE dE AlREHR FEEx ol S
APDCE Ah83t= 7% HNO; HCIOs HSO4
T3 2 Moz ANgEg &F43sid o
Methyl Isobutyl ketone(MIBK), %+ chloro-
form ¥o.2 F&3td ¥ F&do BAHIY
(Christian® Feldman, 1970).

LREF U 2 d9o EHoe EAnAge
217.0 nm%} 283.3 nmE& F2 AH3je=d 217.0
nm¥ Sb, Fe, Cu 59 B F34& 7Ixv,
283.3 nmo] ¥XHE& MYste A 94 B ¥
A 39 AE 2 22 "R BAst e
Aoz <#AH UH(Tsalev®t Zaprianov, 1984;
Bouman, 1984).

Fernandez(1975)7} RE & AQEPAQ
Triton X-100(TX-100)22 3AMsid EZA=
(GFAAS) & ol &3l ¥4% ¥ 28 diRE 9
S AHES EAsht Aol BdA fioln 9
ol s gol dFLE o4 &Y § o7 o
Foll Algo] #RE R714AES AAS BgA sy
ol A¥o] A3l HA GAANE HEIHA W
& wgdo] YepdA €. 2@ Subramanian

(1989) & 9] HErg HazeiHA g =8 =

o ) HEE B&HoE AANL & e WYE
g2 AP H7t 1ME FAIULH, Prusz-
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kowska (1983) 52 (NHg2HPOs, Mg(NO3):5&
AL g AAAE $ don Rasigich
QiR e FEIE ditEol gRYolyd d3E
9] FuEy] 4 Bz uPgo sy EMYE
¥ FE BATL] HEE d9xes A F7)
B Bl AMEHE WA F9 shio|d),

Manning®} Slavin (1978) € WEYA HYAE
AHEEEE o S8 e dae] v E A Y
et e AN gz e A a5
=g 339 Ade Ad=A] getn Bad
Act. Selanders Cramer(1970)2 €5 M &
dithizone2.2 3} 7171#4 ¢ #19Q oj=F= o
E Aol i olF K¥VE ¥MAESE HA
10%2 exe sl€ 4 dda ok wetd & 4
T YFA0IY FI=E ¥4 utg RAJe] 5
stk H% Zeeman HHE BA H4e] 771§ of
£3le] PAF Ao & M A 29 U
ol F2 AHgshe Dp vl 24 Waje] 7]7)d
A BHE #3g vz, %3, 217.0 nm$}
283.3 nme ¥HAM 4% EHPAR v @
P43 4 Ao o4 o] o $5¢EHE 89
&3, gl OF FEske Y43, T8, old)E
o] 9 EAoA uigtRAgn WA ojE YL
FENE B3, £ ol FE AT Y
Z A3 ojw yHAol derHE HAs AR A
=39,

AT U W X

1. Algel =3

A FH& A9 EZ23¢ AR AL 4
E27 gl 959 5571 20.0 we/dl o|8te} #
2} 459, 20.1-40.0 w/dl Ao AF=A 384,
40.1-60.0 w/d BAxS AF=22 459 12n
60.1 wg/dl ©]39 AE2A 3THoE F 1656 U
oz sigden, AlZA#E heparin vaccutain-
eroll A3 ste] BHAAX 4o B3 L@t

2. EMUy

Ao g8% RE XAE UE FEHe=
By ogg wREr] S18M 20% ¥ Al 24
A FEE F olFE o W A4S AL 4

3] Axste AHEEIRT

1) €59, 78 : ANE AR 0.5 mid 1%
triton X-10022 8¥] 243l BH Zeeman u}
¥ 24 (Hitachi, model Zeeman 8100)%3}
Deuterium 494 27 (Shimadzu model 6500,
Dz lamp)H o2 ¥EAE #43}dxn, FYE
Deuterium Y¥l%g 2% (Shimadzu, model 6500,
D; lamp)¥oz B8 ¥rhgoz 33 W &%
3l gadgien BMzye o8 ¥ 1-1, 1-29
2t} Fernandez(1975).

