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Particle Size Analysis of Lead Aerosol with the use of 2730ppm
Lead Nebulizing Solution for Inhalation Toxicology Study

Jae Yeal Jeung®, Sung Ho Kang, Sam Tae Kim, Eun Kyoung Lee, Young Sun Song, Ki Nam Lee

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

Ultrasonic nebulizer with the application of new engineering methodology and the design of electronic circuit was
made for lead inhalation toxicology study and 2730ppm lead nebulizing solution was used to generate lead aerosol. After
modification of source and inlet temperatures, the results of particle size analysis for lead aerosol were as foliowing. The
highest particle counting for source temperature 20°C was 39933.66 in inlet temperature 100°C and particle diameter
0.754m. The highest particle counting for source temperature 50°C was 39992.71 in inlet temperature 250°C and particie
diameter 0.75xn. The highest particle counting for source temperature 70°C was 37569.55 in inlet temperature 50°C and
particle diameter 0.75zm. The ranges of geometric mean diameter(GMD) were 0.754-0.784xm for source temperature 2
0, 0.758-0.852um for source temperature 50°C, and 0.869-1.060um for source temperature 70°C. The smallest GMD
was 0.754un in source temperature 20°C and inlet temperature 20°C, and the largest GMD was 1.080um in source
temperature 70°C and inlet temperature 250°C. The ranges of geometric standard deviation(GSD) were 1.730-1.782 for
source temperature 20°C, 1.734-1.894 for source temperature 50°C, and 1.921-2.148 for source temperature 70°C. The
lowest GSD was 1.730 in source temperature 20°C and inlet temperature 20°C, and the highest GSD was 2.148 in
source temperature 70°C and inlet temperature 250°C. Lead aerosol generated in this study was polydisperse. The
ranges of mass median diameter(MMD) were 1.856-2.133um for source temperature 20°C, 1.877-2.894um for source
temperature 50°C, and 3.120-6.109um for source temperature 70°C. The smallest MMD was 1.856um in source
temperature 20°C and inlet temperature 20°C, and the largest MMD was 6.109zm in source temperature 70°C and inlet
temperature 250°C. Slight increases for GMD, GSD, and MMD values were observed with same source temperature and
increase of inlet temperature. MMD for inhalation toxicology testing in EPA guidance is less than 4um. In this study,
source temperature 20°C and 50°C with inlet temperature from 20°C to 250°C were conformed to the EPA guidance, but
inlet temperature 20°C and 50°C for source temperature 70°C were conformed EPA guidance. MMD for inhalation
toxicology testing in OECD and EU is less than 3um. In this study, source temperature 20C and 50°C with inlet
temperature from 20°C to 250°C were conformed to the EPA guidance, but none for source temperature 70°C.

Key words : Inhalation, ultrasonic nebulizer, nebulizing solution, lead aerosol, particle size, particle counting, geometric
mean diameter, geometric standard deviation, mass median diameter, polydisperse aeroso!
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EUYSH ATE I8 2730ppm & WIEESPI Sl WP oloj2F9] AFEYH

300ug, TH7 | ZRE] EUOTHE] oF 30ug, TA 3302 HE
HhL YT ARBCL I TAl0l AFSHE AlFS] ZAIAE
Holo] mhd &7 E2F 15mg, SETEREH Sng, SAEEHE
100ng] Y MG Yot it} 015 T Hol sl FUE
gO] oF 29%7F O] oF 8%t 71l A gy ot &
$82 o YA 219 BAZ AeH Batdteloide dXS
Aol 1mQ) YA AEMgo| 7+ O
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AdA 71a EQ3 BE & shit AIgdLxt ole 889 &
718 YAETIS EFolct. #71 Bol BR{E AE A
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1 g ooiZZE why Al~"9l 4d(Constitution of Lead
Aerosol Generation System)

AlAES] UEY AAL 150mo| QL WS 74 FHS 6
7S] Zthd(traverse poin)S AAs EFsIGATY. XA
f&2 05%0IRL FEY FFole B4 VIR 5V
(VelociCalc Plus Air Velocity Meter Model 8385, TS)E 0|86t
Aok o] BUEY ATE A dlol2E WX} ZZ Al
A”l0] e T¥ 13 2 a 220 viEEolA, viEetold &
B 7idE) e FIEIQ WE 4TE 71EE AT SIH
(Tubular Heater Type SS, Tempco) J12]31 Z¥Ztof) th$h 2% &

