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Particle Size of Aerosol from 0.25% Cadmium Chloride Nebulizing
Solution for Inhalation Toxicology Study

Jae Yeal Jeung®, Ki Nam Lee

The Third Medicine, Professional Graduate Schvol of Oriental Medicine, Wonkwang University

The modified engineering methodology and the modified electronic circuit in classical ultrasonic principles were
applied to ultrasonic aerosol nebulizer for inhalation toxicology study of cadmium aerosol. 1532.96ppm Cd nebulizing
sofution was used to generate cadmium aerosol for particle size analysis with the modifying source and inlet
temperatures. The results of particle size analysis for cadmium aerosol were as following. The highest particle counting
for source temperature 20C was 399.75% 107 in inlet temperature 100°C and particle diameter 0.75xm. The highest
particle counting for source temperature 50°C was 399.70 X 10% in inlet temperature 50°C and particle diameter 0.75n.
The highest particle counting for source temperature 70°C was 411.14x10% in inlet temperature 100°C and particle
diameter 0.75.m. The ranges of geometric mean diameter were 0.74-0.79zm in source temperature 20°C, 0.65-0.72m
in source temperature 50°C, and 0.65-0.80um in source temperature 70°C. The smallest geometric mean diameter was
0.654m in source temperature 50, 70°C and inlet temperatute 20, 50°C, and the largest geometric mean diameter was
0.80xm in source temperature 70°C and inlet temperature 100°C. The ranges of geometric standard deviation were
1.71-1.80 in source temperature 20°C, 1.27-1.61 in source temperature 50°C, and 1.27-2.29 in source temperature 7
0°C. The lowest geometric standard deviation was 1.27 in source temperature 50, 70°C and inlet temperature 20, 50T,
and the highest geometric standard deviation was 2.29 in source temperature 70°C and inlet temperature 100°C.
Generated aerosol for cadmium inhalation toxicology study was polydisperse aerosol with the above geometric
standard deviation 1.2. The ranges of mass median diameter(MMD) were 1.75-2.25:m in source temperature 20T,
1.27-1.61m in source temperature 50°C, and 1.27-2.29zm in source temperature 70°C. The smallest MMD was 1.27um
in source temperature 50, 70°C and inlet temperature 20, 50°C, and the largest MMD was 2.29um in source
temperature 70°C and inlet temperature 100°C. Cadmium chloride concentration in nebulizing solution affected the
particle size and distribution of cadium aerosol in air. MMD for inhalation toxicology testing in OECD and EU is less
than 3um and EPA guidance is less than 4um. In our results, in source temperatures of 20, 50, 70°C, and inlet
temperatures of 20, 50, 100, 150, 200, 250°C were conformed to the those guidance.

Key words : Inhalation toxicology study, ultrasonic aerosol nebulizer, nebulizing solution, cadmium aerosol, particle
size, particle counting, geometric mean diameter, geometric standard devaition, mass median diameter,
polydisperse aerosol. OECD and EU, EPA
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2. 71EE olAZE UAIT1Y 84 (Particle Size Analysis for
Cadmium Aerosol)
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3. 7IEE AIHNEE 2y AJAE(Cadmium Aerosol Generation
System)
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Inlet Filterl[™ € ront Duct

Mixing Chamber Outlet Filter
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'\lnlet Duct & Damper
Aerosol
Generator
Fig. 1. Cadmium Aerosol Generation System for Particle Size
Analysis.

