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Occupational Radiation Exposure to Hospital Workers: On the Effect of

Hematological Change
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Purpose: This prospective study was conducted to reveal the haematological index change by low
level radiation exposure in radiological environment our hospital workers. Materials and Method:
We gathered the cumulative dose by Thermoluminenscent Dosimeters (TLD) over 9-yr period and
examined hematological index counts change (RBC, Hb, Platelet, WBC, Monocyte, Lymphocyte,
Neutrophilic, Basophilic, Eosinophilic) both occupational workers and controls. Of a total 370 occu-
pational workers and 335 controls were compared. Results: This analysis has led to the following
general observations 1) The average cumulative dose in male and female were 9.65+15.2 mSv,
4.82+5.55 mSv respectively. 2) In both male and female, there were very low relationship between
occupation period and cumulative dose (r<£0.25). 3) Occupation period was more increased, in
male, WBC counts decreased and increased workers, RBC counts decreased workers were more than
controls group (p<0.05). In female, WBC counts decreased and increased workers and W-eosino
counts decreased workers were more than controls group (p<0.01). 4) Cumulative dose was more
increased, in male, W-Lympho counts decreased workers and Platelet counts deceased workers were
more than controls group (»p<0.05). In female, W-lympho counts decreased workers and RBC counts
decreased workers were more than controls group (p<0.05). Conclusions: We can find some kinds
of blood index abnormal distribution in occupational radiation workers by comparing with controls.
Occupational workers cannot avoid radiation exposure, in spite of the control it. Actually low level
radiation adverse effect occurred not dose but probability. So workers must always try to reduce
exposure by ourselves, furthermore as long as possible the government should provide rapidly that
national system on radiation control for worker’s health. (Korean J Nucl Med Technol 2008;12(3):
157-170)
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Table 1, General observation of populations

w
Ot

SofalA ZA T E9dek B BALS] EEE 20, 30t
71 e el Hja] Hu mE Axs) woken] B3 ojx)
oA 90% ol4He AAEIA L, 50t1e] REL wo] o}
o4& 1uho] TaHE|R] kokrh(Table 1)

2. WA 2] SAIKIC| mEMEr A SAP |2

A 2157, o2} 1557 o= A EH FARALY] A A
(Cumulative dose)2 212} AR Fy % ZL 9d7E
A AN 59U s)o] AeFele I XICRP 60)¢1 1
2|t 50 mSv o|sKeh, 5|%t 100 mSv o|sh)E itk FA}
Az TEER] Rt} gt 9] pE0] Aol A EH
T O] FARAEZE 20 mSy ofstof] Z3tE ] qlYlent
d/d0] -0l A] 20 mSv o]/ 1|40 Blgo] of o] H]sf
BEE o 4 itk

2 9ugte] EAVITE BRI Aol A9 124,
3~4d, 5~61d, 7~8d0] ZA|9] 50% oJHjollA] B3t EEE
Holtk 9zt FARAZE 1157 0.2 3k o]t AbA|staL
UAEE, oAZFE] 9= 99 FARATL 31.6%%] 49 o & HH]
AN HAREO] w2 Bk vl FAIZRe] HA A
It Table 2).

o o

Lo

RN BADIZE HARE
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Radiological workers Controls
Male Female Male Female
. 370 335
No. of population (%) 215 (58.1%) 155 (41.9%) 196 (58.5%) 139 (41.5%)
Age (years) 34.75+6.71 35.22+7.38
23~56 22~59

Meanzsd 36.836.99* 31.86+5.04 37.34x7.72" 32.23+5.66

Range 25~54 23~56 23~59 22~57

20 - 29 40 (18.6%) 51 (32.9%) 36 (18.4%) 40 (28.8%)

30 - 39 107 (49.8%) 94 (60.6%) 92 (46.9%) 86 (61.9%)

40 - 49 54 (25.1%) 9 (5.8%) 52 (26.5%) 11 (7.9%)