2 B3 3 9 old : ABE s 2L Wye
2 1006} 3M3td Stevens®H (19772l Wl 2
& Deuterium ©l% 23 (Shimadzu, model
6500, Dz lamp)Y-& ol&3le] XFE Yoz
ohe (E 2) 3 28 ZPolA EA43i9T)

3 BAXz

2HE dd= SAS Version 6.048 ©]-83}o
Zeeman ¥l B3 Wyle] €EA =9 Dy uig
BAe 217 0nm2t 238 3nmE ol831= b4

Table 1-1. The condition of analytical instrument by analytes

Pb(Zeeman) Pb(D;Lamp) Cu(D: Lamp)

Lamp current(mA) 7.5 14.0 10.0 6.0
Wavelength(nm)  283.3 217.0 2833 3248
Slit{nm) 1.3 0.2 05 0.5
Sample Volume( g) 10.0 10.0 10.0 5.0

Table 1-2. The tempterature program by analytes

metal Pb(Zeeman)
—————— Pb(Dz) Cu(D2)

step start end
1. Dry(C) 80 120 120 120
Ramptime(s) 30 20 20
2. ASHI(C) 550 550 250 250
Ramptime(s) 30 10 20
3. ASH2(C) 500 500
Steptime(s) 17 10
4, ASH3(C) 500 500
Steptime(s) 3 3
5. Atomize(C) 2000 2000 1800 2300
Steptime(s) 10 3 2
6. Cleam(C) 2400 2400 2000 2400
Steptime(s) 3 2 2




d3d 23ATe] Aold] & & a0 W@
Aed mely) fid, 5 OoNds) AR FHEsE
33 4o YFEES €34 WBEANE |
A2 o] OF 71 ENEE B

4 o

HAAHES YR iR Y & ¥ Zeeman ut
g Byozg o BAY A& 7IELR o EF
dg ¥ 1-1, 1-29) x7dee ¥M9E o] Dy vt
2 3R A4 217.0, 283.3 nmollA #4€ 2
o] Bk F 39 @}

Zeeman¥ 9 wREA HiE& AHdte 71719
A3-§ Hod 1.0022 8tm, Dy ¥ B B9
217.0 nm% 283.3 nmolAMe AAE HM¥|n
(paired t-test)& #U& = ¥FA ¥=7F 20.0
ug/dl ©]8l Aol 0.929F 0.902.2 Zeeman¥
Hr} ¥e gow RysHylen FAFHE {9
ATHPC0.001). v A S=7t wobgel o
A Do B4 dd] o) A3 xpo|rt Holz e
FAXCRE fe4de] Uk

Table 2. Iron and zinc analytical conditions

Fe Zn
Lamp current 10.0 mA 8.0 mA
Wave length 248.3 nm 213.9 nm
Slit 0.2 nm 0.5 nm
Burner Height 6.0 mm 7.0 mm
Fuel gas flow Rate 2.2l/mim 2.0Vmim
Gas CaHy+Ailr C2Ha+Air

B 4 BAWYC e $3xe Ui v 23
28} BAY o] WolA4E viad e ¥
4 $=o} B2ty Zeeman EAYHA D B3
9] uig BAge] A WEEA e ¥ Zeeman
BAYYA vt BAZe] Dy BuYe) b B
Agrct fom 217.0 nmolA47} 283.3 nm Bt
ulg B3] & A¥ ¢ F U

B 5¢ ¥29 5k T wWE Y3l T&e
4] AF5E Y e YT A FS
¥3d F7le] wel gadte A€ & 5 Ao
FAHeR fodgd. 79 Afe 5del F
7Ve) W& 97.0+20.9, 114.9+22.2, 120.9+
24.7, 128.0121.0 w/diZ FAHCEZ RejsiA
71T (P<0. 001). ¥F oldx 984.4+103.3,
1107.4+161.6, 1206.8+208.4, 1259.1+193.7 we
/d2 BAR R {ol3A F7FATHP0.001).

B 62 WFA 20.0 we/dl ©13te] Aol R ¥
Ay Y43 A, el 2 ol el wtE ug
BAxe F#dE Yebd ALE Zeemzn EEW
Wl g e gI4e] YFeede g8 E
vehlin] FA4Q |felAde] deRe T oA
olgith, Dp EAMHo 2= 217.0 nmet 283.8
nmeld FAHY #A49E& Jdehd &2 T4
oldolflen, WFFksl FATRE vz e
U BAAQY fe4d€ MR e Y €54
20.1-40.0 we/dil FAA Y ElEE @Bt vhgh
BAX7e] 4u4-E& JEPd RA2E Zeeman BER
waofA AL A4TE JeEMALH, ol Y
& Jeigle BARCET f94do] iU 2
2\ 217.0 nmellN € wHRRAPA ¢} Bad gut

