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APPENDIX

CALCULATIONS AND SOURCE TEST DATA

This Appendix presents data from references 4 to 9, 11 to 14, 16, 17,
and 18. With the exception of reference 16, which is a journal
article, each reference begins with a copy of the reference cover page
with the reference number indicated on the bottom, and is followed by
a computer spread sheet prepared by MRI showing the conversion of
data to emission factors and copies of the data tables from each
reference,
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lant:

Cargill East, Cedar Rapids

DATA SHEET

Date
nalvsis

7/25/79
6/29/79
2/25/79

6/29/7%
7/18/7%
7/25/79

7/25/79
7/3Y/79
1/18/79

7/18/79
7/18/78
6/29/79

7/18/79
7/18/79
7/18/79

1/25/79
6/29/79
7/18/79

7/25/79
7/25/78
- 7/25/79%

7/25/79
7/25/79
7/18/79

7/31/79
7/18/79
7/25/19

7/25/7%
6/29/79
7/18/7%

(A) Duplicate injection of this sample produced a 5 to 10% difference.

(B) Duplicate injection of this sample produced a difference greater

(B}

(A)

Sample No.-Location

133

134
135

136
137
138

138
140
141

142
143
144

145
146
147

148
149
150

151
152
153

154
155
156

157
158
159

160
lel
162

than 10%.

D.T.
D.T.
D.T.

Milling
Milling
Milling

Cooling
Cooling
Cooling

D.T.
p.T.
D.T.

Milling
Milling
Milling

Cooling
Cooling
Cooling

oog
=33 -3

Milling
Milling
Milling

Cooling
Cooling
Cooling

DQTD
D\Ti
D.T.

Sample

Date

6/21/7%
6/21/79
6/21/79

6/21/79
€/21/79
6/21/79

6/21/79
6/21/79
6/21/79

6/21/79
6/21/79
6/21/79

6/21/79
6/21/79
6/21/79

6/21/79
6/21/79
6/21/79

6/21/79
6/21/79
6/21/79

6/21/79
6/21/79
6/21/79

6/21/79
6/21/79
6/21/79

6/21/79
6/21/7%
6/21/79

A-5

Date:

Time

10:
10:
10:

10;
10:
10:

10:
10:
10:

11:
11l:
11

11:
11:
11:

11l:
11:
11:

12:
12:
12:

12:
12:
12:

12:
12:
12:

b

June 21, 1979
Wet WL. Wet Dry
(g) {vg/g9) (ua/g
pm 2.71 290 380
pm 3.20 S80 750
pm 2.72 340 41¢
pm 3.57 110 140
pm 3.10 80 l1o¢
pm 3.36 66 7z
pm 3.28 91 11¢
pm 3.66 73 8~
pm 2.96 110 13¢
pm  3.01 34 4.
pm 2.39 310 38’
pm 3.34 . 500 64
pm 2.49 g1 11
pm 2.51 73 8
pm 2.68 77 9
pm 1.85 73 g
pm 2.35 110 1z
pm 2.23 110 1z
pm 2.15 460 62
pm 1.71 420 57
pm 2.00 390 qf
pm 2.67 81 1«
pm 2.65 70 :
pm 3.02 74
pm 1.96 92 1.
pm 2.20 120 1
Pm 1.71 100 1
pm 3.12 170 2
pm 1.54 260 2
pm 2.06 230 2




.nt L

Cargill East,

Cedar Rapids

DATA SHEET

ate

lysis

19/79
.8/79
25/79

25/79
15/79
25/79

.8/7%
18/79
.8/7%

15779
.8/79
15/79

31/79
-8/79
31/79

:8/79
’5/79
19/7¢9

31/79
31/79
25/178

29/79
25/79
29/79

29/79
25/79
29/79

29/78
25/79
25/79

25/79
29/79

31/79

)  Duplicate injection of this sample produced a 5 to 10% difference.

(A)
(A)

(A)

{R)

Sample No.~Location

163

164

165

166
167
168

169
170
171

172
173
174

175
176
177

178
17¢9
180

1gl
182
183

184
185
186

187
188
189

190
191
192

193
194
195

Milling
Milling
Milling

Cooling
Cooling
Cooling

D.T.
D.T.
D.T.
Milling
Milling
Milling

Cooling
Cooling
Cooling

Ououo

T.
.T.
T

Milling
Milling
Milling

Cooling
Cooling
Cooling

voo
e R ]

Milling
Milling
Milling

Cooling
Cooling
Cooling

Sample
Date

6/21/79
6/21/79
6/21/79

6/21/79
6/21/79
6/21/78

6/21/759
6/21/79
6/21/79

6/21/79%9
6/21/79
6/21/79

6/21/79
6/21/79
6/21/79

6/21/79
6/21/79
6/21/79

6/21/79
6/21/79
6/2:1/79

6/21/79
6/21/79
6/21/79

6/21/79
6/21/79
6/21/79

6/21/79
6/21/79
6/21/79

6/21/79

6/21/79
6/21/78
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' Date: June 21, 1979
Wet Wt. Wet Dry
Time (g) (vg/g) (vg/g}
1:08 pm 2.77 130 160
1:08 pm 2.62 B4 95
1:08 pm 2.44 83 97
1:13 pm 2.8B9 120 170
1:13 pm 2.83 100 110
1:13 pm 3.34 100 118
2:00 pm 1.89 130 170
2:00 pm 1.86 130 170
2:00 pm 1.86 100 120
2:03 pm 2.11 67 77
2:03 pm 2.67 75 88
2:03 pm  1.95 76 87
2:07 pm  1.54 170 240
2:07 pm 2.11 130 150
2:07 pm  2.09 100 130
2:07 pm  1.97 51 64
2 Z:07 pm 2.18 52 71
4 2:07 pm .94 87 120
3:04 pm  2.78 62 78
3:04 pm 2.50 60 74
3:04 pm 2.43 60 76
3:00 pm 2.90 140 170
3:00 pm 3.1 91 110
3:00 pm 3.02 150 170
4:00 pm  2.74 78 110
4:00 pm 3.79 49 65
4:00 pm 1.97 86 110
4:05 pm 2.69 110 140
4:05 pm 2.14 64 71
4:05 pm 2.51 61 67
4:08 pm 3.32 79 B7
4:08 pm 2.74 150 170
4:08 pm 3.51 79 100
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TABLE 1. HEXANE CONCENTRATION IN MEAL SAMPLES
AT CARGILL WEST, CEDAR RAPIDS, IOWA

(Highest measured value only)

Hexane concentration

Sample wet dry

site ug/g rg/g Date of analysis
DT 2,800 3,000 7/24/79
Cooler 880 960 6/29/79
Flour Mill 89 200 6/29/79
Flash DT 6,100 6,700 6/29/79
Meal Post Grinding 150 180 7/12/78
Flash - After 780 880 7/12/79

Schneckens
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United States Office of Air Quality EMB Report 79-VEG-6b
Environmental Protection Planning and Standards

QOctober 1979
Agency Research Triangte Park NC 27711 m
Air

Vegetable Oil Production
(Meal Processing)

Emission Test Report
AGRI Industries
Mason City, lowa
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Umited States Office of Air Quality EMB Report 79-VEG-6h
Environmental Protection Planning and Standards October 1979

Agency Research Triangle Park NC 27711 %

SEPA Vegetable Oil Production
(Meal Processing)

Emission Test Report

Cargill,Incorporated
Fayettevilie, NC
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REFERENCE 7 CALCULATIONS FOR HEXANE CONCENTRATION IN SOYBEAN MEAL