50 - 59 14 (6.5%) 1 (0.6%) 16 (8.2%) 2 (1.4%)
Years of employment 6.43£2.81

1~9

Mean:sd 6.932.63' 5.73+2.9 )

Range 1~9 1~9
Cumulative dose (mSv) 7.66x12.35

0.01~139.38
Mean:sd 9.65+15.2* 4.8945.55 )
Range 0.01~139.38 0.04~44.45

'p<0.05, ¥p<0.01 (t-test)
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Table 2, The distribution of cumulative dose both male and female

Male Female
No. % No. Yo
Cumulative dose (mSv)
<25 47 21.9 55 35.5
25 ~5 63 29.3 43 27.7
5~ 10 56 26.0 38 24.5
10 ~ 15 15 7.0 13 8.4
15 ~ 20 8 37 3 1.9
> 20 26 12.1 3 1.9
Total 215 100 155 100
Years of employment (yr)
1~2 20 9.3 29 18.7
3~4 34 15.8 33 21.3
5~7 25 11.6 23 14.8
7~ 8 21 9.8 21 13.5
9 115 53.5 49 31.6
Total 215 100 155 100
W AL AREA 0 S BAROR 3 A

Table 3. Correlation relationship among hematological index in male

Sk SAPIRE Aolol T2 AP HL] ATEANAE of
sio] Aol S nlorsiech W% EAKeE o3
© g=oleh Ak A} 3]
2 AAE YFIIoRe o et Qolndint

YAL] 79 Aol A] th2 weote] Sugh Ay
ol AP I17] A A (=0.22) 1t Qllom FAIZE
o A= T (Protein) ol AlRE FAFEHRIA|(=-0.2)7F ASITh
WH-HWBC)= 22> N W &3] Faui(Plateler)} 55
“HNeutrophil)2H= HATA 7} 34 Lymphocyte), T
(Monocyte), ZAFEosinophil), & 717 (Basophil)of| 4=
BAREAE 9tk ARFREOE BAHD)S Fo/T
/A (r=0.85)0] A lom, ZFHNeutrophil)= H=Z
“HLymphocyte)2} ol5= 2]k FAIHA|(-0.93)8 71|t
AIATKTable 3).

S ofRpe] AL AN} FAP|IH BE A4
i) Sulsh AL Rolx) etk thuk ko] A
of H|ssHA WiE-HWBO)olA ofe thg FEE0e] At

S| =A Plate Neu Lym Mo Eosi Ba
(=% Ij 2f ;DI 7._[ WBC RBC Hb let tro gh no no so
FRME 1.00
ZAb7|2t 22 1.00
WBC 13 -.04 1.00
RBC .09 -.04 12 1.00
Hb .08 -21 14 85 1.00
Platelet -.06 .08 34 .01 -.07 1.00
Neutro 11 .02 35 -13 -.09 .04 1.0
Lymph .09 -.05 -33° 1 .08 -.07 -9 1.00
Mono .07 -01 -21 20 -01 -.03 -22 -.03 1.00
Eosino .04 A1 -25" 15 .09 11 -26 -.03 .09 1.00
Baso .09 .08 -17" 30 .01 22 -1 -.03 -.06 42" 1.00
"p<0.05, 'p<0.01 (Pearson Correlation)
Table 4. Correlation relationship among hematological index in female
=x ZA} Plate Neu Lym Mo Eosi Ba
(Gixh Maf 7|2t WBC RBC Hb let tro ;}:h no no SO
S ME 1.00
ZA|ZH 16" 1.00
WBC -.02 -12 1.00
RBC .04 .02 .04 1.00
Hb -15 .04 .03 55" 1.00
Platelet .05 -.07 29 17 17" 1.00
Neutro .04 -.07 59" -.08 16" -.02 1.00
Lymph -01 .01 -5 .06 12 .02 -9 1.00
Mono -.07 15 -26' .09 .05 -.02 -33" 20" 1.00
Eosino -.04 17 -24" -.01 .09 -.08 43 28" 12 1.00
Baso -.09 .05 -2 .01 .07 A1 -27" 18 19 31 1.00