Table 3. Mean values of each analytical methods by PbB levels

polarized 217.0 283.3

PbB(ug/dl) N Zeeman correct Do correct D, correct

<20.0 45 13.3 + 43 124 + 44 121 + 4.2
(1.00) (0.92)* (0.90)*

20.1-40.0 38 295 + 6.7 28.1 + 6.6 283 + 6.8
(1.00) (0.95)* (0.96)*

40.1-60.0 45 501 = 5.3 496 + 5.5 50.7 + 6.0
(1.00) 0.97 (0.98)*

60.1< 37 712+ 80 710+ 79 69.9 + 7.6
(1.00) (0.99) (0.97)*

*:P<0.001



ol Ad@o] gigieni 238.3 nmolre] VL Zee-
man BN HYH (4@, oA FAEE
Jepigien BAdcE2x {o3idth(p0.001).
¥34A 40.1-60.0 ug/di) FEY HALE Zeeman
B e AA] Mo ¥ weld d4EE e
e, olde FAWE el D BEe
2E 217.0 nmolA 9] Ba3&e $gale #d
Aol HAgjen}, 283 3 nmollA Zeeman BB
Ay AL A48, oldolde AFRE el
o FAFeczx feodyc. ¥€3d v=71 60.1
ug/di °13Q AGe Aoz FeMete €
Zeeman HAYNAT Dy 2AAelA uigny
she Aol g Re2 JEt). Zeeman¥ol
g gy Wye Y3 FEE V1ESE WA
& A% Dy wEAAAA G 217.0 nms}
238.3 nm¥ o] 4% WFA WA Alold o

¥& Fe 2dd e As-E el A, 73y
o] Mg FHASE (D ZF BAYHANM Y wpgR
A% BE4e §F w54 F4E 3 O3
Ar1ENE ¢ Ade B 73 B E 7o Jehd
uis} o] Zeemano] ¥ 4 Ae] o ¥
AYzte 9594 = I¥E Fe ade
217.0 nmelM & T ¥olN3, 283.3 nmellA
€ HEAYA] o] J%E FE o= Jehgen
FAHe2x fodi.

o &

AL datold 7PE LAFL AH8SH L HEE
£9] izA 2047 AFEIAAG AFA 9
o ¢d3 o] AH-Fol FAS FUIEEA A&
Aoz W18 o9& KLY Ad &£ A4

Tables 4. Mean background and RSD of analyticalmethods by PbB levels

Method BKG RSD
PbB level Mean + SD Mean + SD
<20.0 Zeeman 0.37 + 0.06 282 + 1.84
D2 217.0 025 + 0.02 266 + 1.22
D, 283.3 0.15 £ 0.02 232+ 1.30
20.1-40.0 Zeeman 0.35 + 0.07 1.72 £ 1.24
D, 217.0 0.23 + 0.04 269 + 1.24
D, 283.3 0.15 + 0.03 133+ 095
40.1-60.0 Zeeman 037 + 0.07 133+ 1.01
D;217.0 0.25 + 0.05 197 = 1.17
D; 283.3 0.15 + 0.03 1.86 + 1.17
60.1< Zeeman 042 + 0.10 1.16 £ 0.60
D;217.0 0.26 + 0.07 193 + 1.11
D; 283.3 0.18 =+ 0.06 138 + 0.84
Table 5. Means of Fe, Cu and Zn in blood by PbB levels
PbB (ug/dl) N Fe (ug/ml) Cu (ug/dl) Zn (ug/dl)
<20.0 45 787.4 + 86.0 97.0 + 209 9844 + 103.3
20.1-40.0 38 715.2 + 80.7 1149 + 222 11074 + 161.6
40.1-60.0 45 697.3 + 87.6 1209 + 247 1206.8 + 208.4
60.1< 37 697.0 + 69.9 128.0 + 21.0 1259.1 + 193.7
F Value 12.0* 14.7% 21.2%
* . P<0.001



U Qe H2E FHEIRA <43 "@ARA
= diZe] #4e] gl IFHE SAEEY 3hio)
o} (Legge, 1981).