A7)(Thermostat TS-3205, Thermtrol), J8)1 SE7I12 7485
o} rh BUE oojZE AIEARY FEEH2 0.100mOlR
Th A|AES Aol MEH o ZE 558 LA|F) LA} Tiek
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Fig. 1. Constitution of Aerosol Generation System.
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W RAEXA, BRI E, oY) 5F7), £87] ZEY SHE FEEH
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2 g ololZ2Z g s uiETiold &% (Nebulizing
Solution for Lead Aerosol Generation)
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(Calculation of Geometric Mean Diameter, Geometric Standard
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4. whiE g oloj2E9 4AY A9 £F(Counting and
Measurement of Lead Aerosol with Particle Diameter)

UAL Ao WE A$E 5 A YAt 7HSE (Particle
Counter KC-01C, Rion)E 0]83Ich 237+0] At ZZol tigh
AfE £EZEAM 52 B SAlol 37183 0.042 ¢ (42m8)0)
thal SEsIem 108) YFEEEE BHAIEE o]0kt
LA 2T JTREE HEsINE e 240 302 S
AL QY3 Fol cln)EE S AAIsk AlAE) e #
3 & 24g Qs ABE W] A B FFE AAlski

5. EASHY E4d(Statistical Analysis)

ARE By EEAAZ QBRI BASE 22
T28 SPSS/PC+8.0S ol83lrt ARe €9 2A4R
{One-Way Analysis of Variance}S o]83l 243131 79
F2 o= 0.050]UCt

4 £

2

ol 2E9) 2l 2F 20To)A YT 2T Halol e
olo]2E U AsE T 13 2o} 4A 3F 04mollis ¢
LT 200ColAl 33389528 YA WAQET 20COlAM 3476168
7V =Tk UGA AF 075molAE LFRT 200TolA
38325912 7}A QL 100 CollAt 39933.662 2 71a =ttt ¢
A} AE 15mol e AT2T 20ColA] 28634.58F 717 HAUAL
100°ColA) 29943700 2 7V& =Tt YA A 3.5moAles
% 20TolA] 1647.282 7VA LQEAL 200°CollA] 3234.272 7}
& =Tt AXF AF 7.5moliE T2 100C8 3.162.2 7}
A W9k 150°CollA] 4142 71A E=Rkh

Table 1. Particle Countings with Particle Diameter by Source
Temperature 20°C and Inlet Temperatures

el Midsize of Lead Aerosol, um
Temp. C N 04 0.75 15 35 75
Particle Counting

76168 3348408 2863458 164728 354
+61754  + 29614 * 2454 = PM =14

50 10 4420 3932303 2899449 22620 397
42574 £ 49798 + 35688 £ 3902 £019

100 0 %904 3993366 2994370 256953 316
+58913 & 5B + 97247 £2R%P 094

g0 1o MTI9 382000 0978020 276378 414
+31350  * 6118 *102273 +69033 03"

200 10 3338952 3832691 29705.27 323421 394
+49518 £ 3436 + 9907 2324 £050

250 10 05967 3863149 2975811 307588 404
472593 122979 £ 68555 10756  £038

Total 0 3434985 3910303 2947090 258616 380
+73849 + 83434 + 80220 £61644  +071

“P(005 by One-Way ANOVA

20 10

A 2E9] WY 2T 50ToA LT2T 9 Halo) u}
2 QoBE QAR A4E Table 28 20} YA A 0.44m
Al YFLE 20To)A] 32634.362 2 J}A LT 250 C ol
A] 34457782 7}& =T LA RE 0.75mol e ATFRE
20ColA] 373507322 1A 2Qka 250C o)Al 39992718 7}

L0127 - 84 - ol7le

A =9k AA AF LimoAe YF2T 20TolA
27341722 7VAF QYA 250TollAd 33976.128 7vE EUTH
AXt B 35mollAE UTFRE 20TolA] 1655.082 7t
OriL 250°Co)A] 82381002 7}& =UCh QAL AF 7.5mol
A QLT 250ColAl 31282 7AWk 150°ColA] 4.10
SZ M EYch

Table 2. Particle Countings with Particle Diameter by Source
Temperature 50C and Inlet Temperatures
Midsize of Lead Aerosol, wum

04 0.75 15 35 75
Particle Counting

20 10 326343 3736073 2734172 165508 372
+20856 £ 40275 £ 9199 £ 4202 + 03

50 10 3385147 342514 2791538 207366 401
+71505  £106206 + 43044 <+ 27542 + 036

100 10 3204890 3787551 2803137 302906 380
+18145 £ 240656 £ 40932 £ 30076 + 026

150 10 3306527  3BI7818 2960723 316067 410
+41897 £ 35775 £ 67779 + 28346 =+ 047

200 10 3336028 3864942 3171684 565824 401
+23386 £ 27838 + 53231 + 46830 =+ 043

250 10 3445778 3999271 3397642 823810 32
+33643 £ 28196 + 19903" + 24360° + 071

Total 60 3338634 3841195 2991461  3969.13 3
+72546 & 96496 234731 +233024 =+ 055

p(005 by One-Way ANOVA.