CoL1 CoL 2 coL 3 CoL4

SOQURCE/ HEXANE CONCENTRATION GALLONS OF HEXANE PER LITERS OF HEXANE PER

RUN NO. IN PPM TON OF RAW SOYBEAN PROCESSED | METRIC TON RAW SOYBEAN PROCESSED
= {COL 2 x 0.0003) (COL 3x 3.725)
DT
1 1100 0.3300 1,2293
2 1100 C.3300 1.2293
3 910 0.2730 1,019
4 830 0.7490 0.9275
5 80Q 2.1800 9.6705
<] 580 0.1880 0.6258
7 100 0.0300 0.1118
] 940 0.2820 1.0505
9 910 0.2730 10169
10 960 0.2880 1.0728
11 453 0.1359 0.5062
12 320 0.1560 0.5811
13 200 0.0600 0.2235
14 970 0.2910 1.0840
15 580 0.1770 0.6503
18 930 0.2790 1.0393
17 aro 0.2610 0.9722
18 aag Q.2640 0.9834
19 6500 Q 1800 0.6705
20 620 0.1860 0.6929
21 730 02190 0.8158
ARITHMETIC MEAN 732 0.2196 0.8181
STANDARD DEVIATION 265 0.0736 0.2965
GEOMETRIC MEAN 0.1660 0.7302
STANDARD GEOMETRIC DEVIATICN 0.5859 0.5659
CRYER
1 880 0.2640 0.9834
2 730 02150 Q.8158
3 820 0.2670 0.9946
4 730 0.2180 08158
5 870 0.2510 09722
8 880 0.2640 09834
7 50 0.22% 08381
a 560 0.1980 0.7376
9 620 0.1860 06929
10 280 0.0780 0.2006
11 300 0 0900 £.3353
12 330 00990 03688
13 440 0.1320 0.4917
14 530 0.1590 0.5923
15 470 01410 0.5252
16 470 Q.1410 0.5252
17 530 Q.1590 0.5923
18 510 01530 0.5699
19 550 Q1850 0.6146
20 650 0.1550 0.7284
21 510 0.1530 0.5699
ARITHMETIC MEAN 598 0.1794 0.6684
STANDARD DEVIATION 188 0.0554 0.2102
GEOMETRIC MEAN 01858 0.6323
STANDARD GEOMETRIC DEVIATION 0.3452 0.3452
COOQLER

1 980 0.2940 1.0952
2 1300 0.3900 1.4528
3 100 0.0300 0.1118
4 820 0.2480 0.9164
5 780 0.2340 0.8717
[ 730 0.2190 0.8158
7 160 0.2280 08493
a 990 0.2970 1.1063
8 810 0.2430 0.9052
10 390 0.1170 04358
11 520 0.1580 0.5811
12 370 01119 04135
13 830 0.1880 0,7040
14 480 0.3440 06364
15 500 0.4500 0.5588
16 480 0.1440 0.5364
17 580 9.1740 0.6482
18 650 0.1950 07264
19 700 0.2100 0.7823
20 610 0.1830 06817
21 580 0.1880 06258
ARITHMETIC MEAN 654 01583 0.7312
STANDARD DEVIATION 249 0.07458 0.2780
GEOMETRIC MEAN 0.1782 0.6639
STANDARD GEQMETRIC DEVIATION 0.5005 0.5005

0.0003 = RATIO OF WEIGHT OF 1 GALLON HEXANE TO WEIGHT OF SOYBEAN MEAL FROM 1 TON OF RAW SOYBEANS

3.725 = RATIO OF GALLON TO LITER CONVERSION FACTOR {3.785) TO TON TO METRIC TON CONVERSION FACTOR (1.016)
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TABLE 2-1.

HEXANE CONCENTRATION IN MEAL VS. TIME
CARGILL, INC. - FAYETTEVILLE, N.C.

JULY 12 AND 13, 1979

Average hexane concentration®

Sample DT Dryer Cooler Grinder
date/ Wet Dry Wet Dry Wet Dry Wet Dry
time wg/9 | wg/g | wg/g | wa/g | we/9 | wg/g | wa/g | ug/g

7/12/79
10:20 1037 | 1267 833 | 1030 | 1093 | 1233 793 -©
17:20 633 873 827 1097 777 943 420 477
12:20 950 1300 677 840 853 1043 453 573

1:20 740 1400 297 370 427 500 343 413

2:20 780*| 1155* 480 580 537 657 373 453
7/13/79

9:50 893 | 1200 503 623 570 660 333 393

10:55 650 837 570 700 623 737 393 467

Average 812 1147 598 749 697 825 444 463

a Average of triplicate samples.

b DT - Desolventizer-toaster,

¢ Dry weight not recorded.

L
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United Siates Oftice of Air Quality EMB Report 78-VEG-4
Environmental Protection Planning and Standards July 1879
Agency Research Triangle Park NC 27711

EPA Vegetable Oil
Manufacturing

Emission Test Report
Central Soya,

‘Incorporated
Delphos, Ohio
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TABLE 6.

HEXANE ANALYSIS OF MEAL SAMPLES
COLLECTED AT CENTRAL SOYA, DELPHOS, OHIO

Hexanea
Test Sample Sample taken Sample conentration
site No. Date/Time weight/g ug/g
prP-1 001 1~9-79/17:35 1.5225 783
DT-2 002 1-9-79/17:30 3.3094 1047
DT-1 003 1-10-79/ 9:30 1.6836 1189
DT-2 004 1-10-79/ 9:30 1.6005 282
DT-1 005 1-10-79/11:15 1.8572 1399 .
DT-2 006 1-10-79/11:15 1.3956 1489 1'%
DT-1 007 1-11-79/11:05 2.2523 <10 -+
DT-2 008 1-11-79/11:05 1.6147 <10
Dryer 009 1-11-79/11:05 1.9814 1010
ryer 0190 1-11-79/11:05 2.0210 1560
Cooler 011 1-11-79/11:05 2.2906 1257
Cooler 012 1-11-79/11:05 2.1682 1125
DT-1 013 1-11-79/14:55 1.4245 861
DT-2 014 1-11-79/14:55 1.5648 863
Dryer 015 1-11-79/14:55 2.3091 80
Dryer 016 1-11-79/14:55 1.8955 664
Cooler 017 1-11-79/14:55 2.3983 515
Cooler 0l8 1-11-79/14:55 2.3486 310
DT-1 019 1-12-79/12:45 1.1614 267
DT-2 020 1-12-79/12:45 1.5363 726
Dryer 021 1-12-79/12:45 2.3088 10
Cooler 023 1-12-79/12:45 2.7055 30
Cooler 024 1-12-79/12:45 1.8404 286

a
Reported as pn-Hexane

Desolventizer toaster
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REFERENCE 9 SOYBEAN MEAL HEXANE CONCENTRATION CALCULATIONS

coL. 1 CcoL. 2 COL. 3 coL. 4
SOURCE/RUN HEXANE CONCENTRATION GALLONS OF HEXANE LITERS OF HEXANE PER METRIC
NUMBER IN MEAL (ppm}) PER TON OF RAW SOYBEAN| TON RAW SOYBEAN PROCESSED
{COL. 2 x 0.0003) (COL. 3 x 3.725)
DESOLVENTIZER-TOASTER
EXIT 1
4 3695.5 1.1087 4.1297
02 27258 0.8177 3.0461
03 2581.7 0.7745 2.8850
13 3559.9 1.0680 3.9782
14 2788.2 0.8365 3.1158
15 3120.3 0.9361 3.4869
25 50940.2 1,7821 6.6382
26 4015.3 1.2046 4.4871
27 37825 1.1348 42268
37 4627.8 1.3883 51716
38 3568.8 1.0706 3.9881
39 2378.2 0.7135 26576
49 3106.9 0.9321 3.4720
50 1827.6 0.5483 2.0423
59 1278.9 0.3837 1,4292
AVERAGE 3266.51 0.9800 3.6503
STANDARD DEVIATION 1096.58 0.2862 1.0660
DRYER EXIT )
04 1592.4 0.4777 1.7795
05 - 0.0000 0.0000
06 1396.3 0.4183 1.5604
16 1469 0.4407 1.6416
17 1294.5 0.3884 1.4466
18 1826.8 0.5480 2.0414
28 1664.8 0.4994 1.8604
29 2799.5 0.8399 3.1284
30 1925.3 0.5776 2.1515
40 1557.9 0.4674 1.7410
41 1636 0.4908 1.8282
42 1833.5 0.5501 2.0489
52 1432.3 0.4297 1.6006
53 1548.2 0.4645 1.7301
54 - 0.0000 0.0000
AVERAGE 1465.1 0.4395 1.6372
STANDARD DEVIATION 667.72 0.2003 0.7462
COOLER EXIT
07 1407.8 0.4223 1.5732
08 1347.2 0.4042 1.5055
09 1373.7 0.4121 1.5351
19 829 0.2487 0.9264
20 965.9 0.2898 1.0764
P 841 0.2523 0.9398
31 1552.7 0.4658 1.735%
32 1397.6 0.4193 1.5618
33 1448.6 0.4346 1.6188
43 1571 0.4713 1.7556
44 1835.8 0.5507 2.0515
45 2009.5 0.6029 2.2456
55 20809.2 8.0428 33.3118
56 1369.2 0.4108 1.5301
I 57 1681.1 0.5043 1.8786
. AVERAGE 3295.95 0.9888 3.6832
STANDARD DEVIATION 7093.14 2.1279 7.9266

0.0003 = CONVERSION FACTOR TO CONVERT HEXANE PPM IN MEAL TO GALLONS OF HEXANE/TON OF RAW SOYBEANS.
3.725=CONVERSION FACTOR TO CONVERT GALUTON TO L/MT,

NOTES: This table presents the calculations for converting hexane concentrations in meal o gallons of hexane per ton of raw soybean processed,

The data presented in Column 2 is obtained from the tables copied from the reference that foliows the calculations.