$2le] FHARAcSRE Al 22 AAd 3
dske de& YNHFAE FX9 dAtoln, &
3, APFHo2 Qo FaHe 2EAENAE U
FUE EAolch. mdEky Y439 A aPe A
o] F5o| od=He VALY ey AYPWF 2
FHARAo2RE 290 dsHe AEEA dE
7V F8% FAFEEC] SHo] B ARrd A8
g9 A7& 3o gL o WA FE4
o] /A=A fH (oW, 1989, 1990, 1991).
a3y olAx YFHY $4& A Yao] e
Edoz A 49 oj#ge] man ug e
Xz 8§ 73 Uth(Herberg, 1980;Fisch-
bein, 1983).

g 2 2¥F AL 2] YIde MRS
AHE o NA, AHste 87171 Aol 2450

2] Lojo} 3, GLE YA s, A $uig B
BAME HAE Foj7t Basich olFe B4 T
¢ nke £8E FAN7IUT AAE Fe7 a7E
ot ol% Ay @ @et(Center for Disease Con-
trol) 7t 412 PAEH MNEdE A A
Hlo] m2d €FA FAMel o AN G T
1/3 AEqte] APl Mudlgon, : &= 7
7189 d9de 2/3 A=t AYsive AHE
HE Y cH(NIOSH, XII-7, 1984). ¥ =4%
(1991) &} = 257 71@ell4 1978d%H 19894
7R Qe B YF = T2 WE YR
wE 25¥e A& viuEy ZAdd —gad, 34
el FF €F FI=F® 0t A 0.128 w/dicl
A 6.1 wg/d7AX X8R Qo] A7) wat &
Aold Holxm & & F Uk = FAA (1990)
< A& UM 4 5709 AIBE 50 @M B
Mg do JEEEA7E AxElME 100.3%,
60 we/dIE 2= NEE ARAN 18, 1%2H

Table 6. Correlation matrix of Fe, Cu, Zn concentration and background by PbB levels

PbB level N Method Fe Cu Zn
<20.0 45 Zeeman -0.33 0.146* -0.166*
D2217.0 -0.15 00.181 -0.129
D;283.3 -0.259 0.095 -0.10t1
20.1-40.0 38 Zeeman -0.408** -0.053 0.229*
D, 217.0 -0.314 0.081 0.129
D; 283.3 -0.4]11%* -0.048 0.226*
40.1-60.0 45 Zeeman -0.265 -0.082 0.435
D2217.0 -0.097 0.036 0.223
D, 283.3 -0.208 -0.152 0.303
60.1 < 37 Zeeman 0.214 0.009 0.013
D; 217.0 0.225 0.067 -0.064
D, 283.3 0.255 0.003 -0.101
* P<0.005 **:P<0.001

Table 7. Multiple regression analysis of PbB difference on selected parameters(background, Fe, Cu, Zn) by Zeeman

and D; methods g
Variable Partial Model
Step Entered REx) R**2 C(p) F Pvalue
217.0nm 1 Cu 0.1498 0.1498 5.2515 16.5580 0.0001
2 Fe 0.0436 0.1933 2.2678 5.0233 0.0274
283.3nm 1 BG 0.0850 0.0850 1.0762 8.7268 0.0040




7187l AEEoA 4. 197A 2] A2 Alolg B
otk Haatch,

25 9453 (GFAAS) & o183l Ay
TX-1002.2 343l ¥k W& Wol o] &3}
v, o] e F3xe] 99L& = AEF 714
¥ol AARYPE A AR AP AR @A HEe
fEY2e] ER2 v} F3571 Jedd, o]
vfAs FREe o BRAFAR 2y3oor §
o (Chrkrabarti, 1978). ol BEAWdx o8
UL Eo7] A ANLTE FAF AV1PEE
SAEA AAEG F d2d A9 FHol Rol Aol
FAdstA HER o] dA] 4 exto] fe] €t
(21471, 1994;Tsaleve} Zaprianov, 1984) ©] m
ol Aol Mg 7] H3t diye s oEYs
WYAE AL Fo(F-FA % FR7], 1992).
olgj g FAHE AAsB 1 PatrickF(1991) & &
Aol A Fr=go| EAd MEYL AP F
=93, H32E, JtaRF, TX-100, 49 B%
& A ARG nREA S A SAsA
EHeon, old #HAL L'vov platformo] $1& 9
o A8A Yebdt}(Subramanian, 1983).

Tsalev(1984) & & ¥4¢ of E4upgo)] dis}
o that go] d9dta U} 217.0 nmel 3L
283.3 nmel H|gld 2,58 Fxst Foo Ho F
2 S/N¥IE zton n73w=gl vhd 283.3 nme 3
Aol WAzt Wi BAEFTERA Ao 217.0
nmBtt $<Et}, Zeeman ¥I® 2A A ME
o] Mo A§E et} 1 olfE AR &l
Ae dol Ao HPog WURE FEo) T
Zeeman HI7 Jelbdch, ol#F €4S BY
Zeeman©]g} & old AFE 2833 nmolAwt
Ed7} gtk Do wig 2w olM nlge AE ¥
Mate A BEE diegle] givkd 217.0 nm
9] ENAE ALgEeE AT F9E A 2o A9Y
5(1989) 2 w3 A8 A= o dxXFIY
(217.0 nm) 2.2 FFY of 99L& F= dde A,
T2, ofdojzlzm 3|t & AFANAE 20.0 ws/
d o8] Axxe ¥FA £4)A Zeeman
effect ¥R A WA Feje| FFo] JRE 72N
A} olde dARE 7IAN, D B oMz
Zeeman ‘43 & AYgE Jehgon), Y39
Z7te| wEtA olde o3 FRAE vehen