Inlet N
Temp, C

JOIZES LY 2% 70ToA UYTF2EY HHgll e
oolZE gy Ags T 33 2ot (UL 2 04moliE o
FL% 250TolA] 29289.60CF VA LU 50TolA] 31481.52
Z 74 Ednt 94X AF 075molAs 42T 250TCollA
34469.330 2 7}AF 2L 50°ColAl 37569.55% 7HE =Et. ©
A A 1.5mollAle AT2E 20To)A] 31324.182 1A 2L
150°CollA] 34710522 7va YTt A 218 35molAlE
2% 20CollA] 8577158 1A Wil 200THlA] 24306.042 7}
A =9th U& B 7.5molAE YTRE 20To4 1.398 7t
A QX 250 ColAl 122778 7V& Tk

Table 3. Particle Countings with Particle Diameter by Source
Temperature 70°C and Inlet Temperatures
Midsize of Lead Aerosol, wm
04 0.75 15 35 75
Particle Counting

20 1o 3067626 3547958 3132418 8577.15 406
. 138716 +161977 £118795 + 64476 + 046

50 10 3148152 3756955 3279595  10099.40 344
+ 5208 * 8707 x 43471 £ 12925 08

100 10 3069804 3549106 3301994  15599.38 139
+ 84338 + 96063 + 84288 320072 £ 079

150 10 3089629 3635985 3471052 2323412 4478
+ 20527 £ 30898 & 61940 <+ 19520 £ 28

%0 10 3045230 3536837 3402732 2430604 10367
+ 53978 + 51282 + 63728 £ 58387* % 673

%50 10 2928060 3446933  33077.96 2405648 12277
+ 56860 + 63303 & 48382 + 52014 +2620°

3058233 3578962 3315931 1764543 4668
+ 99440 +131069 128132 676812 *51.17

*p(0.05 by One-Way ANOVA
olo]Z2EQ) wlel 259 AF2L9 Wl WE oo

Inlet
Temp., C N

Total 60
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EYSY dTE A 2730ppm & viEEI0lE BllolA] WAE ool ZEQ) JF R

ZE 98Y A4t Table 4 W 59 Zch X} 2 0.4/m 18]
I YT 20, 50, 100, 150, 200, L&) 250 CollAl &= 2bzt wt
A 2% 20TollA] 34761.68, W) S 20Tol|A] 3444202,
M9 2T 20ColA] 34999.04, WA 2T 20TolA
34447.19, YHBQ 2T 207CollA] 33389.52, 1| a LY 2%
20°Coll A1 34059.67% 7HE =Tt LA A 0.75m 1ol Y
F2% 20, 50, 100, 150, 200, 12| AL 250 CollA &= Ztzt whyQ)
25 20°TollA] 39484.08, HHIQ) 2T 20TojlA] 39323.03, LY
9 % 20TollA} 39933.66, WYL 2T 20Toll4] 38920.00, 12}
Ao 2T 50TolA] 3864942, 112]1 w9l 2% 50°Col4]
39992712 7ba BT At AE 1L5m 22l1 AFRE 20,
50, 100, 150, 200, 12} 11 250TCollAle 212} 2iQl 2% 70T
ollA] 31324.18, a9l 2% 70°ColA] 3279595, eyl 2% 7
0Coll4] 33019.94, eHi¥l T 70°TCollA] 3471052, whil F
70ColA] 34027.32, 811 2Y % 50ColA] 3397612
7var =/t

Table 4. Particle Countings for Particle Diameter 0.4, 0.75, and 1.5
um by Source and Inlet Temperatures

Table 5. Particle Countings for Particle Diameter 3.5 and 7.54m by
Source and Inlet Temperatures