A-27




TABLE 3. C52 IMPINGER TRAIN - TEST RESULTS

Hexane .
Concentration Gas Flow Hexane Mass
Test in Source Rate Flow Rate
Site Run # g/m3 PRMm m3/mind | dscim kg/h 1b/h
Mineral 1 A 756. 34 213000 1.59 56.2 72.22 170.24
0il 1B 723.96 201984 1.59 56.2 69.07 152.27
Scrubber| 2 A 642.25 175177 2.17 76.8 B3.62 184.35
Inlet 3 672.61 187758 2.19 77.3 88.38 194.84
Average 698.79 194979 1.98 70.1 78.32 175.43
Mineral 1 A 38.45 10713 1.59 56.2 3.67 8.09
0il l B 36.10 10071 1.59 56.2 3.44 7.58
Scrubber| 2 A 36.43 10155 1.86 65.7 4.07 g.97
outlet 2B 53.84 15010 1.86 65.7 6.01 13.25
Average 41,20 11487 1.73 61.0 4.30 9.47
Meal c-1 1.36 380 1258.4 44441 162.69 226,39
Cooler C-2 A 0.13 37 1233.7 43566 9.62 21.21
Exhaust c-2 B 0.07 19 1233.7 43566 5.18 11.42
C-3 A 0.16 45 1233.7 43566 11.84 26.10
C-3 B 0.05 14 1233.7 43566 3.70 8.16
Average 1246.1 44003
Meal D-1 12.11 3348 119.7 §227 86.97 191.73
Dryer D=2 A 31.68B BB1S Bl.5 2B87% 154.92 341.54
Exhaust D-2 B 26,890 7478 B1.5 2879 131.05 288.91
D~3 A 19.88 5545 94.9 3350 113.20 249.56
Average 22,62 6302 98.7 3485 121.51 267 .94

appm - part per million by volume

Pascem - dry standard cubic feet per minute, 68°F, 29.52 in. Hg.

caverage conc.

A-28
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.-

Collected at A. E. Staley Co., Des Moines, Iowa
Sample Lab #° Test Site Date 2&39 Hexane Concﬂj
(ug/g)
01 AKl81 DT Exiéa 3/15/79 *9:10 am 3695.5
02 AK1RB2Z DT Exit 3/15/79 9:10 am 2725.8
03 AK183 DT Exit 3/15/79 9:10 am 2581.7
04 AK184 Dryer Exit 3/15/7% 9:10 am 1582.4
05 AK185 Dryer Exit 3/15/79 9:10 am Broken Bottl:
06 AK186 Dryer Exit 3/15/79 9:10 am 1396.3
07 AK187 Cooler Exit 3/15/79 9:1C am 1407.8
08 AK188 Cooler Exit 3/15/79 9:10 am 1347.2
09 AK189 Coocler EXit 3/15/79 9:10 am 1373.7
10 AK190 Milling Exit 3/15/7% 9:10 am 736.1
11 AK191 Milling Exit 3/15/79 9:10 am B32.1
12 AKl192 Milling Exit 3/15/79 9:10 am 695.1
13 AK193 DT Exit(3 3/15/79 2:25 pm 3559.9
14 AK194 DT Exit 3/15/79 2:25 pm 2788.2
15 AK195 DT Exit 3/15/79 2:25 pm 3120.3
16 AK196 Dryer Exit 3/15/79 2:25 pm 1469.0
17 AK19% Dryer Exit 3/15/79 2:25 pm 12594.5
18 AK198 Dryer Exit 3/15/7%9 2:25 pm 1826.8
19 AK199 Cooler Exit 3/15/79 2:25 pm 829.0
20 AK200 Cooler Exit 3/15/79 2:25 pm 865.9
21 AX201 Cooler Exit 3/15/79 2:25 pm 841.0
22 AX202 Milling Exit 3/15/79 2:25 pm 667.8
23 AK203 Milling Exit 3/15/7¢ 2:25 pm 493.4
24 AK204 Milling Exit 3/15/79 2:25 pm 728.9
25 AK205 DT Exitc) 3/15/79 3:10 pm 5940.2
26 AK206 DT Exit 3/15/79 3:10 pm 4015.3
27 AK207 DT Exit 3/15/79 3:10 pm 3782.5
28 AK208 Dryer Exit 3/15/7% 3:10 pm 1664.8
29 AK209 Dryer Exit 3/15/79 3:10 pm 2799.5
30 AK210 Dryer Exit 3/15/79 3:10 pm 1925.3
31 AK211 Cocler Exit 3/15/79 3:10 pm 1552.7
32 AK212 Cooler Exit 3/15/79 3:10 pm 1397.6
33 AK213 Cooler Exit 3/15/79 3:10 pm 1448.6

Continued

TABLE 8.

Hexane Analysis of Meal Samples
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Collected at A. E.

Lab #-

Sample # Test Site
34 AK214 Milling Exit
E 35 AK215 Milling Exit
36 AKZ216 Milling Exit
I 37 AKZ217 DT Exit@
38 AK218 DT Exit
35 AK219 DT Exit
i 40 AK220 Dryer Exit
41 AK221 Dryer Exit
! 42. AK222 Dryer Exit
43 hK223 Cooler Exit
44 AK224 Cooler Exit
l 45 AK225 Cooler Exit
46 AK226 Milling Exit
' 47 AK227 Milling Exit
i 48 AK228 Milling Exit
49 AK229 DT Exitd
50 AXK230 DT Exit
51 AK231 DT Exit
I 52 AK232 Dryer Exit
53 AKZ233 Dryer Exit
54 AK234 Dryer Exit
i 55 AK235 Cooler Exit
56 AX236 Cooler Exit
’ 57 AK237 Cooler Exit
58 AKZ238 Milling Exit
59 AK239 Milling Exit
’ 60 AK240 Milling Exit
| C) Reported as n-Hexane
l @ Desolvatizer Toaster
-

TABLE 3.

Date

1/15/79
3/15/79
3/15/79

3/15/79
3/15/79
3/15/79

3/15/79%
3/15/79
3/15/79

3/15/79
3/15/79
3/15/79

3/15/79
3/15/79
3/15/79

3/15/79
3/15/79
3/15/79

3/15/79
3/15/79
3/15/79

3/15/79
3/15/79
3/15/79

3/15/79
3/15/79
3/15/79
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(Continued)
Hexane Analysis of Meal Samples
Staley Co., Des Moines,

Time

:10
:10
110 ¢

:05 1
: 05
: 05

105
:05
:05

: 05
: 05
:05

105
:05
:05 1

:50
:50
:50

150
:50
:50

:50
:50
:50

:50
:50
:50

Pm
Dm

pm

pm
Dm

pm

pm
om

pm
pm

P

elul
pm
pm

wm

h

pm
pm

pm
pm
pm

Hexane Conc.

Iowa

@

(vg/9g)

921.1
834.3
933.9

4627.
3568,
2378.

N OO

1557,
1636.
1833.

Ut O W

1571.
1835.
20009.

v oo O

1062.
1188.
1009.

W Ch U0

3106.
1827.
1278.

w G O

1432.3
1548.2
Sample Discar

2909.2
1369.2
1681.1

1595.4 _
Sample Discar
941.5
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TABLE 2-1.

AVERAGE HEXANE CONCENTRATION IN MEAL

MFA - MEXICO, MISSOURI

JULY 6, 1979

. a
Hexane concentration

DT b Grinder Cooler

Approximate Wet Dry Wet Dry Wet Dry
sample time ug/g ug/g 1g/9 1g/g ug/g ug/g
10:20 297 -c 153 193 265 405
11:20 220 303 148 € 117 153
12:20 320 457 123 160 190 257
1:20 277 383 143 180 203 253
2:20 236 300 150 187 150 173
3:20 290 360 153 210 260 310
4:15 227 320 206 = 287 =
Average 267 354 154 186 210 259

a Average of triplicate samples.

b

¢ Dry weight not recorded.

