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Author applied several engineering methodologies to classical ultrasonic nebulizer to cope with it's demerits. After
several trials and errors, we got the several meaningful results. To evaluate the modified ultrasonic nebulizer for inhalation
toxicology of cadmium, author used light-scattering photometer. This paper is the one part of inhalation exposure systems for
inhalation toxicology study of cadmium. According to the testing conditions, source temperature 50°C and inlet-duct band
temperature 150°C, aerosol generation results for sodium chloride and cadmium chloride were as followings: Coefficients of
variation{CV) of sodium chloride and cadmium chloride for repeated trials were 3.38 and 4.77 for 10g, 2.47 and 5.02 for 5g,
and 4.70 and 2.98 for 2.5¢g. All the CVs were within 10% of acceptance variability. Count Per Minute(CPM) changes of NaCl
and CdCl, for 5 repeated trials were similar. CPM ratios of CdCly/NaCl were 1.13 for 10g, 0.76 for 59, and 1.06 for 2.5g.
Relative aerosol generation of cadmium chloride to sodium chloride was the highest in 10g. Efficiency increases of 24.50%
for 5g NaCl, 14.91% for 2.5g NaCl, and 16.48% for 2.5g CdCl> with respect to theoretical efficiency were observed but 0.04%
efficiency decrease was observed in 5g CdCl.

According to the modifications of source temperature(20, 50, 70C) and infet-duct band temperature(20, 50, 100, 150, 20
0°C), aerosol generation results for NaCl and CdCl. were as followings: CPM trends for each quantity excepting 10g NaCl in
infet-duct band temperature 200°Cc were similar, and the highest CPM was observed in source temperature 70°C to each
inlet-duct band temperature. The highest CPMs to 10, 5, and 2.5g NaCl were observed in source temperature 70°C and
inlet-duct band temperature 20°C. Aerosol generation of cadmium chloride was increased with the higher source temperature,
excepting inlet-duct band temperature 200C. The highest CPMs for 10, 5, and 2.5¢ CdCl: were observed in source
temperature 70°C and inlet-duct band temperature 20°C, and this trend was similar o NaCl aerosol generation The highest
CPMs for 10, 5, and 2.5g CdCl. were observed in source temperature 70°C and inlet-duct band temperature 20°C, and this
result was similar to NaCl aerosol generation. Observed efficiencies of 5 and 2.56g NaCl were similar to it's theoretical efficiency
but -3.08% efficiency decrease of 59 CdCl,, 17.47% efficiency increase of 2.5g CdCl, were observed. CPM ratio of CdClz/NaCl
of 10g was different to 5 and 2.5g, and 2.5g ratio was higher than 5g ratio.

In conclusion, to get maximum aerosol generation for NaCl and CdCl> will be the conditions that set the appropriate
infet-duct band temperature for each materials and increase the source temperature. Sodium chloride can be used to evaluate
the performance and predict the concentration for cadmium aerosol in aerosol generator and inhalation exposure system.

Key words : Inhalation toxicology, ultrasonic nebulizer, aerosol generation, coefficient of variation, light-scattering
photometer, cadmium, inhalation exposure
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1. WETo|a % (Nebulizing Solution)

ABEEES ASMER 101 gEFIEES 0BT &
719 Edol tidl 10, 5, 258 3Xt /4 2 o] §H3) Al
7 nebulizing 8HE THEJCHNaZE 2}2t 1967, 983, 491ppm;
CdZ 7}z} 3065, 1532, 766ppm; 013 10, 5, 2550 & FAJ). 10,
5, 25g2 oHIAIEE AX 1T 4 839 £Y skoltt

2. 235} olo]Z2E WYX W A2 T4 (Composition of
Ultrasonic Aerosol Generator and System)