"p<0.05, 'p<0.01 (Pearson Correlation)
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ol Ao sFHNeutrophil)oll A= HEZHLympho- 4, ZAKIZT} CHERFO| SIOHSEM ZA} MEo| A
cyte)oh HARLHE B 8 SARA(=095)F 71X 9)
AtH(Table 4). TARRE Tt B HAMIA Y] Bt A el
ESEEIE S
AR WE gFEolx ofxhis thRio] PAlgEelA o
Table 5, Hematological index counts both workers and controls
Radiological workers Controls
AAES (AL Male Female Male Female
215 155 196 139
WBC (4~10x10"/mm’) 6.23+1.69 5.92+1.82 6.39+1.49 5.99+1.40
RBC  £(4.2~6.3x10°/mm”) t
O1(4.O~5.4><106/mm3) 4.91+0.32 4.17+0.3 4.86+0.32 4.27+0.30
Hb 2(13~17 g/dL) 5
0i(12-16 g/dL) 15.33+0.94 12.61+1.04 15.21+0.78 12.87+1.04
Platelet (15~35><104/mm3) 23.63+4.52 24.65+55.15 24.27+4.78 24.73+51.51
Neutrophil (42.2~75.2%) 53.57+8.26 57.50+9.44* 53.43+7.73 55.61+7.79
Lymphocyte (20.5~51.1%) 36.41+7.83 33.34+8.23 36.06+7.19 35.03+7.33
Monocyte (1.7~9.3%) 6.45+1.85 6.27+1.50 6.56+1.46 6.31+1.47
Eosinophil (1~10%) 3.04+2.02 2.23+1.64 3.40+2.66 2.56+2.02
Basophil (0~2%) 0.52+0.34 0.47+0.32 0.53+0.31 0.50+0.31
'p<0.05, p<0.1 (t-test)
Table 6, The difference of hematological indexs counts by occupation period
Occupation period
e Controls T e
e Male Female Male Female Male Female
196 139 20 29 34 33
WBC 6.39+1.49 5.99+1.40 6.43+1.59 6.38+1.84 6.38+1.24 6.16+1.95
RBC 4.86+0.32 4.27+0.30 4.85+0.31 4.1420.25" 4.95+0.29 4.19+0.34
Hb 15.21+0.78 12.87+1.04 15.4+0.86 12.6+0.91 15.32+0.78 12.58+0.85
Platelet 24.27+4.78 24.7+£51.51 23.8+4.83 24.8+5.65 21.9+3.97" 25.7+4.69
Neutrophil 53.43+7.73 55.61+7.79 51.3+6.12 58.4+10.5 53.3+7.41 57.9+9.67
Lymphocyte 36.06+7.19 35.03+7.33 39.5+5.841 33.2+£9.56 36.6+7.47 33.7+8.62
Monocyte 6.56+1.46 6.31+1.47 5.95+2.16 5.80+1.14 6.91+1.84 6.26+1.35
Eosinophil 3.40+2.66 2.56+2.02 2.71x1.46 2.09+1.61 2.77£2.17 1.72+1.26'
Basophil 0.53+0.31 0.50+0.31 0.45+0.36 0.52+0.36 0.46+0.28 0.39+0.29
Occupation period
S Atate 5~64 7~84 9
Male Female Male Female Male Female
25 23 21 21 115 49
WBC 6.06+1.21 5.38+1.72 6.32+1.93 6.18+1.27 6.18+1.89 5.63+1.94
RBC 4.99+0.41" 4.24+0.22 4.92+0.30 4.0£0.374 4.89+0.32 4.21+0.31
Hb 15.3+1.37 12.5+0.96 15.3+0.82 12.3+1.14" 15.33+0.90 12.8+0.96
Platelet 24.6+4.25 23.6+£5.91 23.8+4.99 25.3+5.75 23.8+4.54 24.1+£5.71
Neutrophil 56.3+7.07 57.6+£9.22 53.3+8.45 57.7+9.75 53.5+8.96 56.5+8.90
Lymphocyte 33.8+6.06 33.1+7.68 36.9+8.33 32.4+7.78 36.3+8.38 33.7+7.82
Monocyte 6.48+1.66 6.42+1.81 6.31+1.26 5.91+1.69 6.43+1.93 6.65+1.49
Eosinophil 2.84+1.82 2.53+1.66 2.89+2.03 1.99+1.08 3.26+2.11 2.64+1.97
Basophil 0.56+0.36 0.43+0.29 0.53+0.41 0.47+0.34 0.54+0.33 0.51+0.31