0T - Desglventizer-Toaster.
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75 Unitea States -
Environmental Prot ction Planning and Stancaras ..o .
" Research Triangle Park NC 27711

Agency

EPA Vegetable Oil Production

Emission Test Report
Cargill, Incorporated

Sidney, Ohio

REFERENCE 12
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REFERENCE 12 SOYBEAN MEAL HEXANE CONCENTRATION CALCULATIONS

coL.- 1 coL.2 coL. 3 coL. 4
SOURGE/RUN HEXANE CONCENTRATION GALLONS OF HEXANE LITERS OF HEXANE PER METRIC
NUMBER IN MEAL (ppm} PER TON OF RAW SOYBEAN TON RAW SOYBEAN PROCESSED
= {COL. 2 x 0.0003) {COL. 3 x 3.725)

DESOLVENTIZER-TOASTER
EXIT
369 210 0.0630 0.2047
361 220 0.0660 0,2459
262 200 0.0600 0.2235
72 220 0.0660 0.2459
373 220 6.06€0 0.2455
374 210 0.0630 0.2347
379 210 0.0630 0.2347
380 220 0.0630 0.2347
381 260 0.0660 02459
284 180 0.0780 0,2906
385 185 ~ Q.0540 0.2012
286 180 0.0540 0.2012
396 170 0.0570 0.2123
397 150 0.0510 0.1900
398 370 0.0570 0.2123
402 200 0.0510 0.1800
403 170 0.0600 0.2235
404 180 0,0510 0.1900
408 130 0.0540 .2012
209 170 0.0390 0.1453
210 190 0.0510 0.1900
420 130 0.0570 0,2123
421 120 0.0390 0.3453
422 160 0.0360 0.1341
426 160 0,0480 01788
a7 170 0.0480 0.1788
428 160 0.0510 0.1900
432 180 0.0480 01788
423 140 0.0540 0.2012
434 170 0.0420 0.1565
444 180 0,0510 0.1500
445 200 0.0540 0.2012
44 160 0.0600 0,2235
450 160 0.0480 0.1788
451 160 0.0480 Q.1788
a2 170 0.0480 0.1788
462 340 0.0510 0.1500
463 170 0.0420 0.1565
454 150 0.0510 0.1500
468 150 0.0450 0.1676
453 200 0.0450 0.1676
479 140 0.0600 0.2235
474 190 0.0420 0.1565
475 190 0.0570 0.2123
476 170 00570 02123
488 180 0.0510 0.1900
487 1701 0.0540 0.2012
488 170 0.051¢ 0,1900
492 1680 0.0510 01800
493 180 0.0540 0.2012
494 140 ©.0540 0.2012
498 180 0.0420 0.1565
299 180 0.0540 0.2012
500 180 0.0540 0.2012
510 140 0.0540 0.2012
511 170 0.0420 0.1565
512 150 0.0510 0.1900
516 160 0.0450 0.3676
A7 84 0.0480 0.1768
318 750 0.0252 0,0939
522 160 0.0450 0.1676
523 170 0.0480 0.1788
524 140 £.0510 0.1900
AVERAGE You5s e
STANDARD DEVIATION T 8

0.0003 = CONVERSION FACTOR TO CONVERT HEXANE PPM IN MEAL TO GALLONS OF HEXANE/TON OF RAW SOYBEANS.

3,725 = CONVERSION FACTOR TO CONVERT GALTON TO L/MT.

NQTES: This table presents the calculations for converting soybean meal hexane cancentrations to gallons of hexane per ton of raw soybean processed.
The data presented in Colurnn 2 is obtained from the tables copied from the reference that follows the calculations,
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REFERENCE 12 SOYBEAN MEAL HEXANE CONCENTRATION CALCULATIONS

coL 1 coL 2 col 3 coL. 4
SOURCERUN HEXANE CONCENTRATION GALLONS OF HEXANE LITERS OF HEXANE PER METRIC
NUMBER 1N MEAL (ppe) PER TON OF RAW SOYBEAN TON RAW SOYBEAN PROCESSED
. {COL. 2 x 0.0003) (CoL 3x 3.725)

DRYER EXIT
263 170 0.0510 0.1900
364 120 0.0360 0.1341
365 140 00420 0.1565

|75 130 0.0290 0.1453
378 120 0.0360 01341
317 140 00420 0.156¢
378 139 0.0390 01455
282 130 0 0350 014
383 120 0.0360 0.1341
387 150 0.0450 0.1676
338 100 6.0300 01118
389 130 0,0390 01453
399 120 0.0360 0.134
400 120 0.0360 £.134
401 o2 [Reral N D,1028
405 110 0.0030 01229
406 75 0.0225 0.0838
407 110 00330 0.1229
411 20 0.0360 0.1341
412 00 0.0300 0.1118
413 30 0.0390 0.1453
423 87 0.0261 0.0972
424 120 00360 0.1341
425 110 00330 01229
429 84 0.0252 00933
430 99 0.0297 0.1106 |
431 91 0.0273 0.1017
435 94 0.0282 01050
436 100 0.0300 04118
[¥5) 96 0.0288 0.1073
a7 110 0.0330 01229
443 98 0.0254 0.1095
449 110 0.0330 0.1229
453 73 0.0219 0816
454 1090 0.0300 L1118
453 91 0.0273 1017
465 110 0.0330 1229
466 83 0.0249 0.0928
457 [X] 00252 0.093%
a7 94 00282 0.1050
472 110 0.6330 01225
A7 100 0.0300 0.1118
A7 84 00252 0.0939
478 34 0.0252 00939
479 50 0.0180 00671)
489 2 0.0186 0.0633
430 5 00225 0.0838
499!5 100 00300 0.1118
4 160 00480 01788
496 300 0,0300 03118
497 120 0.0360 0.1341
501 a5 00255 0.0950
502 98 00254 01095
503 130 0.0350 0.1453
513 a7 0.0141 0.0525
514 200 0 0600 0.2235
515 160 00300 0.1118
519 100 0.0300 0.1118
520 45 00138 0.0514
521 7. 00234 0.0872
5235 90 - 0.0270 0.1006
526 72 30216 0.0805
AVERAGE 104.7097 0.0314 01170
STANDARD DEVIATION 27.3185 0.0082 00305

COOLER EXIT
366 120 0.0360 0.1341
367 110 00330 01229
368 120 6.0360 01341
350 a7 0261 0972
391 130 0350 1453
392 100 0300 1118
ATd 110 0.0330 0.1229
45 130 00330 0.1453
216 110 00330 01223
438 100 0.0300 0.1118
435 a7 0.0291 0.1684
40 95 0.0285 0.1062
56 116 0.0330 01229
57 100 0.0300 01118
458 100 00300 61118
480 00 0.0300 01118
481 10 4.0330 0.1729
[TH 10 0.0030 0.1229

| 504 40 0.0420 0.1565
505 99 0.0297 0.1106 |
506 110 00330 01229
527 91 00273 0.1017
578 71 0.0213 0.0793
AVERAGE 1065217 00320 01150 |
STANDARD DEVIATION 14,8144 0.0044 0.0165

0.0003 = CONVERSION FACTOR TO CONVERT HEXANE PPM IN MEAL TO GALLONS OF HEXANE/TON OF RAW SQYBEANS.

3,725 = CONVERSION FACTOR TO CONVERT GAL/TON TO LT,

NOTES: This table presents tha calcuiadons for converiing soybesn meal hexans concennions o gakors of heiaers per 1on of Niw soybesn processed.
The data presertad in Colurn 2 is obtrined from the tabies copied from the referencs that folows the calcutatons.
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TABLE 3.

CS

2

IMPINGER TEST RESULTS

Hexane Hexane mass

Test Run Date Clock | conc., | Gas fiow rate flow rate
site No. (1979) | time ppmd m3/minB| scfmb Kg/h | 1b/h
MOS 1A 7/23 15:53 | 307658 6.2 - 220 | 412.9 1908.3
inlet 18 7/23 | 15:53 | 90537 | 6.2 | 220 | 121.5 |267.3
2A 7/25 9:30 | 194123 5.8 206 | 243.9 |536.6

3A 7/25 12:23 | 187949 6.0 211 2471.9 {532.2

38 7/25 12:23 | 239460 6.0 2H1 308.2 [678.0

an®
4B 7/25 15:10 | 280054 6.6 232 396.3 |871.9
Average 216630

MOS 1A 7/23 15:53 17 4.8 168 0.02( 0.04
outlet | g 7723 | 15:53 | 2001 | 4.8 | 168 | 21| 4.7
2A 7/25 9:30 35196 4.9 172 36.9 | 81.2
3A 77125 12:23 57 4.9 174 0.06] 0.13

3B 7/25 12:23 16000 4.9 174 17.0 | 37.4
4A 7725 15:10 12 5.1 181 0.017 0.03

48 7/25 15:10 2520 5.1 181 2.8 6.1

Cooler 1A 7/26 10:00 6 537 |18950 0.69] 1.5
outlet | 43 7/26 | 10:00 7| 537 |iseso | o.81] 1.8
2 7726 | 14:17 7{ sa1 |19100 | 0.82] 1.8

2B 7/26 14:17 8 541 19100 0.93] 2.