NI ZE 8RYAIR] Q] P42 ultrasonic nebulizer, nebulizing
Y 3lE12} YE 7 5lE|(Tubular Heater Type SS, Tempco)
J811 2% Z&7)(Thermostat TS-320S, Thermtrol), EZHE F*
BEUL LHIE A Z2E AIHIR]Y FESHL 0.100m0IY
ok FRe B8 FESTE WAZITAL A3 TR [l
SHHH O F ZF 7hse AlA-oIT). 223} vlBEloldY
d2 £3m BH ASAL YRI g, 09 §%7), $871 ZEY
TEHE FgE0] Atk FUE719 AXHAE AT AN EH
7} &2lEl ZDYEHE, ultrasonic nebulizer A2]E 0|83k o]
EE 7], 2% dolZ2EE F YEO |YUAFIE W= JE
(Mi-Plus MPP55101, Tempco)} 2528717} Ak S, vl
E UTEHE [ - 29 YE(HUE |FEEH 0017w, FUHE &
E8F 005m) TlRol= W= J31EMi-Plus MPP00247,
Tempco)®} 2EZZ7]7t ARG, V19 ACZ THE i
2 YTEHE(FESH 0.048m), viEEE 2718 F3lsY) A8t
HEPA ZEl7} 22 ATEHER FHEiYH J7|9 ol
I &Y £E2 HEPA ZE|7} ZRlE JUEHUENA ER0i9)
HHE o183tk WE uR9 /4 FFE o9 Fud
(traverse point)S LAl ZESINL? I FH |§4 0.5%0)
KoM F&9 EZAE 71§ Z-7)(VelociCale Plus  Air
Velocity Meter Model 8385, TS)E ol £3IC}.

3. ahlg oo} 2EQ] &% (Measurement of Aerosol Generated)

YR olo|2EY HSPols FAR YA o83l BL
7|(Digital Dust Indicator, P5-L2, MDA Scientific)& 0)83l3 1
o] ZhlE A1t wiiE oIz &0 9] Hslol WE o] ZEQ)
A %X} &k (total number concentration)Q] HO|E Qlojd 1
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A ARSI 539 Zike BY A<(Count Per Minute;
CPM)SZ FAISIHIL THAd] I WAl & o188k ZEAY
EME Aol 439 #He BUUEE B3 ETE Edl
ZH6LIA o= E718 2Y 104 S5l B3E EEE 90

cofl A} AFHE Escattered light)o] 2219 ZL& FAla) FiL
HAE) BXl(precutter)oll 4] ZFo] 5mQ] YR B5F SF5HL
10mQ] YAR= 50% EWSHL 20mQ) YAR= 100% E}5IK £
St Bl (beam)E SHTHE UALY B BAe B siSHKE
% fEEE) 31204 ASEL FAR UehdA go. 13
B2 CPM2 71289 S5 Ao Blslke S&E9 ¢xt
220 Aledhe ALE AHE 4 ATk

4, EASHY HX(Statistical Analysis)

AFE g7 FREAE Qokiga EASHE B4 W I3
9] Z2 AT L8 SPSS/PC+8.034 SigmaPlot 4.0& 0]&3KY
c} AIEE 949 BN E 0|83l B3Il RY4EE a=
0052 AABIHCE AlRML Z+23e) Uglol) thdh iAle=9] HolE2
8301 A% (coefficient of variation; CV)E 0183 JAIBKACYY.

2 3

Q) 2% 50T, 479 YEQ i §lH 2% 150T £
ZollA] ZsA|7ol mE 27X AIEEZY CPM3} Hile2 &
1% 2 1211 Hol A4 CdCh/NaCl CPM9) HlE I3 1 %
29} Zitt. Z3zio) A EZol tig CPMI HElE8L HSES
10gollAlE EHE 4A17H 747.48CPM 1211 AHE A1 -4.33%
o7 718 52 £X§ Bk @SEE Sgolils S 413
Al 545.038CPM 12|11 ZHS 2A17H -235% O F 71aE &2 A]
& BYch HSWIEE 25gollAlE 2HE 5A17HK 301.84CPM 18]
I AHS 3AIZH 561% 2% V1 £ FAIE BYrh gshE
E2 25 2, 3A17H CPMo| Z4ske 80l YR gsht
EE 10gollAl= 387 A TollA] HolAl4 24328 7hat L
g2 X Toll s HolAlSE 3.38010.21 5gollAlE 2R AT
oAl HolAls: 23192 71 AL BHSAILO] thet oAl
= 2470]UT QIWIEE 25gollAtE 281K A|ollA] Blol Al
2302F 7H} =R HHEAIEol gk Mol 4.700]UTE
olgigt AEZ T TR Toll TSt HolAS 20% oy 181
HHEATol thd HolAS 10% olUE REAFHE ZAujolirt