4. UvEelold A (Nebulizing Solution)

ABEYS 57 8ol 2 FITIEE(C54Y,
Sigma)E 0| 83IAIL 5g2 33X SFH 20l TS| SHAIA
7IER ololZEE HEAF17] A vl 8Ug TEX
AFIEECE 153296ppm) of BAg =2 @7l 0] 83IAT

5. EASH 24 (Statistical Analysis)
ARE BiY IFEAAE QORINT BASHE 242 &
P& SPSS/PC+8.0& Ol8dKICt AlRE 9 484
(One-Way Analysis of Variance)2 0|28} 2431981 74
F2 o= 0.050|AUck

g A

N EZO HHEQ 2% 20ToA Y7259 Halal w2
AZEE AFE Ase £ 13 2ok AR BF 04mol A= &
FR5 250TolA 329.92x10°0Z  71& WA 100TolA]
34856 x 100 2 71ab =Qich QA AZA 0.75moll s UTFeT
250°C ol A} 365.40 X 10°C.F 7HAH 2T 100T oA} 399.75% 10°C.
Z 7ta stk 941 AE 15moliE 4TRE 250ToHlA
25443 10°C.2 7}aF LT 100CollA] 29897 X 10°C &2 714 &=
AT UAF AA 35molAlE UTFLE 20TolA] 9.24x10°0.3
FVE GIQFTL 100°ColA] 33.22x10°C & 718 v} At 27
75molAlE UTLE 250TolA] 0.01x10°C & 7Va 2kl 15
0TolA] 0.04x10°CF 718 HUYTH

Table 1. Particle Countings for Source Temperature 20T by the
Inlet Temperatures

Midsize of Particle, um

intet
. 04 0.75 15 35 75
Temo, © N Particle Counting x 10¢
% 0 340.98 37469 269.03 924 002
+1751 +1840 +436 +454 +001
50 10 337.39 38880 30491 4071 002
+14.14 +10.15 +744 +038 +001
100 10 348.56* 39975 29897 3322 0.02
+39 +404 +289 +066 +001
150 10 339.09 38474 298.14 29.08 0.04*
+430 +178 +1472 1150  +001
0 10 33%.14 37560 27440 2227 002
+10.16 +10.28 412 +084 +001
250 10 32992 365.40 25443 1507 001
+848 +788 +750 +149 +000
33851 38150 28331 2493 0.02
Total 60

+11.92  +148 +2010 1183  +001
p<005 by One-Way ANOVA.

ololZEQ) B 2% 50TolA YT Wl we
OlIZE UAE Aes T 29 2ok AR A 04molAE LT
2% 250ToA] 338.78x10°C.2 7}AH LIQET 20TolA] 367.80%
10°0 % 718 =tk QA A 0.75moll A s Y72 250 CollA
35354 X 10202 7}& PRI 50CoIA 399.70x10°2 8 7Ha =9t
ok QA &A 15mollAs QT2 20ColA] 147.95%10°C.F 7}
A LM 50Tol A 249.65 %X 10°0.2 7¥A =t} X A1 A 35um
oA QITL2T 20TolA] 0.60X10°0F 7}&H LFT 50To)A]
613x10°02 718 Btk At BF 75molAlE 72T 25
0°CollAl 08822 7} QLT 50°CollA] 23922 7Hat EQhch

Table 2. Particle Countings for Source Temperature 50°C by the
Iniet Temperatures

Midsize of Pasticle,
Inlet 04 075 5 3% 75

Temp, © N Particle Counting x 10¢
2 0 36780 37225 14795 060 001
+845 +7.70 +943 +018 000
5 10 364.91 39970 24965* 6.13* 0.02*
+197 +2.10 +397 +053 000
00 10 35458 385.21 226.26 397 002
+1249 1220 +464 +047 000
150 10 34307 355.03 174,31 149 0.02
+1195 +940 +2.70 022 =000
200 10 MM B 37182 206.11 302 0.01
+1384 +11.16 + 1167 +021 +000
250 0 338.78 35354 149,31 106 001
+1250 1242 +1834 £036  +000
35185 37287 19227 211 002
Total 60