Average 7

% parts per million by volume.

b .
scfm - Standard cubic feet per minute 29.92 in. Hg., 58°F.

¢ Sample Jost.
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Sidney, Ohio

DATA SHEET

9/13/79
9/13/79
9/13/79

9/13/79
9/13/79
8/13/19

8/13/7%
9/13/79
9/13/79

9/13/79
9/13/79
8/13/79

8/13/79
9/13/79
$/14/79

9/19/79
9/19/79
8/14/79

9/14/79
8/14/79
8/14/79

S/14/79
9/14/79
9/14/739

9/14/79
9/14/79
9/14/79

9/14/78
9/14/79
9/14/79

9/14/79
9/14/7%

8/14/79 °

Sample No.-Location

393
394
395

396
397
398

399
400
401

402
403
404

405
406
407

408
409
410

411
412
413

414
415
416

417
418
419

420
421
422

423
424
. 425

Finish
Finish
Finish

D.T.
D.T.
D.T,

Dry
Dry
Dry

D.T.
D.T.
D.T.

Dry
Dry
Dry

D.T.
D.T.
D.T.

Dry
Dry
Dry

Cool
Coocl
Cool

Finish
Finish
Finish

Sample
Date

7/26/79
7/26/79
7/26/79

7/26/79
7/26/79
1/26/79

7/26/79
7/26/79
7/26/79

7/26/79
7/26/79
7/26/79

7/26/79
7/26/79
7/26/79

7/26/79
7/26/79
7/26/79

7/26/79
7/26/79
7/26/79

7/26/79

'7/26/79

7/26/79

7/26/79
7/26/79
7/26/79

7/26/79
7/26/7%
7/26/79

7/26/79

7/26/79
7/26/79
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Date: July 26, 1979

Wet Wt. Wet Dry
Time (g} {va/g) {ug/g)

10110 2.38 100 300
10:10 2.97 100 240
10:10 2.23 110 310
10:20 1.75 170 300
10320 2.52 190 470
10:20 2.28 170 400
10:25 1.81 120 250
10:25 1.39 120 220
10:25  2.73 92 260
10:42 1.48 200 310
10:42 1.27 170 270
10:42 1.44 180 300
10:44 1.57 110 220
10:44 2.13 75 200
10:44 2.08 110 260
11:00 1.56 130 230
11:00 1.61 170 320
11:00 1.20 190 290
11:05 1.57 120 280
11:05 1.65 100 210
11:05 1.52 130 220
11:09 2.40 110 310
11:09 2.49 130 380
11:09 2.29 110 340
11:10 2.19 89 230
11:10 1.93 93 220
11:10 1.90 110 220
11:23 1.11 130 190
11:23 1.97 120 260
11:23 1.54 160 280
11:26 1.58 87 160
11:26 1.16 120 230
11:26 1.72 110 240




' . DATA SHEET

“Plant: - sidnev, Ohio Date: July 26, 1978
l Date Sample wet Wt. Wet Dry

Analysis Sample No.-Location Date Time {g) " {ug/g)  ({ug/q)

I 9/14/79 426 D.T. 7/26/179 11:41 1.78 160 340
9/14/79 427 D.T. 7/26/179 11:41 1.43 170 290
9/14/79 428 D.T. 7/26/79°  11:41 1.21 160 240

l 9/14/79 429 Dry 7/26/79 11:48 1.87 84 160
9/14/79 430 Dry 7/26/79 11:48 1.97 99 220

l 9/14/79 431 Dry 7/26/79 11:48 2.30 91 220
9/14/79 432 D.T. 7/26/79 12:00 1.52 180 360
9/14/79 433 D.T. 7/26/79 12:00 1.53 140 240

l 9/14/79 434 D.T. 7/26/79 12:00 1.79 170 340
9,/17/79 435 Dry 7/26/79 12:05 1.56 94 200

' 9/17/79. 436 Dry " 7/26/79 12:05 1.57 100 200
9/17/79 437 Dry 7/26/79 12:05 1.38 96 160
9/17/79 438 Cool 7/26/79 12:07 2.27 100 310

l 9/17/79 439 Cool 7/26/79 12:07 2.07 97 250
9/17/79 440 Cool 7/26/79 12:07 1.89 95 210

l 9/17/79 441 Finish 7/26/79 12:09 2.23 78 210
9/17/79 442 Finish 7/26/79 12:09 1.95 78 160
5/17/79 443 Finish 7/26/79 12:09 2.36 79 220

l 9/17/79 444 D.T. 7/26/79 1:40 1.45 180 300
9/17/79 445 D.T. 7/26/79 1:40 1.36 200 330

l 9/17/79 446 D.T. 7/26/79 1:40 1.46 160 260
9/17/79 447 Dry 7/26/79 1:43 1.96 110 260
9/17/79 448 Dry 7/26/79 1:43 1.71 98 200

I 9/17/79 449 Dry 7/26/79 1:43 1.72 110 250
9/17/79 450 D.T 7/26/79 2:00 1.71 160 320

l $/17/79 451 D.T 7/26/79 2:00 1.37 160 260
9/17/79 452 D.T 7/26/79 2:00 1.74 170 330
9/17/79 453 Dry 7/26/79 2:05 1.32 73 110

l 9/17/79 454 Dry 7/26/79 2:05 1.74 100 200
9/17/79 455 Dry 7/26/79 2:05 1.77 91 180

I 9/17/79 456 Cool 7/26/79 2:08 1.90 110 290
9/17/79 457 Cool 7/26/79 2:08 1.94 100 230

l 9/17/79 - 458 Cool 7/26/79 2:08 2.12 100 260
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DATA SHEET
t'lant:_Sidpey, Ohio
lnDa te Sample
alvsis .Sample No.-Location Date

3/18/7% 459  Finish 7/26/79

N 5/18/79 460 Finish 7/26/79

\ 9/18/79 461 Finish 7/26/79

l 9/18/79 462 D.T 7/26/179

¢ 9/18/79 463 D.T 7/26/79

l 9/18/79 464 D.T 7/26/79

© 9/18/79 465 Dry 7/26/79

9/18/79 466 Dry 7/26/79

l 9/18/79 467 Dry 7/26/79

9/18/79 468 D.T 7/26/79

9/18/79 469 D.T 7/26/79

. 9/18/79 470 D.T 7/26/79

9/18/79 471 Dry 7/26/79

I 9/18/79 472 Dry 7/26/79

9/18/79 473 Dry 7/26/79

l 9/18/79 474 D.T. 7/26/79

9/18/79 475 D.T. 7/26/79

9/18/79 476 D.T. 7/26/79

I 9/18/79 477 Dry 7/26/79

9/18/79 478 Dry 7/26/79

. 9/18/79 479 Dry 7/26/79

9/18/79 480 Cool 7/26/79

9/18/79 481 Cool 7/26/79

l 9/18/79 482 Cool . 7/26/79

9/18/79 483 Finish 7/26/79

l 9/18/79 484 Finish 7/26/79

5/18/79 485 Finish 7/26/79

' 9/18/79 486 D.T. 7/26/79

l 9/18/79 487 D.T. 7/26/79

9/18/79 488 D.T. 7/26/79

l 9/19/79 489  Dry 7/26/79

9/19/79 490 Dry 7/26/79

l 9/13/79 491 Dry 7/26/79
l Dry weight not recorded.
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Date: Julv 26, 1979
Wet Wt. Vet Dry
Time (g) (wg/qg) (vg/g)
2:10 2.17 110 300
2:10 1.85 100 250
2:10 1.84 99 220
2:21 1.37 140 250
2:21 1.52 170 310
2:21 1.35 150 260
2:24 1.58 110 220
2:24 1.57 83 170
2:24 1.97 84 210
2:42 1.29 150 230
2:42 1.45 200 400
2:42 1.67 140 250
2:45 1.68 94 170
2:45 1.87 110 220
2:45 l1.61 100 190
3:00 2.29 190 450
3:00 1.74 190 380
3:00  1.78 170 ey
3:08 1.62 84 150
3:08 1.94 84 200
3:08 1.27 60 96
3:12 1.49 100 210
3:12 1.71 110 250
3:12 1.48 110 210
3:14 1.50 G4 180
3:14 1.14 96 160
3:14 1.28 100 170
3:20 1.49 180 330
3:20 1.56 170 310
3:20 1.53 170 310
3:22 1.47 &2 110
3:22 1.51 75 140
3:22 1.64 100 210




