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Design of Aerosol Generator for Inhalation Toxicology Study of Lead
and Evaluation with Real Time Monitoring
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This paper was the design of aerosol generator for inhalation toxicology study of lead and evaluation with real time monitoring,
and applied several engineering methodology to classical aerosol generator to cope with it's disadvantages. According to the testing
conditions, source temperature 50T and inlst-duct band heater temperature 150°C, aerosol generation results for sodium chloride and
lead acetate were as followings: CPM(Count Per Minuie) for Bodium chloride that used for the testing material in aerosol generation
and inhalation system was decreased in the 2nd and the 3rd hour's serial trials, but CVs(coefficient of variation) were maintained within
i0%. CPMs for 5 and 2.5 gram of lead acetate that usad for gerosol generation and inhalation exposure of lead showed similar results
because of the sedimentation of lead acetate on piszoslectric crystal with time. For that reason, heating and mixing of nebulizing
solution will be needed to generate lead aerosol with siable profile and maximum generation efficiency. Fluctuations of 10 and 5 gram
lead acetate were low but 2.5gram was high. However, CVs for 10, 5, and 2.5gram lead acetate were within 10%. Considering the
theoretical efficiencies for sodium chioride and lead acstats, S5gram sodium chloride and 2.5gram lead acetate were appropriate choice.
Aerosol generation characteristics for two materials with 1 hour interval were different with respect to the fluctuation of CPM and the
decrease to 10gram in is material. For that reason, sogium chloride can not be used to estimate the aerosol generation and it's
related parts for lead acetate. According to the tesfing conditions, source temperature 20, 50, 70°C , and inlet-duct band heater
temperatura 20, 50, 100, 150, 200°C, aerosol generation results for sodium chioride and lead acetate were as followings: Excluding
inlet-duct band temperature 200°C, maximum CPM for sodium chloride was manifested in source temperature 70°C with each inlet-duct
band temperature conditions. We suggest that this congition was the optimum in the design of aerosol generator, inhalation system,
and the testing. Maximum CPMs for 10, 5, and 2.5gram sotlium chloride were from source temperature 70°C and inlet-duct band
temperature 20°C. Excluding inlet-duct band temperature 50, 200, maximum CPMs for lead acetate were indicated in source
temperature 50°C with each inlet-duct band temperature conditions. We suggest that this condition was the optimum in the design of
aeroso! generator, inhalation system, and the testing for lead inhalation study. Source and inlet-duct band temperatures for 10, 5,
2.5gram lead acetate were 50 and 100°C, 50 and 100°C, 50 and 150°C, respectively. In conclusion, considering above 2 paragraphs
of results for aerosol generation, Sgram sfficiencies for sodiym chioride, lead acetate were higher than 2.5gram’s. if inlet-duct band
temperature was same, aerosol generation was increased with increase of source temperature. To get maximum aerosol generation
will be the conditions that set the appropriate inlet-duct band temperature for each materials and increase the source temperature.

Key words : Inhalation Toxicology, Aerosol Generator, Real Time Monitoring, Lead, Inhalation Exposure.
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Table 1. Count Per Minute for 3 Testing Materials with Running Time
Count Per Minute, CPM

Tm”g‘gur N Sodium Chloride
10g* 59 250
1 5 751841476 S4119£1091 208454637
) 5 7123041586  5389+1211 271204623
3 5 6889141671  S3174+1181  27649+609
4 5 TATARE1619 545031197 288734650
5 5 7068041506  54068+1187  30184*+646
Total %5 70150434  53%51+1327  287.34+1349
oV % 338 247 470
| ead Acetate
109* 5¢* 259"
1 5 30740+784  13857+2%5 104274239
? 5 AMAETH 147454308 10700246
3 5 37080+830 14745310 11279249
4 5 33074845 14253432 11365237
5 5 UTTOEBIT 14184109 11742424
Total %5 3I665+0420 14357448 111034533
oV % 643 312 480

*p(0.05 by One-Way ANQVA.

Table 2. Fluctuation of Count Per Minute for 3 Testing Materials with
Operating Time

Fluctuation. %

Ti?n“e’?”g‘gm N Sodium Chioride

109 50 254
i 5 069+204 087203 3864221
2 5 1004220 2354205 561216
3 5 4323 0884220 3774212
4 5 379+2.24 158+223 048226
5 5 093209 077+221 504225
Toa % 0004338 000+047 000+460

Lead Acetate

10g 59 250
1 5 553008 348006 608+216
2 5 731210 2704215 3604221
3 5 083222 2704216 1584004
4 5 600224 072024 236+213
5 5 766016 1204203 576+218
Total % 000+643 000+312 000=480

*0{0.05 by One-Way ANOVA.
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Table 3. Decrease of Count Per Minute to 10 g for 2 Testing
Materials with Running Time