+1556  +£1881  +3974 196  +001
p{005 by One-Way ANOVA,

olo] ZE0] gl 2% 70TolA] UF2T 9 ¥l we
olZE A Ase E 29 Zo) A A 04molii= &
T2 20TolA] 35229x10°0F 7} RRET 50TllA] 377.27
x10°0 & 71& EUT} AR AF 0.75mollA s YTF2E 50Tol
A} 37352x 10°C 2 71A QT 100TolA] 411.14x10°2. 2 7}A
=Tt QIX} AA 1.5moll A Q72T 50TolA] 147.32X10°S.
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2 7}aF 9T 100°TolA] 328.13X10°C &2 71Ar =Qct QA &
A 35mollAlE QTRE 20TolA 076x10°02 71A Ut
100ColA] 45.07X10°CE 71 EUT) YR XF 7.5molAlE
ATLE 250TolA] 0.939F 71aH QLT 50TolA] 29992 7}
3 Ut

Table 4. Particle Countings(x102) for Particle Diameter 0.4, 0.75,
and 1.5:m by the Source and Inlet Temperatures
Source Temp, C
T'e”r'r?é 20 5 7020 % 70205 70
c Midsize of Particle, um
04 0.75 15
34098 36780 35229 37469 37225 37596 26903 14795 20024

D L1751 4845 £138 +1840 £170 +201 4% +943 +466
Table 3. Particle Countings for Source Temperature 70°C by the 50 33739 36491 37727 38880 39970* 37352 30491 24965 14732
Inlet Temperatures +1414 £197 +080 +1015 =210 *189 *744 +£397 052
Midsize of Particle, mn jp VB9 3045 B2 30075 321 41114 29897 2626 I
nlet. N 04 05 15 35 75 4305 +1249 +680 404 1220 +590 +289 464 +793
Temp, C : - :
: Particle Counting X 10° 15p K000 3407 00 A4 G 40577 2814 17431 3074
0 10 35099 37596 20004 295 0.0 +430 +£1195 =842 178 +040 802 +1472 +270 *+1738
+£138 4281  +466 026 +000 op N514 19 B4 31560 37152 707 27440 2611 2474
5 o T mm w0k o +1016 +1384 +764 1028 +1116 +1405 412 +1167 +2558
+080 #1809  +052 018  +000 pp P02 FB7B 05X A 354 BT 25443 1931 16289
0 o 3572 4l 3813 4507 001 +848 £1250 442 +783 1242 +149 +750 +1834 +1426
+£6%0 580 793 897 000 (005 by One-Way ANOVA
50 o %100 40577 3074 3420 00
;623(25 ;_%7303 +17.38 ’.;72;3 i(')%go Table 5. Particle Countings(x 10%) for Particle Diameter 3.5 and 7.5
‘ 9707 24474 A _ S Ini
200 0 3764 x1406 42558 +£165  +000 m by Source and niet Tempeg:::’;:?emp =
37052 38373 18283 140 001 '
20 0 S44  £149 142 020 +000 Inlet Temp, ___20 01 2 50 70
Total g0 B2 2120 6ET 1449 002 c Midsize of Particle, un
+£1048 1607 +6795 +1878  +001 35 75
p(O5 by One-Way ANOVA » 924" 060 225 002" 001 002
4454 +018  +026 001  +000 =000
ool ZE WY 2T YFL2EY Wilo) WE ool 2 s oo 8o 06 0o 0 06
ot AL 2 4 1 ormt X R 038 053 018  +001 =000 000
£ 9gE A E 4 % 59 2ot Rt A8 04 213 & B2 39 40¢ 0 002 001
T2% 20, 50, 100, 150, 200, 12} 250 CollAl &= 2k vrel & 0 L0e6  +047  +897  +001  +000  +000
T 50ColA] 367.80%10°, WA % 70Tl 377.27%10°, 2 A L S S
= S0CalA agd S 70T = O im0 w02 #7138 2001 000 +000
A9l 2 70°ColA] 355.72x 107, BHUS) 2% 70TolA] 361.00 % wor a3 34 00 001 00
105, 2HYS) S 70TolA 368.46X 105 T12]T WY €% 70T W0 Lom +021  +166 +001 000 =000
oAl 052X 102 745 =9HTh, 20 15.07 1.06 140 001 001 001