Source Temp, 'C

Inlet Temp,, 20 50 70 20 50 70
C Midsize of Lead Aerosol, um
35 75
164728 165508  8577.15 354 37 406
= +3344 4202 64476 104 +038 +046
222620 207366 1009940 397 a0 344
0 +3902 27542 +£12925° £019 £036 087
256053 302906 1559938 316 380 139
® +23292 30076 +£320072° *094 #0266 *079
276378 316067 2323412 414 410 4478
0 +69033 28346 +£19520° +£031 047 286"
323427 565824 2430604 394 401 10367
20 £23249 +46890 +58387" +£050 +043 673
- 307589 823810 2405648 404 312 12277

+10756 +24360 £52914* 038 071 2620

Source Temp., C

et 50 70 20 50 0 20 50 0
Temp.,

C

Midsize of Lead Aerosol, um

04 075 15
3476168 3263436 3067626 3048408 3735073 3547958 2863458 2734172 3132418

O T T T T T T
61754 285 138716 20614 40275 161977 27454 919 1187%

3444202 3385147 3148152 3032303 3642514 3796956 2890449 2791539 3279595

+ + + + + + + + +
42574 71595 52082 497.18" 106206 84707 35888 404 43U
3490004 3204890 3069804 3933366 37875.51 35491.06 2804370 2893137 3301994

+ + + + + + + + +
56913 18145 84338 53502 24066 96963 97247 40032 84288
3444719 3306527 3083629 3892000 3B178.18 3635985 2978922 2960723 3471052

+ + + t £ * + + +
31359" 41897 20527 61186" 35775 30898 10278 67779 61940

3330952 3336028 3045230 383591 3864942 3536837 2970527 3171584 34027.32
+ + +

+ + +* i + t + +
4618 23386 53978 3436 27838 51282 9907 5R31 68

3405967 3445778 2328960 3863149 30999271 3446933 29758.11 33976.12 3307796
Mo T + o+ & %
7583 3643 56960 122979 28196 63303 6855 19003 488

*p(0.05 by One-Way ANOVA.

QUXF AH 35um I T YTLE 20, 50, 100, 150, 200, 1
211 250°ColAE ZH2 2l 8% 70CollA 8577.15, 2yl
2% 70TolA] 10099.40, eI 2% 70ColA] 15599.38, Wil
9 21 70°ColA] 2323412, 2HUQ 2T 70°CollA] 24306.04, 1
21T eMEQ 2% 70TolA] 24056.4852 VAN =T QAL A
A 75m J2)I YFLE 100, 150, 200, 18] I 250°Coll Al 2}
2} bl 2% 70°Tol A 4.06, WY 25 50TollA] 4.01, 2kl
9 @ 50°ToA] 3.80, wHUS 2T 70°ColA] 4478, 2R &
T 70ColA] 103.67, 813 2HY) 85 70TolA} 122772 7}

T =AUk

*0(005 by One-Way ANOVA

BT AT 259 Hale wE dloZ2E9 75Ty
A2 E 67 o) 24 2% 20TolAE YT RE 20TollA]
0.754;mQ. & 7VAF R 200°CollA) 0.784mS 2 7+aF ZiTt. 2
2 2% 50ColME YTFEE 20ToA] 0.758mOE 7Ha At d
250°CollA) 0.852m@ 2 7VA ZTh ghilQl 2% 70ColAE P
2% 20CollAl 0869mQE 7¥aF ZH4TL 250THlA] 1.060mO.E
7ha Ziet 2 AT RE 2% Fulol wiet 71sHE d i Fol
Er18le dgo] ANk

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

Source Temp, C

Inlet .Lemp., N 0 o o
Geometric Mean Diameter,
20 10 0.754£0002 0.758 0002 0869+0.012
50 10 0.764%0.002 0.759£0005 0.885+0.005
100 10 0.769+0.006 0.780+£004 0954+0035
150 10 0.773+£0.007 0.777+£0.004 1.037+0.003
200 10 0.784+0.004* 0.820+0.005 1.053+0.007
250 10 0.779+0.005 0.852+0.006" 1.060+0.006
Total 60 0.770£0.01 0.791£0035 0.976+0.080

*0(005 by One-Way ANOVA.