HIPFIEgo) st CPMI #H35lE2 10goiiE 215 541
A 854.81CPM 12)1l EHE 2A17H 6.63%28 71 &2 $7]
HYT) HEIEE 5golils 2HE S5A17HA 432.24CPM 112
AHE 5AIMA 6.14% 28 71 &8 RIS HArk di=
10gol A= 20K AlTollAl HolAs 25102 7Ha =L b
2 Aol 3} HolASE 4770|900 5gollAl= 2HA Aol
Al HOAIS 24108 7MY =QkAL HHRA ol tidh HolAlRE
502019tk HSFIEE 25golAle 4R AlolA] HolAS
23522 7V =l HHEA ol tigh HolAlE 2.9801RUTt
olEigt A A= LAl St HolA S 20% of 2] 1L
HEEA o] tiE HolAIS 10% OlHE WERFIE Auo|AT)

i TR 1}

CdCl/NaCl CPM9] HlE 10goilA] 1.13, 5gollA] 0.76, 12
I 25g00A] 10628 MAIFIRIL 10goilA] HSHIEE] vidh &
SIEE olol2E9] YriFQl dhigo] 71E FiTh

Table 1. Readings of Count Per Minute for 2 Testing Materials with
Running Times

Runnmg Count Per Minute, CPM

Time, N Sodium Chloride

Hour 109 59 259
1 5 72518+ 1476 541191091 29845+6.37
2 5 71230+ 1586 52389+ 12.11 271.20+£6.23
3 5 688911671 531.74+ 1181 276.49+6.09
4 5 74748 +16.19 545.03"+11.97 288.73+6.50
5 5 726.89+ 1506 54068+ 1187 301.84*+6.46

Total 25 7201512434 53651 +1327 287.34+1348

Cadmium Chloride
109 59 250

1 5 79089+ 16.01 3686.46+9.08 299.80+652
2 5 76082+ 19.13 38847+9.36 205.32+6.34
3 5 82356+17.34 40581974 30470+7.04
4 5 84429+ 1805 42309+9.00 30774722
5 5 854.81* £ 16.52 43224 +891 31440°+£6.30

Total 25 814.87+ 3886 407.21+2042

304.39+9.06
*p(0.05 by One-Way ANOVA. :

Table 2. Fluctuation of Count Per Minute Readings for 2 Testing
Materials with Operating Times

Running Fluctuation, %
Time, N Sodium Chloride
Hour 10g 59 250
1 5 069+204 087+203 386221
2 5 -109+220 235°+225 561*+2.16
3 5 -433°+232 088220 377+212
4 5 379+224 158223 048+226
5 5 093+209 0.77+2.24 5041225
Total 25 000+338 0.00+247 000469
Cadmium Chloride
109 59 259
1 5 294+196 -509+223 -150+2.14
2 5 663+234 -460+2.30 298+208
3 5 106+2.12 034+2.39 0.10+231
4 5 361221 389+221 109237
5 5 490+202 6.14"+218 328" +207
Total 25 0.00+4.76 000+501 000+297