@

Reanalysis of sample yielded same results.
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DATA SHEET
llaﬁt: Sidney, Ohio
§ Date Sample
alysis Sample No.-Location Date
9/19/79 492 D.T. 7/26/79
9/19/79 493 "  D.T. 7/26/79
9/19/79 494 D.T. 7/26/79
' 9/19/79 495 Dry 7/26/79
¥ 9/19/79 496 Dry 7/26/79
-~ 9/19/79 497 Dry 7/26/79
I 9/19/79 498 D.T. 7/26/79
©9/19/79 459 D.T. 7/26/79
i 8/19/79 500 D.T. 7/26/79
. 9/19/79 501 Dry 7/26/79
-, 9/19/79 502 Dry 7/26/79
l 9/18/79 503 Dry 7/26/79
— 9/18/79 504 Cool 7/26/79
l 8/19/79 505 Cool 7/26/79
9/19/79 506 Cool 7/26/79
i 9/19/79 507 Finish 7/26/79
9/19/79 508 Finish 7/26/79
. 9/19/79 509 Finish 7/26/79
l 9/19/79 510 D.T. 7/26/79
T 9/19/79 511 D.T. 7/26/79
,. 9/19/79 512 D.T. 7/26/79
I '$/19/79 51% Dry 7/26/79
9/19/79 51 Dry 7/26/79
' 9/19/79 515 Dry 7/26/79
. 9/19/79 516 D.T. 7/26/78
. 9/19/79 5172  D.T. 7/26/79
f /9705 518 D.T. 7/26/79
' 9/19/79 519  Dry 7/26/79
l 9/19/79 520 Dry 7/26/79
, 9/19/7% 521 Dry 7/26/79
" 9/19/79 522 D.T. 7/26/79
9/18/79 523 D.T. 7/26/79
9/19/79 524 D.T. 7/26/79

Date: July 26, 1979
Wet Wt. Wet Dry
Time ~  {(g) (vg/q} (ua/a)
3:40 1.51 140 210
3:40 1.30 180 290
3:40 1.34 140 250
3:42 1.90 160 450
3:42 1.69 100 200
3:42 1.64 120 270
4:03 1.45 180 320
4:03 1.43 180 330
4:03 1.97 180 370
4:05 2.19 85 220
4:05 2.08 98 230
4:05 1.92 130 320
4:08 1.66 140 271
4:08 1.76 99 200
4:08 1.59 110 240
4:10 1.90 80 200
4:10 1.99 80 180
4:10 1.93 100 240
4:21 1.44 140 240
4:21 1.86 170 340
4:21 1.46 150 270
4:24 2.20 47 120
4:24 2.02 200 460
4:24 2.29 100 280
4:40 1.21 160 280
4:40 2.45 84 110
4:40 1.34 150 250
4:42 1.70 100 230
4:42 1.54 46 93
4:42 2.45 78 120
4:55 1.30 160 270
© 4:55% 1.22 170 270
" 4:55 1.49 140 270




e

', DATA SHEET
lPlant: Sidney., Chio Date: July 26, 1979
Date Sample Wet Wt. Wet Dry
I Analvsis Sample No.-Location Date Time {g) {wg/g) (ug/g)
8/11/79 360 D.T. 7/26/79 9:00 1.84 210 440
9/11/79 361 D.T. 7/26/79 9:00 2.00 220 470
l 9/11/79 362 D.T. 7/26/79 9:00 2.03 200 470
o 9/11/79 363 Dry 7/26/79 9:17 2.21 170 440
l 9/11/79 364 Dry 7/26/79 9:17 2.75 120 370
- 8/11/79 365 Dry 7/26/79 9:17 2.94 140 410
l 9/11/79 366 Cool 7/26/79 9:20 2.72 120 420
89/11/79 367 Cool 7/26/79 9:20 2.69 110 350
9/11/79 368 Cool 71/26/79 9:20 2.63 120 390
l 9/11/79 369 Finish 1/26/79 9:22 2.25 120 330
9/11/79 370 Finish 7/26/79 9:22 2.44 130 430
l $/11/79 371 Finish 7/26/79 9:22 2.72 120 370
9/10/79 372 D.T. 7/26/79 9:35 2.31 220 510
. 8/10/79 373 D.T. 7/26/79 9:35 1.90 220 500
I 9/10/79 374 D.T. 7/26/79 9:35 2.58 210 530
- 8%/10/79 375 Dry 7/26/79 9:38 2.35 130 350
9/11/79 376 Dry 7/26/79 9:38 1.95 120 290
l 9/11/79 377 Dry 7/26/79 9:38 1.52 140 260
: 9/11/79 379 D.T 7/26/79 9:40 2.03 210 460
l 9/11/79 380 D.T 7/26/79 9:40 2.41 220 510
9/11/79 381 D.T. 7/26/79 9:40 1.87 260 580
' 9/11/79 378 Dry 7/26/79 9:48 4.32 130 490
1T 9/11/79 382 Dry 7/26/79 9:48 3.66 130 430
9/11/79 383 Dry 7/26/79 9:48 3.68 120 410
“ 9/12/79 384 D.T 7/26/79 10:00 1.48 180 310
9/12/79 385 D.T 1/26/79 10:00 1.92 180 290
l 9/12/79 386 D.T 7/26/79 10:00 1.44 190 340
.. 9/12/7%9 387 Dry 7/26/79 10:05 1.59 150 420
- 9/12/79 388 Dry 7/26/79 10:05 1.72 100 470
l 9/12/79 389 Dry 7/26/79 10:05 2.04 130 280
i 5/13/79 390 Cool 7/26/79 10:08 2.39 87 240
, 9/13/79 391 Cool 7/26/79 10:08 2.19 130 420
9/13/79 . 392 Cool 7/26/79 10:08 2.22 100 320
J
ilh
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DATA SHEET
?lant: - Chio
Date Sample
Ainalvysis Sample No.-Location Date
8/19/7% 525 Dry 7/26/79
89/19/79 526 - Dry 7/26/7%
5/19/79 527 Cool 7/26/79
8/19/79 528 Cool 7/26/79
9/19/79 529 Finish 7/26/79
9/19/79 530 Finish 7/26/78%
A-45

Date: July 26, 1979
Wet Wt. Wet Dry
Time . (g) " (ug/g) (wg/qg)
4:57 2.1 80 240
4:57 l.61 72 140
4:59 1.98 91 200
4:59 1.52 71 150
5:01 1.88 68 210
5:01 1.79 85 220
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wEPA

United Siates Office of Air Quality EMB Report 79-VEG-6d
Environmental Protection Planning and Standards October 1979
Agency Research Triangle Park NC 27711

Vegetable Oil Production
(Meal Processing)

Emission Test Report
Ralston Purina Company
Memphis, Tennessee

REFERENCE 13
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TABLE 1. AVERAGE? HEXANE CONTENT OF MEAL

Hexane concentration
Wet meal - Dry meal
Sample type ug/g ug/g
pT0o (2 ne 4i& 557 v/
Dryer LQII) 248 V/ 292 2713
Stripper @'0 502 442 566 510
Final Edible (26) 240 220 271 256
Final meal  (2Y) 177 113 212 v

a Average of all samples taken.

b DT - Desolventizer-Toaster.
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_."_EPA Vegetable Oil Production
(Meal Processing)

Emission Test Report

Ralston Purina Company
Bloomington, lllinois
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TABLE

2-1.

AUGUST 10,

1979

HEXANE CONCENTRATION IN MEAL VS, TIME
RALSTON PURINA - BLOOMINGTON

Hexane concentration® ug/g of wet meal

Sample Edible Edible b Final
time cooler stripper D.T. Dryer Cooler meal
9:00 1170 1470 310 220 180 140
10:00 1270 1370 260 220 170 . | 140 (i30)
11:00 1370 {330) 1670 310 230 200 150
12:00 1270 {(12%¢) 1470 240 210 190 110
1:00 1070 1100 240 180 170 120
2:00 2800 4130 630 180 190 130
3:00 1060 1130 720 130C 1370 1000
8 Average of triplicate samples.
b D.T. - Desolventizer-Toaster.
ey -zy - ;; <L e S =%
TEThe emevkel oGPl A D oSews -
L coae d oLl
Tlee® BTl
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TECHNICAL

B ARTICLES I

Investigating Sources Of Hexane Emissions

ROBERT I. CHESSIN, Environmental Health Specialist
Research Triangle institute, Research Triangle Park, North Carolina

HE SUBJECT OF this paper is, 'm sure, of as much intecest

to oi] mill superintendents and operacors, as it was o the
Environmental Protection Agency. T hope that our research will
be of some use to the vegerable oil industry. We understand that
one company is making plans for recovering solvent where pre-
sently no autempt is being made, possibly due, in part, to our
efforts.