2T T 259 HEl wiE JIgIEEHAe £ 734

Q) 25 20ToMe d7F2% 20TolA 1.730C % 7t
IQFT 200C oA} 1.7828 7}AF 2Tk 2hiQl 2% 50°Co)A
|T2% 20°ColA] 1.7342 71&F BIQEL 250°ColA] 1.894F 7}
Tl 2482 2% 70CoAM e Y725 20TColA 19218 7}
IQFT 250C oA 214882 7VE iTh

*

>

J

b

oo orir oo omy
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il
30
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Table 7. Geometric Standard Deviations(GSD) by Source and Inlet
Temperatures

Source Temp., C

Ten’{;‘f‘ c N 2 50 70
Geometric Standard Diameter
20 10 1.730+0.002 1.734£0003 19210010
50 10 1.743+0.003 1.745+0.008 1.939+0.007
100 10 1.759+0.007 17770000 2.037£0.053
150 10 1.768+0.021 1.783£0009 2.125+0.004
200 10 17820007 1.845+£0010 2.145+0.005
250 10 1.778+0.006 1894+0003" 2.148+0.009
Total 60 1.761+£0020 1.796+0057 205310097

“0(0.05 by One-Way ANOVA.

unielsl @ 29 Hilo) whE AYEAsUFE 2 E 89
2ol 24 2 20TolME YdT2% 20ColA 1.856ml & 7t
A 24T 200CoNA 2133mS 2 JHar ZITh 239 2% 50Col
Ale YUTRT 20ToA 1877mlE 7MY QUL 250°CAHA]
2894mO 2 712 it w9l 2% 70TColl e YT RE 20T
A 3.120mO 2 ZVA AR 250°ColA 6.109me 2 71A ZiTh.

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

Source Temp., C

Inlet Temp, C N 20 50 70
Geometric Mean Diameter,
1856 1877 3120
20 10 +0007 +0011 +0092
5 0 1948 1923 329
+0011 +0,039 +0044
2000 2100 4391
100 10 +0037 +0,044 +0616
2048 2116 5,687
150 10 +0.101 0,044 +0060
2133 2521 6023
200 10 +00%" +£0062 +0.101
2100 2894 6.109
250 10 +0087 +0083" +0144
2014 2239 4771
Total 60 +0.105 +0.364 1277

*p(0.05 by One-Way ANOVA.

al z

EYUEHEETNA ETFEHLAL Ghz RAIE O Z2ER WY
A7) ThEoll AFALL ehotor & 71E Q3 Hae wlE o
o2& YA ATjoltt o] s ALY 271§ F-5ke Wl
£ Anderson Cascade Impactor, &3} - HX} ¢old S ol&dh=
e & o 7T leu EFIE0] HAEL Al Zi
7} Bo] AQ%ct FYSEATAME YA 2717} Sum(Y Rt
A), 4um(EPA), 3;m(OECD%} EU) 0]4} 211 0.3ym 015+ Xt
of tisiAE 2 940l YA o2 Ak, Hindsoll A5’
Zgat vigelolXolx 448 4 Us diHEZE UAY B
AYEA,UE 510mele & 7oA 48 7IEE dAE
£9] 4ol g7 =g MAsHE o] HY Hrt 22 olxs
piezoelectric crystald] £4, 7|5 E9 Y9 Alojk UX Tk gt

YA T E Z7/NAH XS0} o2& WA] oIEE £
23} ollidX|e & £4g UWAaAFA F HER {YE7 Mo
712 A~ E HEA BE-857199 Tl 71018 AFE
B2} o]2 Y2 tiE dFolA AILEA AT B o
TFoli] 8% vlEziold F9olA 8HE 7124171 Wiy
AT HEQ 712 Hol tid FU 54 AT EPAS}L OECD
9 N1F* Bshe YF9 g olol25e wAFIEd HEt
3l 2712k piezoelectric crystal®] W3} o9l T AT}
ATFY 2T E HIKIA AFAY) o]88 &= A= YBE e
tl o}F F8% Yozt LBy,

S-S50 A™E YAl F7)1E o= BEKE £
B 7iedich=d Aok o] WHE ARSI oo ZES 555
ZE5M YR Z7E £HskE Aol shssichal ke
2 dAFolAle 2730ppm & WlEE0E EUE 0]8519.T oo
B2Eo0] s e T olo]ZEo} RACE FYUFE HE
AT SLEE £HSIH o olHZEY AXIAE HIAT)E
2 g HEB3IRCE AEHol wE Ao BE)A] HH
Q) 2% 20CollAl= YA 21F 3.5mE AQEHE 7259
&7kl WE As E719 FES i) gle 2 5
0ColAlE 04, 0.75, 1.5, 3.5, I2] X 7.5um ZE A A ZollA ¢
T2E BVl wie} YAASRS £7) Zakdo] Belsict why
A 2% 70ColMe 3.59 7.5m YRR ZolH dF_EY F7t
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