*n{0.05 by One-Way ANOVA,

Q) 2% 50T, Y79 HEQ WE FlH 2F 150T £
Aollx] ZHEAZI0] WhE 271K AR EZ19) 10g0l] thd Sgt 2.58
o] CPM ZA8L X 33 20 420 AIMEY] S 248
2 Q3EE 5gollME BT -2550%01Q 1L S 24170l 4]
27.25% % 718 =%or HIWEE 25g0M s E -60.09%0]
QUL ZHE 2X17HRl0IA] 6234%F 71 &= QA= E Sgol
ME BT -50.02%01U9T ZHS 2417 ollA] 52.32% 2 71 EQt
om GEFIEE 25g0lAs BT 62.64%0|1 FHE 24| 740l
A -6375%Z 7Va BTk 2129 2ol thal 10g0l THE 5,
25g9) CPM ZA 82 0|EH 2R b2}t -50%, -75%0]010F St
o249 T 8ol ulal HSMIEBoIAE 5goll4] 24.50%, 2.5g00
A 1491% 211 QEFIEE 25g004 16.48%2) 58 F711
AoLt FEIEBOIA = 5g0lA TR 0.04% E€ 710 AR
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Table 3. Decrease of Count Per Minute Readings to 10 g for 2
Testing Materials with Running Times

Decrease, %

Running Time, Hour N Sodium Chloride
59 259
1 5 2485+ 151 -5855+0.88
2 5 2125 +168 62.34"+086
3 5 26.161£ 164 61601084
4 5 24311166 -59.90+080
5 5 2492164 -58.08+0.89
Total 25 2550184 -60.09+1.87
Cadmium Chloride
59 250
1 5 -5257+1.11 6320080
2 5 5232114 63.75*+0.77
3 5 -50.19+1.19 -6260+086
4 5 -4807+1.10 62.23+088
5 5 -4695+1.09 61411077
Total 25 -5002£2.50 -62.64+1.11

*p<0.05 by One-Way ANOVA.

6

BB Sodim Chionide 10g

4 Sedium Chloride Sg
I Sodium Chloride 2 59
273 Cadmwm Chlonde 10g
MM Cadmwm Chloride 5g
G Cadmium Chloride 2 5g

o

-

Cosfficient of Variation(CV)

15t 2nd 3rd 4th 5th Total
Series

Fig. 1. Coefficient of Variation for 2 Testing Materials with Running Time.

~

N Mean
Standard Deviation

P<0.05 by One-Way ANOVA

o
N

Cadmium Chioride/Sedium Chioride Ratio to CPM

10 s 25
Quantity, Gram

Fig. 2. CPM Ratio for Cadmium Chloride/Sodium Chloride.

29 2720, 50, 2] 1 70C) I LT HEO W
Z BlE] 2%(20, 50, 100, 150, 1)1 200C)oll WhE 27}R] A1
£ 9] Count Per Minute(CPM)2 IF 4 1gl1 59 Zr}. g3
UEE 10g2 W 21 479 HEQ] W= I8 2% 20, 50,
100, 150, J2]X 200ToiAlE zHzt wHl REF  70ToiA
466.66CPM, BH3Q1 2% 70TolA} 403.33CPM, 29l 2% 7
0ColA] 310.00CPM, WY 2% 70TolA] 350.00CPM, Ig]i
9 2% 50Tol4] 360.00CPMO.Z 7Ha EUch ASIESE
5g Wi 12l 79 WEQ WE §lE 2% 20, 50, 100, 150,
T2]1 200ColAE 7zt Wiyl 2% 70°ColA] 326.66CPM, 2t
42 2T 70TolA 22000CPM, M 2EF 70ToIA
200.00CPM, 289 2% 70TolA] 216.66CPM, 1|1 wHiQ
2% 50TolA 230.00CPM2Z 71a =Tt H3hIER 2.5
o 1212 79 HEY Wi §lH % 20, 50, 100, 150, 1)
I 200TolAlE 2zt w9l 5 70ToAl 183.33CPM, Wi
2% 70ToliA] 40333CPM, 28 2% 70°ColA] 310.00CPM,
el 2% 70TollA] 350.00CPM, el Wil 2% 50T
360.00CPM2.Z 71& =Rttt QSHIEE 10g9] 479 HE W
=9 2k 20T Ao wio] 2571 70TolA] A9t
HE 9 2% Ziziof sl Ao CPME AASKIL &
HH A AIBOIM HE £HC0E YZETh AShIES 10g
5g 121 2.5goll it Ao CPM2 288 2% 70T 47}
HE WMIZ9l 2% 20ColA MAIFAUTE