'p<0.05, p<0.01 (t-test), p<0.05 (ANOVA Bonferroni corrected)

(Zt 224 Ct= Table 59 22
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Z T Fofgt o)zt glolonh, oixke] A9 AE-HRBO)
220 A 4.17+0.3x10°/mm’ 2 T ZL2] 4.27+0.30x10°/mm’
Bk o7k gojxl Zpolzk qlloem, FAA(Hb) Egt
12.61+1.04 g/dLE T 23L0] 12.87+1.04 g/dLT} 2k} Wolxl
Zolg Btk =g o bW WA BizkE B985
TS 0% 5] THA] 248 g Hole IR & H
O3t Aol & AT 4= glglo, ojxfollA] Blma HESE U
AAE1 &5 Neutrophil)@} = HLymphocyte)7} 5-2]5+
Jol2 Ho|i gIItHTable 5).

Wi
e

(&)

. BAZIZE X0l ME HARIEE X0

3 WA, SA7|7F Zolof whE gz u} zhzre] A7t
ko] 7 AR BatApols, JAk - wefRt Aol B
2l HARE R FAPITE 1-2d0A] /2 Lymphocyte)
} 39.5£5.84% 2 20 36.0627.19% T} Wkh

34 EAA oA AT Platelet)Fol| 4] 21.943.97x

10"/mm’ & 3259 24.2744.78x10"/mm’ B} Wokom, 5-61

F

[«

N

FAAREE 2 ET(RBC)=0 A4t 4.99£0.41x10°/mm’ ©. 2
| Z70] 4.86+0.32x10°/mm’ 2} &9tk 7~8 @ 9| A}
AtolMs FeIRt Zol7k fItek

oJz}e] 79 o5t Aol 1-24 FARRRLolA HE
(RBO)S=7} 4.1420.25x10%/mm’ 2 ko] Hla] 23 Woto
™, 3~41 FARLO A= SAMYEosinophil)7} 1.72+1.26%
2 Rt 2.56:2.02% K0} Wbtk 3 5610 FARAEO]
M folet Zolzt glolom 7-81d FAMREOA = AP
(RBO)%>7} 4.0420.37x10%/mm’ 2 2R} Wokan Faa
(Hb) T3 W52 Btk 99 FARREIAME f-2ofgt 2jo
7F A

T WA, dRts 29 HE FAPIE 7] fojer
Hizol= Jze] AL giglon ojzjofAs AEHRBC
7} 7~8d EARZUlo] t 2o H]F] 0.22+0.07x10%/mm’
A ko zjo|E ®riTable 6).