Decrease, %
Sodium Chloride

Operating Time, N

Hour
59 259
1 5 2485+151 -5855+0.68
2 5 2125"+1.68 62.34°+086
3 5 -26.16+164 -61.60+084
4 5 2431+166 -5990+090
5 5 -2492+164 -58.08+0.89
Total 25 2550+ 184 -60.09+ 187
Lead Acetate
59 259
1 5 -6320"+0.78 -1231*+£063
2 5 -60.85+0.82 -1158+065
3 5 -60.85+0.82 -71005+066
4 5 -62.15+085 -69.82+062
5 5 62.34+0.77 -6882+064
Total 25 -61.88+1.19 -71052+141

*p(0.05 by One-Way ANOVA.
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Table 4. Count Per Minute for Sodium Chloride with Operating
Temperature and Quantity

;?f‘,‘é’eé} Operating Temperature of nlet and Duct's Band Heater, 'C
souce, N 20 50 100 150 20
C Count Per Minute for 10g, CPM
20 3 1786611504 210004000 20000+000 22666577 24000+000
5 3 23333577 26000+000 29000+£000 31000+£000 360.00"+£0.00
70 3 46666%577 40833°+£577 310.00°+0.00 35000 +000 43334577
Total 9 2928813274 291.11£8695 266.664:5074 295.55+54.56 314445637
Count Per Minute for 59, CPM
20 110.00+000 13000+000 14000000 163331577 19000+0.00

70 32666"£5.77 22000°£0.00 20000° =000 21666'+5.77 23000°+000
Total 192.22-101.70 1666614032 166.66+2645 1844442505 200002291
Count Per Minute for 25g, CPM
9000+£000 9333577 10666577 12000+000 130.00+000
50 9666+577 90.00+000 106664577 120001000 12000+000
0 18333 +5.77 15333 +5.77 13000000 13666"+5.77 13333 +5.77
Total 9 12333+4527 1122043113 11444+12.36 12565+881 127.77+666

*p¢0.05 by One-Way ANOVA,

3

50 3 14000+000 15000000 160.00+000 17333577 18000+000
3
9

20

W W w

Table 5. Count Per Minute for Lead Acetate with Operating
Temperature and Quantity

Temper- Operating Temperature of inlet and Duct's Band Heater, 'C
ature of
Source, N 20 50 100 150 200

C Count Per Minute for 10g, CPM

20 18000+000 23666" 577 226861577 16666577 16666577

70 27000+000 18333+5.77 18000+000 130004000 12000000
Total 2433314769 2066612397 2355515246 16888+3480 16222+3492
Count Per Minute for 5g, CPM
20 3 8333577 9333577 9000+000 12000000 13666"+577
50 3 17000'+£000 16000*+000 180.00*+000 14333 %577 13000+000
3
9

3

50 3 28000°+000 20000+000 300.00°+000 21000*+000 200.00*+0.00
3
3

70 120004000 12000+000  9000+£000  8000+000 7000+0.00
Total 124443178 1244412920 120004500 114442788 11222+31.92
Count Per Minute for 259, CPM
6666+5.77 7666+577 7000+000 6000+£000 7000000
11333*£5.77 10000"+000 9000000 12666*+577 90.00*+000
70 9000+£000 7333+577 5000000 5000+000 4000+0.00
Total 3000+2061 8333+1322 7000+1732 7888+36.20 66662179

*0¢0.05 by One-Way ANOVA.
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2EE 0CoIUCHIB4S 87 HIWA| 58.34% FEE).
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Table 7. Decrease of Count Per Minute to 10 g for 3 Testing
Materials with Operating Temperature and Quantity

Temper- Operating Temperature of Inlet and Duct's Band Heater, 'C
e s N 2 50 100 150 20
c Decrease for Sodium Chloride 59, %
20 3 -3843+000 -38.09+000 -3000+000 -2794+254 -2083+£000
50 3 -4000°+000 -4230+000 -4482*+000 -4408*+186 -50.00*+£000
10 3 -0M0+123 -4645'+000 -3548+000 -3809+164 -3300+000
Total 9 -3614%469 -4135+319 -3677+649 -3670+7.28 -A61+1268
Decrease for Sodium Chionde 259, %
20 3 -4962+000 -5556+274 -4666+288 -4705+000 -4583+000
50 3 -5857+247 -6538"+000 6321199 -6129"+000 -66.66°+000
70 3 B0 +123 6198+143 5806000 -6095+164 6116168
Total 9 56304527 -6097+459 -5598+754 -5643+708 -5/83+938
Decrease for Lead Acetate 50, %
20 3 -5370+320 -6056"+243 -6020"+000 -2800+000 -1800+346
50 3 -3928+000 -2000+000 -4000+000 -31.74+274 -3500+000
70 3 5555000 -M54+000 -5000+000 -3846'+000 -4166'+000
Total 9 -4951£787 -3836+1783 -5009+878 -3273+£479 -3155+10.70
Decrease for Lead Acelate 253, %
20 3 -6296+320 -6760"+243 -69.11+000 -6400*+000 -5800+000
50 3 59524206 -5000+000 -7000+000 -3968+2.74 -5500+000
70 3 -6666"+000 -6000+314 -7222°+000 -6153+000 -66.66"+000
Total 9 -6305+363 -5920+790 -7044+138 -5507+1167 -5083+524

*0{0.05 by One-Way ANOVA.
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