Table 4. Readings of Count Per Minute for Sodium Chloride with
Operating Temperatures and Quantities

Temper?» Operating Temperature of Inlet and Duct's Band Heater, 'C

ture 0

Source, 2 50 100 150 200
C Count Per Minute for 109, CPM

20 3 17866+1504 21000+000 20000000 226664577 24000+0.00
50 3 233334577 26000+000 29000000 31000000 36000°+0.00
70 3 46666"£577 40333577 310007x000 35000000 34333577
Total 9 29288413274 201.11+8695 26666£50.74 205.55+54.56 3144415637
Count Per Minute for 53, CPM
20 3 11000+000 13000+000 14000+000 16333577 190.00+000
50 3 140001000 15000000 16000+000 17333x577 180.00+0.00
0 3 30666*+577 22000°+000 20000*+000 21666"+5.77 230.00"+000
Total 9 19222+101.70 1666614092 166662645 1844442505 200002291
Count Per Minute for 259, CPM
2 3 90001000 93334577 10666+577 120001000 13000+0.00
50 3 9666+577  9000+000 10666577 120.00+000 120.00+0.00
70 3 183334577 15333'+577 13000"+000 13666"+577 13333 +577
Total 9 1233314527 11222+31.13 1144411236 125551881 127.77+6.66

“p{0.05 by One-Way ANOVA.

HIIIEE 10g Wl 1211 7 HEY W= 5 &
. 20, 50, 100, 150, T12) T 200 Coll A& z+zh dhil) 2% 70T
ol A 527.83CPM, 29l 2% 70TolA] 454.49CPM, uHiQ) 2
T 70CollA] 348.37CPM, 2t 2 70ToilA] 393.90CPM, 1
21 S8 2F 50TolA] 405.02CPMO.E 7Ha E9iTh o8t
FIEE 5gd wh I2)1 7o HES WE BB % 20, 50,
100, 150, ZZ2]3 200TolAlEs 2tz vhlQl 2% 70TolA]
268.90CPM, 29l 2% 70TollA] 248.80CPM, gHigl 2% 7
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0TollAl 172.70CPM, LY 2% 70TollA] 186.23CPM, 1211
29l 2% 50Tol4 21.19CPMCE 7}at =Tt ¢slFtE
B 25g ol 1811 47 HEQ WE §lE] 2% 20, 50, 100,
150, ZIBlZ 200ColAlE 2 WY 2% 70TolA]
195.72CPM, 439 2% 70°Co)A] 182.51CPM, 29 2% 7
0ToilA] 138.28CPM, 29 &% 70TollA] 154.89CPM, 18) 1L
w9l % 50Tol4] 155.72CPMRE 71a &ich gagie
 10g, 5 71211l 2.5g Ztztoll thidl 7S UE WEY 2%
200CE AQASIA 2219 U7 HE =Y 2% X0l
w90l 2571 2& 8 HIAFIEE ooiZEY o)
Z71BIG3L olgigt 218 SYUHH A AEdA AF £
Aeg gugct F3I=E 10g, 58 2.5g0 g o} CPM
2 ET 349 2% 70C 1211 7Y gE =9 2% 2
0ColM AMAIFAIL ol FEH 2 HSWIEE ololE2E gt
A3 FARH Q42 LIERATE

Table 5. Readings of Count Per Minute for Cadmium Chloride with
Operating Temperatures and Quantities

HITIEE 5S¢ Wl Bt ZAE2 51.54% (01249 5&1
H]A] -3.08% EELACIRIL Z4E0] 718 2 79 HE
9] WHE 3lH 2&E 50TE B 46.28%0I11 0] ZZ0A] 7}
32 2488 HOl WA 2= 0TOIACHOIEYS &
2T H|ZA) 1484% FE57)). FIFIEE 25g2 W B 24
82 -61.90%(C1249 F&1 HlWAl 1747% EEZ7HoIRL
aago) 71 22 79 HEQ WE §lE 2k 10CE ¥
T -60.82%01QL 0] ZH0NA 71 R A4ES HQ 2l
25 50ToIATHolBaY §83 A 21.39% E8571).