ek

6. RN Xiolol| T2 HARIZEE FXi0|

Table 7, The difference of hematological indexs counts by cumulative dose

Cumulative dose

. Controls < 25 mSy 2.5~5 mSv 5-10 mSv
l\lflgée Fe;;l;le Male Female Male Female Male Female
WBC 6.39+1.49 5.99+1.40 6.44+1.44 6.17+2.01 6.28+1.83 5.96+1.73 6.44+1.93 5.38+1.71"
RBC 4.86+0.32 4.27+0.30 4.94+0.28 4.17+0.36 4.85+.39 4.25+0.29 4.98+0.28" 4.0+0.28
Hb 15.21+0.78 12.87+1.04 15.42+0.77  12.54+1.17 15.2+1.14 12.9+1.01 15.4+0.87 12.53+0.76
Platelet 24.27+4.78 24.7+51.51 23.2+4.25 24.1+5.06 *22.6+4.04" 25.2+6.52 25.3+4.49 24.3+5.53
Neutrophil 53.43+7.73 55.61+7.79 55.4+8.02 58.4+10.95 53.9+9.15 57.1x7.72 52.9+7.33 55.9+9.79
Lymphocyte 36.06+7.19 35.03+7.33 35.3+7.71 32.6+9.82 36.2+8.38 33.5+6.73 37.3+7.44 34.4+8.46

Monocyte 6.56+1.46 6.31+1.47 6.262.09 6.02+1.29 6.26x1.56 6.58+1.64 6.36+1.39 6.49+.60
Eosinophil 3.40+2.66 2.56+2.02 2.64+1.58" 1.97+1.157  3.17+2.13 2.33+1.70 2.99+1.97 2.67+2.21
Basophil 0.53+0.31 0.50+0.31 0.47+0.31 0.47+0.36 0.54+0.34 0.48+0.29 0.49+0.34 0.49+0.32
Cumulative dose

AN 5~10 mSv 10~15 mSv 15~20 mSv > 20 mSv
Male Female Male Female Male Female Male Female
WBC 6.44+1.93 5.38+1.71" 5.8+1.53 6.04+1.59 5.48+1.21 6.87+1.67 5.85+1.46 6.23+0.66
RBC 4.98+0.28" 4.0+0.28 4.82+0.33 4.12+0.25 4.99+0.32 4.13+0.12 4.95+0.29 4.32+0.01
Hb 15.4+0.87 12.53+0.76 15.1+0.90 12.7+0.78 15.8+0.94 12.68+0.23 15.3+0.87 11.1£2.08
Platelet 25.3+4.49 24.3+5.53 23.5+5.42 25.6+4.97 23.4+5.82 25.3+2.02 23.1+4.65 26.8+3.07
Neutrophil 52.9+7.33 55.9+9.79 53.9+6.46 58.8+8.28 50.9+4.59 54.5+1.61 51.7+9.88 63.47+7.32
Lymphocyte 37.3+7.44 34.4+8.46 34,7+6.05 33.0+6.47 38.6+3.85 36.1+1.18 37.6+9.29 29.7+5.03
Monocyte 6.36x+1.39 6.49+.60 7.28+3.57 5.88+1.33 6.65+1.97 6.40+1.15 6.94+1.40 5.10+2.03
Eosinophil 2.99+1.97 2.67+2.21 3.57+1.85 1.89+1.33 3.39+3.21 2.47+1.37 3.16+2.31 1.37+0.75
Basophﬂ 0.49+0.34 0.49+0.32 0.56+0.38 0.40+0.28 0.54+0.42 0.53+0.40 0.55+0.37 0.37+0.21

p<0.05 p<0.01 (t-test), p<0.05 (ANOVA Bonferroni corrected)

(Zt 224 Ct= Table 59 22
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A WA, AN Aolo] mHE Rt o] A A
I 7o) 5 AR ZF Rl Ak A9 fold Aol2
Q) AL B A 25 mSv ofshZel ) FAHEo-

sinophil) 7} 2.64+1.58% & t29] 3.40+2.66%E.Ch Wkl
5~10mSvitof| A= HEIHRBC)4=7} 4.98+0.28x10°/mm’ ©.
o 259] 4.86+0.32x10°/mm’ B} 9k},