Let me say just one thing about who we are and whar we were
doing. The Research Triangle [nstitute is a not-for-profic research
group that was contracted with the US. EPA from approximacely
December 1978 through May 1980 to develop new source per-
formance standards for volatile organic compounds (in this case
hexane) and particulate emissions for che vegerable oil industry.
Work was terminated in May of 1980 and no standards were
developed or recommended. These standards were to affect only
new plants or plants that underwent major reconstruction, bue
such a standard could have provided guidance to individual states
in regulating both new and existing vegerable oil plants. This
paper does not, however, represent EPA policy and the author is

fully responsible for the presentation and interpretation of the
data.

Tesung Program Design
Early in the contract soybean mills were selected as the targer
industry. No testing was performed art other oilseed mills, How-
ever, those of you working with cottonseed, sunflower seed, or
peanuts should find our results of interest, too.
The EPA testing program was designed to find out how much
-hexane was being lost at various points in the process. A meal

sampling program was underraken with the idea thar 2 standard -

might be developed that would place a limic on the hexane content
of the meal exiting the desolventizer-toaster {DT). As will be
discussed in a2 moment, the meai sampling program did not
provide daca chat accuracely reflected solvent losses. It did,
however, provide useful information on where hexane is being

OIL MILL GAZETTEER — August, 1981

lost. Noel Myers (see report, July issue) visited most of these
plants while we were collecring meal samples and should provide
an idea in his paper of what can and is being done by companies to
minimize solvent losses.

Meal Sampling and Analysis

EPA’s Emission Measurement Branch (EMB), within the Office
of Air Quality Planning and Standards (OAQPS), developed
both a2 meal sampling routine and an amalytical procedure
based upon the work of Dupuy (1,2) and Wan et al. (3), the
latter here at Texas A&M University. From June 18 through
August 10, 1979, RTI and another EPA contractor visited eighr
soybean plants o collect meal samples. These eight soybean
plants were sampled. each for seven hours, with triplicate samples
taken hourly at each sampling point. The sampling poinrs of
interest were the meal discharges from the DT, meal dryer, meal
cooler, and milling, plus 2ppropriate points in the edible flour
systems.

Earlier, solvent emissions tests had been performed ar two
plants: one during December 1978 and another during March
1979, when meal samples were also collected. The December 1978
meal sampling was neither as extensive nor as systematic as that
described above, and che results are nor considered o be valid,
partly due to it being the first test and bugs needed ro be worked
out of the system.

Table I summarizes the testing program. A range of plant sizes
and ages was selected. Three of the plants produced edible flour in
addition to soybean meal. All bur two plants are located in the
Midwest, and all process only soybeans.

Table Il summarizes the results of the meal sampling and
analysis program. There is a weak statistical association between
the overall reported losses of solvent and the measured solvent
residue in the meal following the DT. This is believed 10 be more a
reflection of the difference between reporied loss and actual loss
during sampling than a lack of association between meal residual

35
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and overall plane solvenr luss. The soybean companies provided
sulvent luss records that were based un a two-week tw one-moanth
average. Daily hexane inventories typically do not reflect usage.
The ewo plants with che largest reported hexane losses are planes
thut produce edible suy flour. Plane D stands out from the others.
This plane must not have been vperating normally ac the time of
sampling. The hexune residual in the DT meal itself equals a
solvent loss of neatly one gallun per ton of suybeans.

Before making eny further judgement about these results one
imporeant face must be mentioned. After che meal sumples were
collected chey were chen chilled 2nd stoced uncil analysis would be
perfurmed. The problem is thut most samples were not analyzed
for a monch or more, We may have lost sume viluable data be-
cause of the delay. However, | think we can salvage some infor-
mation from these meal samples.

Fifceen triplicate samples were analyzed at different times. For
example, there were o few DT samples unulyzed abour eighe or
nine days after cthe samples were collected. Other sumples taken ac
the sume time and plice were unalyzed diree to four weeks later
and almust without exceprion those unulyzed lacer showed lower
hexune residuals, As you can see in Figure | there appears o beu
definite trend downwards with cime. Anuther interesting obser-
vation is thuse samples wich higher initial residuals showed a
morce dramatic loss, or reduced derection, of hexane afrer addi-
tional storage.

EPA amd anuther contractor investigated this appuarenr de-
gradation of hexane in soybean meal and found under lubor-
atory conditions thac the hexane was nor lost afrer scorage
periods of 2 month or more, There was not a problem of leaking
boreles. They cuncluded chat something abour the sulvent extrac-
tion and desolventizing process itself created certain condirions
where the hexane was maodified or bound to the meal so chac ic was
not derecced under analysis.

This discussion abour analysis and sumpling is meanr to sup-
pore che ides that che residuals reported in Table 2 are probably
lower than the scwal levels, How much below the acrual levels

FIGURE 1:

Errect Of Storace On Measurep Hexane Resiouad
{tripticate samples analyzed atter different storage periods)
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we cannot suy. However, we should be able to make sume reasonable
judgemencs about what the tes¢ results mean. Additional informa-
uon that we should look ae, along wich the meal residuals dara, are
the hexane emission resules. The venes sampled were the 1) main
vent following a mineral vil scrubber, 2) che dryer exhause stack,
and 3) the cooler exhause stack. We are fairly confident chat the
tesults reflect che actual levels found ac che time of testing.
Table 3 dues show a few things, | believe. Firse of 2ll, the main
vent when properly sized and concrolled by a mineral oil system
does not contribute greatly tw the overall solvent losses. Unfoc-
twnutely, there were some sampling equipmenc problems with

TABLE [ — Sustaary Or Soveean Prant Tests

Stak Waste
Approximate Sice Meat Sampling, Warer (eA]
Planr Ty Loy Time of Visie Sanples Hesane Samples Samples
A <1000 Summer {4749 X
B <1000 Surmmer 1479 N
C LS00-2.000 Summer 1979 X
[H 2500 Spring JU79 X X X X
E 21 000 Summer [979 X .
I >loun Suthmer YT X
G 1,594N)- 2 0 Suinmer (Y10 X
H [TV IRAT E 4] Sumiener 1979 N X X
1 154K 2 (0nd Sumnter V7Y hY
] EARLLY Whnter (1YTN-Th b X hy
TABLE Il — Muear Sampuna Rusunrs
HReprertend Tinal
Hexane Luss Nusmber uf
(g llans 7 pan Nampies Per Average Measwred Heaane Levels, PPM Lo Soybean Meal
Plamt secdy Sue
Flash Final
328 Dryer Casoler Millioy: Dresolveatizing Cuoling Luible
- A i3 N 20 Lin us
) 1.7% v 2 (V4] R e 1% 95 1,760 TS
-C , v 2 2069 1o R
§) 4 HS * 15 3,205 LGS 1,500 vt .
[ 22 . 21 a1 20 163 ] LS
¥ [0 21 Y% 109, TR YA 4935 35
- G oy 2 6% RS 1%%
H 0.3 Re 170 103 1% s
| .9 21 R ) ()] 419
M n7y - B G W) [£] 55

+ Only 3 samples collegeed. b Puss flash tube, 15 samples. . Best full desalvendization, 6 samiples., J Many fewer samples, great variaoun in duplicate sumples.

*Provided by suybean plant representative.

NOTE: Conversion Factor—100 ppm * 0.03 gatlons of hexane eesidualfan of suybesn pricessed.
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testing the main vent ac Plant H and the resulting dara tor the
main vent are not presented fur they are invalid.