HIWIEET HEFIEE 553 2500 tish FUBHY HEs
AIFA] i AEEE SUEE 97 fldiME A7 88
WY 2] 1 T HEY Wi BlE] 2% ARBShE Aol £
Ao yziant 4719 2AE 1eig ul gshIEES] F 2 58
3 25g2 o]249] F80) FARBINSU HETIEEE Sgollil=
3.08% 589 24Ut UAL 25004 1747% S7¥siRck Fsl
FITES AF 258 Algok= 2ol ¢ £2 A2E 42En

Table 6. Decrease of Count Per Minute Readings to 10 g for 2

Tempera Operating Temperature of Inlet and Duct's Band Heater, T Testing Materials with Operating Temperatures and Quantities
_Sigtﬁcgf N 20 50 100 150 200 Tempera- Operating Temperature of Inlet and Duct's Band Heater, C
c Count Per Minute for 10g, CPM é‘é’gré’g \ 20 50 100 150 o0
20 3 201061708 23617069 22497377 251041732 268941607 c Decrease for Sodium Chioride 59, %
50 3 261752546 291924458 32098+122 350954275 40502479 20 3 38431000 38094000 -3000+000 -2794+254 -2083+000
70 3 SUBTHTR 454491036 MBITE158 W18 3470635 0 3 4000000 -42.30+000 -4482°+000 -4408"+1.86 -5000°£000
70 3 -3000£123 -4545'+000 35481000 -3809+164 -3300+000
folal 9 3021+15083 2753+%B3 011145169 33%+6074 H289+6377 Toll 9 3143460 4195319 36772649 -3670+728 3461+ 1268
Count Per Minute for 59. GPM Decrease for Sodium Chioride 259, %
0 3 813 135594334 1070311870 112784898 117.44+1068 0 3 -4962+000 -5556+274 -4666+288 -4705+000 -4583+000
50 3 1165711384 13044535 17011636 131734438 211FxB 1 5 3 58571247 6538000 -6321*£ 190 -6129' 1000 -6666'+000
70 3 26890°+4346 24880°%1951 17270°+1208 186.23°+2431 170.18+1534 0 3 60714123 61.98+143 5806000 -6095+164 61.16+168
Tolal O 1604¢+8521 1758145670 1499543504 143562354 172604938 Total 9 5630+527 6097+450 558131 5643708 5788+938
Count Per Minule for 250, CPM Decrease for Cadmium Chloride 53, %
. 0 3 52304660 42581141 52424831 56124349 -56.33+397
203 79545071 BAGE064 2611065 WBABEIILMA BH+A 50 3 -5546+528 -5100'+183 4844495 -6246%125 -45.38%887
50 3 %11£531 10302+495 135401563 127.20£000 15572*%784 70 3 -4005+823 -4525+429 -5042+347 -5271+617 -5342+398
70 3 1957242008 18251821 13828°+336 15480°+1013 148414448 Total 9 -5208+652 -4628+445 -5043£542 5110550 51712713
Total 8 1237945567 1247044427 1188322870 1268542560 1342042742 Decrease for Cadmium Chlorde 2.5, %
; 0 3 60431483 6249+366 -63.18x473 61681457 -6336+166
P05 by One-Way ANOVA 50 3 -G3B+220 BAT0L169 5896+475 6375000 615519
70 3 -6291+379 -5984+180 -6030+096 -6067+257 -6142+1.16