2] - o3t Aol & Kl - A AT 2.5 mSv
olgkto A FAe} -2 S A (Eosinophil) 1.97+1.15% 2
o] %529] 2.562+2.02% 2.t 29kch 5~10 mSvitol| A uiE L
(WBC)3=7} 5.38+1.71x10°/mm’, A EHRBC)4=7} 4.01=0.28
x10°/mm’ & thZto] HlsjA Wktk 1 9]9] Fa el
10~15 mSv, 15~20 mSv, 20 mSvitol| A= T 7F mE 59
3} 2}o]E Holk AARIELS 04041:]-

T A, 2SR BE R
BatAtol= wAte] 4-p- FawHPlateler) A =2 AT 2.5~5
mSviL0] 5~10 mSvitE T} 2.6620.85x10"/mm o
2pol7h hglom, ojxto A= EAA(Hb) 7t 20 mSv o]t

Table 8, Normal and abnormal distribution of hematological indexs

Radiological
~ Controls
A2 (H,0d) workers
Male Female Male Female
WBC < 4x10° 13 15 8 5
4~10x10° 195 134 185 134
> 10x10° 7 6 3 -
RBC < 4.2(4)x10° 3 38 5 21

42(4)~6.3(5.4)x10° 212 117 191 118
> 6.3(5.4)x10° - - - -

Hb < 13(12) 3 5 1 19
13(12)~17(16) 207 144 193 120

> 17(16) 5 6 2 -

Platelet < 15x10* 5" 10 - 1
15 ~ 35x10* 208 143 192 132

> 35x10* 2 2 4 6

Neutrophil < 422 14 5 13 8
422~752 194 144 183 131

75.2 4 6" - -

Lymphocyte <205 6 10° 2 2
205~51.1 204 143 190 135

> 51.1 5 2 4 2

Monocyte <17 - - - -
1.7~93 215 151 192 136

>93 10 10 4 3

Eosinophil <1 26 33 19 22
1~10 188 121 170 116

> 10 1 1 7 1

Basophil 0~2 215 154 196 139
> 2 - 1 - -

*p<0.05 (Fisher’s exact test)
(Zt B2 cho|= Table 59 24S

o] tjzto] Hsf 1.84+0.59 g/dL A e XjolE Hol7l
SHR O p=05124] 7|Zeoll= EEE ] EtTH(Table 7).

7. AR tHEAZRO| T v 2EXI0]

FAARET ol 7 AAE A v BE
= 3 83} £tk

A A Gelgt el o]t BT AARES ¥
ZHPlatelet) ¥} SAFHEosinophil) Atk thzt 1967l 4]
A TKPlatelet) =7} 7HAE ARES SAREE QAT EAL
A o Az ) 2159 % 5olLt 7HE ARl glgie
E*HL(EOSIHOPhﬂ) oM FAAFRL] Z7HAIE 190]9ld H
W ol 7o 2 Aol Uitk

ofabe] o1 fofat 2ol Hel FHo| WApHrhe
Shtl 53] WBFWBOS A9 Aslet F719e

HE oA iz e BEE B3ck S35HNeu-
trophil) ] W3H= it M QAE S7HA7E AL

A 6ol AOm], YL Lymphocyteel s 4
FAPZL 10502 olshl gsket

8. SAZ[Zt Xfolof| HE CHZAEFD
X0l

ol A} HIZAL

=
s

TAZIZE Zpolof| whg 7 HARREE AAF vl Bas
¥ 99} 7t}

gARO] B9 Folgt R Zpol7t U e FAPIZE

3~4 ol A= TakHEosinophil) o] 4417 347 5 87

oz thxat W 198 ETE B2 FEglon, 4~59 FoflA=
G (Hb) o] FaxA7) 2578 5 2o s it
12 Bk E3 7-89 FSAREoA = WESHWBO)
o Z7HPF 217 T 2 o' tidtol|A o] Earet w3t

99 FAREOIAE WEHWBC)LE EA(Plateler)
A7F 1157 5 113 3o 2t o] ExHh
tHFig. 1).

HhH ojzlof A= o]t Bz O] Z}o]7} 1~21 FAA L
A= HolA] ghthr} 3~4d FARES] @A A(HD)oF SAR-
(Eosiniphil)©] 7t2747} 331 % 7F 1097} 12902 gz
of mlsl S7t=Ee] UL 7-8E FAKOlA= EMA
RBO)9| Haxpr} 211 5 7902 t2of Hal Wekor,
9 FARRRO A= WP Y(WBC)S] a9 F7HA7F
% 1097} 37 o= tfzgto] Hsf wol SISlt

&EI

g & (o 1o
F>_EL

= 32

Z}7} 49
(Fig. 2).