B3Ae] geviMEe Aol 9%€ FUL €FA A
A7} Bl EPAE wolAle detn AZdEd. o
T g9 ATAEE $HAIEST W0 oid A4
of A3 W8 HE A4 WG Aoz &
oA A EMo] di@ Pades gfM
A% A, 78, ofd F #cHolside RPY /7
#o] gle dHolnz +93d 1§ ¢ ¢+ 1
o 22 AEF A B4 Slo] BE g4E0l W
gagiclZle s ¥5d & $4¥ 9 Zeeman B
At D v 2P0l 4] & 998
FAe Ede A= P4¥9, ol PatrickF,
(1991) o] AT¥ Zeeman-AASS} Do-AASS®| ¥3
A F= HEAM 42789 ABeIM Y = 1,049 x -
3.48(r = 0.998) 9] dA}stx X}

£ d7dMe €352 @3] oMl dety 7
2 g oldo] Frhdte Ao YWD (Cusr=
0.5911, Zn; r=0.7649). 22y ¥@FA F7lel o
A A, T8, olds ¥FEEol Adde A7
Ee =EG(HFHY, 1986). old&# IF
3, (1985) € A8 ¥& 1adEs) g4F 9, 7
=g, 72 ¥F 2AlA 4% FEd] g¥tdEe
daol glvtn Eadtdc. v AFH F,
(1986) & HlPH 29 TEF &, Ji=§, o
BFE AR FUF ARl F7HE] wHRA
FI=8T otdo] HAEE /AN FrlEe A=
Hu3gch #e €93 FHUY Ee FUF F
G4 A7AAE w2d FAA o] EFA
FErh 9EEd we de F4Ee ¥F AF
A& Aolgte #HL ARMe W 5§53
¥ A7e ol 20.0ue/dl °139] To] APYHe
& 4o Ezse 2RAEGE HAM dF=2=
A" YA F/F FESEHU TG ofde] ¥
of 4%& FUEA AFE F v ATE S} &
g £ 5k AHoith

2 o

A IlelA YAEFE Y T 4L
¥44 283.3 nmellAe] D B P4 E o8 &
d2 9AEEYe] F2 o §=3 glov, U
AEF el 8% ¥4 217.0 nmolX g Dy 23
Walo] HRgEo gtk a2y olg WAL uig
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B A wEo] AA=E uied 2FY o)
A& 7HA HAG 289 F 1980d] TRE
5 EHAES A ¥4 o) Zeeman effect
BAvel B §& F@IE Jepdc sl o]
el diztel #4& 2A HAG weld B d3e
U dEEe] ¥3d #471@8c] B8 de
Dz B394 (217.0 # 283.3 nm) 9} €34 %94
I HH Zeeman effect 22l &3 A3}
Hage 2A ¥ AHE- £ 717 89 &F A9
B & AES] A Axsgen g} 2
& Z3E it

Zeeman¥ el vIRRY W& ALgse 7719
Z3F Y 1,002 33, Dy 3§ BF A9
217.0 nm% 283.3 nmolAe AAE Rulm
(paired t-test)& 3%-& W YFA =7} 20.0
ug/dl o]&l AF-el 0.929 0.9022 Zeeman¥
B} g greg $HEon BAFHo2 foi
STHP0.001). 20.1-40.0 w/dY FAMHE D
B9 Aghel 2ol IR

Zeeman R Dy B EcAE EFA 70 o
& Pl EPAR ] WFe] AR €FA olgle o
& 8% &, 3, T, oddMe wgrAygd
B0 e H44#Q Aoz Yehgon), Falg
old-g FPE& Ze Ao Yehygt)

QT AR v|FojHol TR ol7} glo
28 ¥Fd ¥4 dolM Zeeman¥ uwigrAy
& AHEIAV Dy ubgEdy w$4(217.0, 283.3
nm)9 7171& et E Bdd Aew AlztEc
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