uMEQ] 2%:(20, 50, 18)1 70T) )1l 7S HEQ wi
= BB 2%(20, 50, 100, 150, 2] 1L 2000°C)oll W 271K A|E
273 10gofl tht 5g3t 25g9] CPM Z482 T 63} 2ot g3}
UEE 5g8d o} BT 2482 37.8%(CI1EHY G871 vluA]
25.24% GES5710IUIL #480] 71E 2 79 JE9 W
E 5B %= 200CE B -34.61%01Q1 0] R 71a
H2 488 Hol eY R 0TOIUTHOIEHY B8
I} B RA) 58.34% HEF7). GSHIEE 25g Wl B L4aE
2 5751% (1240 §83 vlIAl 23.32% §2E7HoIRT 2
4£80] 7ha w2 gl HEQ WE Bl fLe 10TE B+
-55.98%0IAU L 0] ZZoA 7MY R 4SS Hel 2l 2
TE 20ToIRSL 7a e D482 UER a9 2 1
211 479 HEQ WiE §lE 2% 20T I8lil 200TE
-45.83%01ATHOI 2210 EE87 H|WA] 38.89% HEE7N).

Total 9 62214353 62341305 -6082+387 -6203+295 -6211+169
*0¢0.05 by One-Way ANOVA.

HRE9) 2520, 50, 1231 70T) 2l 79 HEQ R
 3lE 2%(20, 50, 100, 150, 2112 2000C)oll whe 271K AlE
E3) 10go]l thgt 5git 2589 CdCh/NaCl CPM9] HlE E 73
Zt} CdChL/NaCl CPMQ) H]= 10goflAlis Wi, 79 HE
M9 2ol & glo] 112 BZ0|UAL 5g 18| v 2
T 20ToAE Q79 HE WE9 2% 50TolA 1.048 718
S} A 25 S0ToME 47 HE §ESQ 2% 200C
oA 1228 7HE Eter Y 2% 0T e 479 EE
=0l 25 50TolA] 11328 71A EUTE 25g 18] 7 wHie
2% 20TolME LTS YE W9 25 50ToA] 0958 71a
EQRIL WP T 50Tl 79 HE MES] 2 20T
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ool 2 WU 4A U BT BTAE 0183 5871

ol 1.292 7K =%om g9l 2% 0ToAE 79 HE
Mgl 2% 50TolA 1192 7ha =tk 10gol  thdl
CdCl,/NaCl CPM@] = 5gi3} 2.5g3 THE QM LIERIQT
SgHTh= 25g0i4 1 HI7} ERUTh

Table 7. CPM Ratio of Cadmium Chlioride to Sodium Chioride with
Operating Temperatures and Quantities.

Temperature, 'C Quantity, gram
Source Intet and Duct Band 10 5 25

20 20 112000  087x012  088+0.10
20 50 1122000 1042002 095+010
20 100 1.12+001 076+013  078+0.14
20 150 1131001 069+006  082+009
20 200 1.12+£002 0612005  075+003

Total 1.12+001 079+008  083+009
50 20 1121001 083009  099+012
50 50 1121001 0.95+003 1144005
50 100 1.13£000 106010 127019
50 150 1132000  0.76+£000 106000
50 200 1124001 1.22+0.19 1.20+0.06

Total 1124001 096008  1.15+008
70 20 113001 0821013 106+0.13
70 50 1.12+0.00 1131008 1.19+003
70 100 1122000 086006 106+0.02
70 150 112000  085+009 1.13£0.12
70 200 112001 0.77+006  1.11£007

Total 1122001 089008  1.11x007

S1A Z
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nebulizer)oilA] A YA F71HCE AAM BHASHA o185
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2 FAHO MA o] EFEEAE o|8E 4 UL ALE
Azigc) AAE e QT Sk U 7 T A
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£ QT 5V UEd FUZE A2 Y79 d7FAEd 9
3 ASHOE £UHT YT, B dFolxE ol AU
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