QA A A 0.75m 22T TR 20, 50, 100, 150, 200, 12
1 250°CollA= ZtzE BrQ) 2 70TolAl 375.96 X102, HHugl
2% 50TollA] 399.70X10°, w9 25 70°CollA] 411.14 X107, &
A9 2T 70TollA] 405.77 x10°%, whEQ) 2 70TolA} 397.07 X
10, 22T 29l 2F 70TolA 383.73x10°CE 71 EQkTh

AR AA 1.5m T211 ATF2F 20, 50, 100, 150, 200, 1&)
T 250CollAlE Z3z} Bl 25 20TolA] 269.03 %107 LY
21 20Tol4] 30491 x10°, MY SF 70TolA] 328.13 X 10%
W 2% 70TolA} 310.74x 107 2RI 2T 20ColA] 27440 X
10°, 2213 uhigl 25 20TolA] 25443X10°2.2 718} =QTh

UXF AF 3.5m 22l Y% 20, 50, 100, 150, 200, T2}
I 250TollAlE zzh whi ) 25 20Coll4] 9.24 X107 eHyel 2
T 207TolA] 40.71x10% Q1 25 707CollA] 45.07X10°, 24
2 2% 70TolA] 3420X10% 2HIQ 2 20TH|A] 2227%107%
21 29l &% 20TolA] 1507 x10°0.8 713 =itk

AAL AZF 7.5m 12l Y25 100, 150, 200, 1)L 25
0CollAlE b2t Wl 2% 20Tol|A] 248, eH9) 2% 70T
4] 299, 2HIQ 2% 20To)A] 235, 28 2 20TolA] 4.17,
HhEOl 2T 70°Col4 233, 2213 29 2% 70To)4] 0932
2 71 =Uch

+149 +0.36 +020 +000 +0.00 +0.00
*n{0.05 by One-Way ANOVA

dhelml o 2% 9] Halo) wlZ o259 JIskE Ty
Ae & 63 2rh e 2% 200CoAE YT 203 25
0ColA] 0.74mlE 718 B4 YT 50TollA] 0.79mlE
74 Zict v 25 50ColAE 2T 20TolA] 0.65mS
2 718 BRI 50TolA 0.72me 2 7Har FiTt. 2l 2% 7
0CAAME Y725 50CoA 0.65m2 = 7Ha AQEaL 100Co)
A1 0.80mC.E 71 ZiTh

Table 6. Geometric Mean Diameters(GMD) by the Source and Inlet
Temperatures

Inlet Source Temp, 'C
Teamp, N 20 50 70
¢ GMD, wm
20 10 074 + 001 066 =+ 001 068 £ 000
50 10 079 =+ 001 072 £ 000 065 = 000
100 10 078 =+ 000 071 + 00t 080 <+ O0OO1
150 10 078 + 001 068 =+ 000 078 <+ 0O
200 10 076 + 000 070 = 001 ON + 002
250 10 074 + 001 066 = 001 067 = 001
Total 60 077 + 002 068 + 003 072 + 006

p005 by One-Way ANOVA.
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dryeiml ol 259 Walo] wiE J[SIEESAR X 7
2ok 28 2 20ToM e YFE 20ToA 17128 71E
ZIUIL 50TolA] 1.800F 7Ha Zioh WA 25 50TolA e
UTRL 20TolA 1.619F 718 R 50°CoA] 1,682 7}
Z ok 489 2% 70ToAME 472E 50ToH4] 16102
VA ARQEIL 100°Coll Al 1.8122 71 ZiCh

Table 7. Geometric Standard Deviations(GSD) by the Source and
Inlet Temperatures

Inlet Source Temp, 'C

Temp, N 20 50 70

C GSD

20 0 171+ 001 161+ 001 165 £ 000
50 10 180 =+ 000 168 + 000 16! = 000
100 10 178 + 000 167 £ 00t 181" = 02
150 10 177 + 003 164 £ 000 178 + 002
200 10 175 &£ 001 166 = 001 167 £ Q01
250 10 173 £ 001 162 £ 002 163 £ 001
Total 60 176 + 004 165 + 003 169 + 008