@ Occupation period/male @

Confrol  1-2 34 56

Occupation Period (vr)
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Flg. 1. Increased and Decreased Index by Occupation Period
in Male.

-8

(£5]
coSHERB8HS

Control  1-2

3-4 56
Occupation Period (yr)

—a—Decreased RBC

8

Conlrol  1-2  3-4 56
Occupation Period (yr)

—&—Decreased Eosinophil

Fig. 2. Increased and Decreased Index by Occupation Period
in Female.

9. LFRMEF Xj0[0f] M1 CHEZTO| RAF HITA BB He] 49 foleh BE Kol7h QIoH FHEE A4l
XI0] 2.5 mSv o|5|tol| A AT (Platelet) TFAX}7T 471 = 27 O
B2 229 1967 F 0mgof| v]aljA] Ho] gzl om, ot
FAAG Holol W 7} PAGEE B4 P HEE  (Monocyte) F7HHE 22479 F 40 i 196 5
3 103} 2k OETh w2 Bxs woliu Qi dhH R A%k 2.5~5
Table 9. Normal and abnormal distribution of indexs by occupation period
Radiological Workers
~ Controls
AAE=E(E,0) 1~2d 3~44 5~6H 7~8 9
Male Female Male Female Male Female Male Female Male Female Male Female
WBC < 4x10° 8 5 - 2 - 1 1 2 1 - 1 10
4 ~ 10x10° 185 134 19 26 33 31 24 20 18 21 101 36
> 10x10° 3 - 1 1 1 1 - 1 2 - 3 3t
RBC < 4.2(4)x10° 5 21 1 7 1 9 1 2 - 7 1 13
4.2(4) ~ 6.3(5.4)><106 191 118 19 22 34 24 24 21 21 14 114 36
> 6.3(5.4)x10° - - - - - - - - - - - -
Hb < 13(12) 1 19 - 3 1 10" 2 4 - 6 - 8
13(12) ~ 17(16) 193 120 20 26 32 23 22 19 21 15 112 41
> 17(16) 2 - - - 1 - 1 - - - 3 -
Platelet < 15x10° - 1 1 - 1 1 - 1 - 1 3 1
15 ~ 35x10* 192 132 19 28 33 31 25 21 20 19 111 45
> 35x10* 4 6 - 1 - 1 - 1 1 1 1 3
Neutrophil < 422 13 8 - 1 1 1 1 - 1 2 11 1
422 ~ 75.2 183 131 20 27 32 31 23 21 20 19 102 46
> 75.2 - - - 1 1 1 1 1 - - - -
Lymphocyte < 205 2 2 - 2 1 2 1 1 - 2 4 3
20.5 ~ 51.1 190 135 20 26 33 31 24 21 20 19 107 46
> 51.1 4 2 - 1 - - - - 1 - 4 -
Monocyte <17 - - - - - - - - - - - -
1.7 ~ 93 192 136 19 29 31 33 24 21 20 20 111 48
> 93 4 3 1 - 3 - 1 1 1 1 4 1
Eosinophil <1 19 22 1 7 g 12 3 3 3 2 11 9
1~ 10 170 116 19 22 26 21 22 19 18 19 103 40
> 10 7 1 - - - - - - - - 1 -
Basophil 0~2 196 139 20 29 34 33 25 22 21 21 115 49
> 2 - - - - - - - - - - - -

*p<0 05, p<0 01 (Fisher’s exact test)
(2t Z2Y 9= B 6T} 22)
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® Cumulative doselfemale @

Fig. 4. Decreased Index by Cumulative Dose in Female.