The dryer vene duca are critical to understanding where hexane
is lost. Again the testing program had shurtcomings in that une
plant could not be cested for dryer hexane emissions due
= operating und design features. Looking ac che resules from Planes
Jand D we see greatly different estimaies of hexane vmissions. |
believe these emission are in proportion to the smount of hexune
that is being carried out of the DT, Planc D hud high levels of
hexune in DT meal. This implies thae che DT wus noc effectively

TABLE 1}l — Vent Strueanm Test Reserts

(Galluns Sulvent Emitted/Tun Suybeun)

MAIN VENT rtulliwag minersl o scrubber)

Plant ) Plant H Plunt D
0l Sanipie prublems uul
oyl Nu reportable Jues. uul
(1105 ougl
ons oul

e avy DL avg
DRYER

Flang ] Plant H Plane D
[
nus
i NOT [F10e. ]
bir? TESTED use
Ul {50

HOi avp 1} 35 avp

COOLER

Plant J Planc H Plant D
O (LR
301 0.001 SRV
>un) 0.ous LTIV
0 0ons [t
>l 11 e
St avy OO avy LLELAIFINY

remouving the hexune and would also explain why su lictle hexane
was found in che main vene, given thar the two sulvent recovery
systems ar Planes | und D are designed for equal efficiencies. All
cooler vents showed Yiedle hexane being dreiven off the meal in the
couler,

[nterpretation

Returning to rhe meual sampling results and inlighe uf cthe vent
resules 1 will attempt o muke some judgements us o their
meaning. The meul cotlected from the discharge end of ¢he DT
shuws hexane coneents canging from 0.03 o nesely une gallon per
wn. If we look just ar chose planes that uppear o have been
operating nurmally, ie., throw out Plant D for the reasons
mentioned earlier, and exclude planes chat produce flour, the
range is from 09 galluns w29 gellons per con, 1n uther words,
from 13 per cent to 50 per cent of the ol repurced luss was found
in the meat exiting che DT, These estimates ace probably low
because of the storage problem already discussed. Thus, under
steady seate conditions, the meal is careying away a sizeable
purtivn of the totat hexane loss, but prubably not a grear majoricy
uf the luss.

Another interesting poing is the average percentage luss of
hexane across the dryer. On cheaverape, approximately one-third
of the hexune residual was lost alter pussing theough the deyer.
This may not be oo significant in cerms of weal solvent toss, but
in the case of Pl D) it was over four-tenths of 1 gallon, and this
is confirmed by the nearly four-tenths of o gallon thar was fuund
at its deyer vent. So under condicions where the DT s noc effi-
ciendly desulvendzing, a lurge amount of hexane appurently will
be driven off in the dryer. Nut having studied the stucked cooker or
even Schniecken tubes, us found in muny coronseed oil mills, |
cannot say if this is likely o happen in these types of dryers, but
I would assume hexane would continue @ be driven off in
sigmificant amuunes if DT's are noc efficiendy desolventizing.

Where is the remuinder of che solvent going? 1 we can account
for only 30 per cent of the hexane in the meal exiting the DT and
aauthier five por cent, JeCs say, coming from the venr syatem, there
need w0 be other places where the bexune 15 lost. Sume is not
recovered from the uil, but vur tests fuund oaly trace amounts in

We manutacture an extensive range of wear resistant parts
for all makes ot Screw Presses used in the Animal Fats
and Vegetable Oil Processing Industries.
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We guarantée quick and reliable deliveries. tn addition, we
hotd stock an many standard items. .

. Our praducts are of the highest quality ensuring excellert
product lifetime and maximum cost etfectivenass.
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technical staff are atways available to .
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the crude oil, Likewise, wastewater was tested at two plants and
only craces were detected. There appears to be no reason for
hexane to be lust via oil or wastewarer under normal cenditions in
a well designed plant.

What remains is cthe contribution of fugitive emissions and
shitdown or breakdown losscs o overall plant lusses. In our
aempts to add up the admittedly crude estimates of hexane losses
via meal, main vent oil, and wastewater, we assigned additional
hexane losses of 20 to 25 per cent for fugitives and shutdown and
breakdowns. It could be even higher, for all these assigned esti-
mates should reflect well designed and uperated solventexcraction
mill.

A plant thar is losing more than une gallon of hexane per ton of
seed is definitely open for improvements in one or more of the
following areas:

1) desolvenrtizing,

2) vent system,

3) oil desolventizing,

4) maintenance of seals. gaskers, valve stems, etc.,

3} purging systems with solvent recovery.

I will leave to the engincers and plant managers che rask of
improving solvent recovery with plenty of help from escalating
prices for solvent. [ hope the information presented here will
prove to be valuable

REFERENCES
1. Dupuy, H.P., and 5.P. Fore, JAOCS 47:231 (1970},
2. Fore, S.P. and H.P. Dupuy, Ibid. 49:129 {1972).
3. Wan, P. | eval, Ibid. 54:542 (1977).

Presented to the Short Course fur Qi Mill Operators, Texas A&M
University, College Station, April 1981.

Billy R. Lester Joins IMPCO

Effective July 1, Billy Lester joined the
‘engineering staft of Industrial Metal

Products of Phoenix, Arizona. Billy is
the son of past IOMSA President Bill and
Lela Lester.

Billy and his wifa Beth along with their
four children have resided in Phoenix for
the past five years. Billy is a 1975
graduate of Texas Tech University in Lubbock and at the
time of his graduation was employed by Plains
Cooperative Oil Mill,

He tirst joined IMPCO in 1976 working on dust control
system design. In 1978 Billy joined the engineering staff of
Anderson Clayton Co., Qilseed Processing Division, in
Phoenix. For the past three years, his responsibility has
been in the area of air and water poliution control and was
also involved with new project construction at the various
ACCO mills.

In making this announcement Boyce Davis, president
of IMPCQ, said that he is very pleased to have Mr. Lester
back with their company and that he will play a vital rolein
the company's growing involvement in the oilseed
processing industry.

Secretary of Agriculture John R. Block has announced that the
Food Safety and Quality Service will be transferred to the juris-
diction of Assistant Secretary C.W. McMililan. FSQS and the Agri-
cultural Marketing Service will then be reorganized to emphasize
the department’'s marketing functions. Under the reorganization,
the commodity services program will move from F5Q5 to AMS,
where it was located prior to 1977.

- removabl
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EMISSION SUMMARY

Seed Cleaner #1

A-60

CONSTITUENT ARUN #1 RUN #2 RUN #3 AVERAGE
Total Particulate
gr/DSCF 0.0061 0.0049 0.0066 0.0059
ibs/hr 0.10 0.08 0.10 0.09
Metals (Ib/hr)
Arsenic <0.00001 <0.00001 <«0.00001 «0.000071
Beryililum <0.00002 <0.00001 <0.00001 <0.00007
Cadmium 0.00003 0.00004 0.00001 o0.00003
Chromium 0.00007 0.00004 0.00006 0.00006
Hex Chromium <0.00001 <0.00001 «0.00001 <0.0000171
Copper 0.00008 0.00012 0.00010 o0.00010
Lead D.00004 0.00004 0.00006 o0.p0005
Manganese 0.00005 0.00003 0.00006 0.p0005
Nickel 0.00016 0.00014 0.00020 o0.00017
Zinc 0.00032 0.00025 0.00077 0.00045
Mercury 0.00006 0.00003 0.00004 0.00004
Selenlum <0.00001 <0.00001 <0.00001 <0.00001
Crystalline Sllica
Alpha Quartz, % 4.5-5.0 3.5-4.3 8.0-9.2 6.0-6.2
Ib/hr 0.0047 0.0031 0.0086 0.0055




Total

CONSTITUENT

gr/DSCF
Ibs/hr

Metals (Ib/hr)

Arsenic
Beryllium
Cadmium
Chromlum

Hex Chromium

Copper
Lead
Manganese
Nickel
Zinc
Mercury
Selenlum

Crystalline Silica

Alpha Quartz, %

Ib/hr

Particulate -

EMISSION SUMMARY

Linter cyclone #2

RUN #1

0.0423
3.20

0.00001
<0.00004
0.00029
0.00157
0.00001
0.00060
0.00052
0.00062
0.00211
0.00285
0.00604
<0.00001

0.5-0.7
0.0192

A-61

RUN #2

0.0404
3.05

0.00002
<0.00004
0.00036
0.00064
0.00001
0.00058
0.00039
0.00033
0.00111
0.00201
0.03289
<0.00001

RUN #3

0.0508
3.83

<0.00001

AVERAGE

0.0445
3.36

0.00001

<0.00004 «<0.00004

0.00012
0.00063
0.00001
0.00034
0.00020
0.00044
0.00134
0.00162
0.00053

0.00026
0.00095
0.00001
0.00051
0.00037
0.00046
0.00152
0.00216
0.01315

«<0.00001 <0.00001
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Office of Air Quality Planning and Standards
Research Triangle Park, North Carolina 27711
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