*0{0.05 by One-Way ANOVA.

w259 Hal) wE AHEN,UBS X 8
S} Zr) 2 2% 0ToME YT 20TAA 1.75mE
7VaF QLA 50TolA] 2.25mZz 7VA Zith 2l e 2% 50T
A FLE 20CoA 1.27mOZ 71a AT 50TolA] 1.61
meE 7t itk gAY 2T 70T E YTRE 50T
127m@ 2 7FE AQEAL 100°CollA} 2.29mS 2 71A Zith

Table 8. Mass Median Diameters(MMD) by the Source and inlet
Temperatures

inlet Source Temp, C

Temp, N 20 50 70

C MMD,

20 0 17 =+ 006 127 + 003 146 =+ 002
50 0 22 £ 004 16 £ 001 127 = 000
100 10 210 £+ 001 155 + 003 229" + 013
0 10 208 =+ 017 140 £ 001 212 + 010
20 10 1%  + 002 151 = 004 156 = 007
25 10 182+ 003 13 + 007 138 + 004
Total 60 199 + 019 144 + 013 168 + 040

*p(0.05 by One-Way ANOVA.
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AE dAE detl /RS YHE gt 44sla B a4
A3 vigelold gdol Ealzlo] AR wiE B9 L&
ZEtH: YHUE oFF FRIKCOH HEs Aag 5% dF
£ u2isl B o 2 o9 29 2o} viESId 8
Hojj Balzlo] A EZY &L gkl ¢} At 220 vlE
ot Aol gt AAEES 442 piezoelectric crystald] 1 5ol
OlESI Aol ol2ig ARIE o183k ololZ2ZE wtily|
A AYEE GRS 717 AT WEEIOIA (et nebulizer)oll A
AYE AR Z718ch 744 BT ol8EIX] RalT) 1
U, 2ol 7igtg 2328 vl EehlAs dlojZ280] ks
oo wlolag w19 FHEg I nMsE I
piezoelectric transducerE AR FZsH= 71 TS 228
7168 HEsK o] BHE HEGHLA AIESL et 2 |
Tolid IS EUFSHEATE At oo BE i Ax| oAl
IHHoZ AAME AAB AAH oolREE WHAT|E
nebulizer, 11& LEITA NARE 27| el thdlof 41
ROl AESE 223 S AHpiezoelectric crysta)E AAISLE
A7)0 AEIRE QAHOFE FUAA doIZES WA=
FRE TUSIR LN dloj2ES Y Folle 1d: YHIE
(VLS]) HZA] 0|85 SUSEHE 839 &2 559 H
312 =X QE ololEES 2HIAY 4§ UA SIFEPY. Fu-
sHUHo 3PS YA 2NE o= FERE 2E 7hsdl
chedll it of gEe AXBlE olol2E0) 5L E ZEEH
AR 718 A Aol 7hsithal dh="? 2 o)
AE JIEE EEE 15329%ppmQ] WEE0l HTLS 0] &83)
AL olojEH0] == eiln olo]EE0] EHCRE F¢l
He HEQTY 25 2SI 71=E dloZ2EQ] X2
£ ¥s7E whHe HMEsigrt. e 2% 20T 9 YA A
Z 04, 0.75, 15, 35moll A Q2T 100CHIA 718 =2 A4
£ BHAL 75molAlE QFLT 150TolA 718 2 Al4g

ot el 2% 50T YA 21 0.75, 15, 3.5, 7.5moll A E ¢
T2 50ColA 718 82 AeE B 04moll e 425
20ToA NNE &2 ASE HAch 2y % 70T YA &)
ZA 0.75, 1.5, 35molAs Y% 100ColA] 71 52 ASE
HR{ I 048 75mollAlE JT-2E 50CAA 7ME 52 AsE
BT J1=8 766ppm V| BEiold A ol&F g EY
9] A3 FAFoliE w9 2% 20, 50, 2] 70ColA] L&
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