7L 267 2O dizgto] Bl WkATE 5~10, 15~20
= mSviZol A el 2o Aol sIIckFig. 3)

lls/léieﬁ.i. Increased and Decreased Index by Cumulative Dose in oJ2}o] AQ. o5t B E Ha| f;o 5.0 & 25 mSy 0|5kt

o] A W& HWBC)2] 747} 557 HoR gz o
mSvZOINE 2718 RISl We FEon wiEa(WBO)SE B3t Xfol7h glglom, 510 mSv?LOM = oo Eatsp
& %7(Neutrophil) 7} 3&4 o, A5k e FAANHb)eE  WEHWBC) A W SR Wl qlglen, AdSt
H3ZLymphocyte)7} %Itk 1 9] F=Z X8 10~15 mSvt (RBC)9] A} 31 38% & 13O E fj2FH ) Woth
o 4] T{(Mmonocyte)2] E7FAF7E 158 £ 2o & tixto]  10~15 mSvitolAE HEHRBC)2| 7haAl 7} wWelth
Z71AbRT} BokaL, 20 mSv ool A EavKPlatelet) 7t 15~20 mSv, 20 mSv oJakEolAlE Rofek Xol= glIcFig. 4).

Table 10, Normal and abnormal distribution of indexs by cumulative dose

Cumulative dose

AARIE (L, 0F) Controls = Sy 25-5 mS
ZJNS-1=1(T] 5 mSv 5~5 mSv  5~10 mSv  10~15 mSv  15~20 mSv > 20
Male Female Male Female Male Female Male Female Male Female Male Female Male Female
WBC < 4x10° 8 5 1 4 5 3 3 6' 2 2 1 - 1 -
4~10x10° 185 134 45 48 54 39 51 30 13 11 7 3 25
> 10x10° 3 - 1 3" 4 1 2 2" - - - - - -
RBC < 42(4)x10° 5 21 1 12 2 7 - 13 - 5 - 1 - -
42(4)~63(54)x10° 191 118 46 43 61 36 56 25 15 8 8 2 26 3
> 6.3(5.4)x10° - - - - - - - - - - - - - -
Hb <13(12) 1 9 - 12 3 7 - 7 - 3 - - - 2
13(12)~17(16) 193 120 46 43 58 36 55 31 15 10 7 3 26 1
> 17(16) 2 - 1 - 2 - 1 - - - 1 - - -
Platelet < 15x10" - 1 2 1 1 2 - 1 - - - - 2" -
15~35x10* 192 132 45 53 61 37 55 36 15 12 8 3 24 3
> 35x10' 4 6 - 1 1 4 1 1 - 1 - - - -
Neutrophil <422 13 8 1 3 4 - 5 2 - - - - 4 -
422~752 183 131 45 48 56 42 51 35 15 13 8 3 22 3
> 752 - - 1 3 3" 1 - 1 - - - - - -
Lymphocyte < 205 2 2 1 6 4 1 1 3 - - - - - -
205~51.1 190 135 46 47 58 42 52 35 15 13 8 3 25 3
>511 4 2 - 1 1 - 3 - - - - - 1 -
Monocyte <17 - - - - - - - - - - 3 1 - -
17~93 192 136 43 53 61 43 55 36 13 13 5 2 25 3
>93 4 3 4 1 2 - 1 2 2" - - - 1 -
Eosinophil <1 19 22 6 14 7 7 7 7 - 3 - - 3 1
1~10 170 116 41 40 56 36 49 31 15 10 8 3 22 2
>10 7 1 - - - - - - - - - - 1 -
Basophil 0~2 196 139 47 54 63 43 56 38 15 13 8 3 26 3
> 2 - - - - - - - - - - - - -
"p<0.05, /p<0.01 (Fisher's exact test)
(Z =29 9= g-61 22)
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