
fortified natural broth and carrying it 
through the recovery process up to the 
point of the final precipitation. To test 
the first method six 25-ml. aliquots were 
taken and varying amounts of calcium 
hydroxide \cere added as shown in 
Table V I I .  The reaction proceeded 

Table V I I I  illustrates the results of 
the second methoc,, wherein calcium 
chloride and sodium hydroxide are 
added as the precipitating agent and 
shows that either method may be used, 
and neutralization need not be carried 
beyond a p H  of 5 to 5.5. This will 
avoid the precipitation of calcium 
carbonate. To recover a higher per- 
centage of cu-ketoglutaric acid it is advis- 
able to concentrat’: the filtrate and 
recycle it through the recovery process. 
The  quality- and purity of the salt can be 
improved by \cashing with several small 
portions of \cater before it is dried at 
100’ C.  At this temperature the rchite 
monohydrate is obtained which is 
stable u p  to 170’ C. 

slo\vly. 

Results 

A number of small and several larger 
scale laboratory recovery runs have 
been made using the recovery process 
just described. The pertinent data are 
presented for the small scale (100- to 
200-ml. initial volume of broth) runs in 
Table I X .  I n  each case the starting 
material was a natural broth, in some 
cases fortified with extra a-ketoglutaric 
acid. All samples were acidified to a 
p H  of 1 .0 with the acid as indicated, and 
all precipitations are carried out by 
addition of calcium hydroxide to the 
final pH.  Recovery is reported as per 
cent of theoretical for easy comparison. 

These results represent no attempt to 
recover the a-ketoglutaric acid remain- 
ing in the filtrate after precipitation, and 
yields were presumed to be low because 
of the inevitable losses occurring in 
making filtration and separation on a 
small scale. 

Several larger scale runs were also 
made; one involving a 4000-ml. sample. 
the other a 1300-ml. sample. Recovery 

Table VIII. Results of Precipitation 
with Calcium Chloride and Sodium 

Hydroxide 
a - K G  

Concn. 
Weigh t  in 
of Dry Filtrate, 

NaOH a d d e d ,  Precipitate, prno/es/ 
MI. pH Grams MI. 

1.97 3.60 0.73 . . .  
2.34 4.08 1 .20  97 
2.66 4.80 1 .26  87 
2.84 5.57 1 .20  90 
2.86 5.86 1 . 2 8  88 
2.90 6.38 1 .17  96 

Table IX. Recovery of a-Keto- 
glutaric Acid in Small Scale Runs 

Initial 
a - K G  

Concn., Acid Final Recovery, 
pmoler/MI. Used P H  % 

209 H2SOd 5 . 0  69 
222 HC1 4 . 5  41 

305 HC1 5 . 0  62 
322 H2SO4 5 . 2  69 

FUMIGANT R ES I D  U E S 

Residues in Milled Wheat Products 
Resulting from Spot Fumigation of 
Mill Machinery with Halogenated 
Liquid Fumigants 

ANITARY practicr in flour mills S involves a constant vigilance for 
infestation of any insects within the mill 
or mill machinery. When a problem 
\vith insects does occur, the most com- 
mon practice is to control it by fumiga- 
tion. The liquid halcgenated fumigants 
are effective lchere the machinery is 

in the first was 607,, and the product 
analyzed as 91% Ca a-KG.Ht.O. 

Better results lvere obtained in the 
second smaller run (1 300-ml. sample) 
and the yield was 73yc. The product 
was more thoroughly washed and analy- 
sis gave 100.8% of the monohydrated 
calcium salt. Again. no recovery from 
the filtrate was attempted. 
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involved, being introduced directly into 
the machinery. 

Studies have been made on residues 
resulting from fumigation with liquid 
grain fumigants as direct fumigants for 
grain (7 ,  5). However, data are lacking 
on residues resulting from spot fumiga- 
tion of mills and subsequent start-up of 

the milling operation. The purpose of 
this report is to shoiv the safety of the use 
of fumigants containing ethylene di- 
bromide, carbon tetrachloride, and 
ethylene dichloride in mill machinery 
from the standpoint of residues in prod- 
ucts made from wheat going through 
the mill. 
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Experiments were carried out in which three mills were fumigated with different mixtures 
of halogenated liquid fumigants. Samples of various process streams were taken inter- 
mittently after start-up of the mills, with subsequent determination of the amount of residue. 
The practice of setting off the early run and blending it back when the mill is  on stream 
reduces the residue content to negligible levels. 

Experimental 

Fumigation with Dowfume EB-59. 
Dowfume EB-59 fumigant (Dowfume 
and EB-59 are registered trade-marks 
of The DOW Chemical Co.) has 1007c 
active ingredients consisting of 59% 
ethylene dibromide, 32y0 carbon tetra- 
chloride. and 9% ethylene dichloride. 

Both the cleaning house and the mill 
proper were fumigated with Dowfume 
EB-59. .\ total of 5 . 5  gallons of fumi- 
gant was utilized in the cleaning house 
and 25 gallons \Yere used in the flour 
mill. 

DOSAGES. The dosages recommended 
on the label \vere folloived as much as 
possible. Some deviations were made 
because of the varying sizes of mill 
machinery, such as boots, conveyors. and 
elevator legs. Table I gives actual 
amounts used throughout the mill. 

The spot fumigation of the mill was 
completed a t  4:30 P.M. February 18 
and the mill resumed operation a t  
7 :30 4.11. February 20. 

Temperatures throughout the mill 
during the time of the spot fumigation 
were between '0' and 8 5 O  F. 

A spot fumigant applicator was used 
for applying the fumigant and periodic 
checks showed that dosages varied 410.5 
ounce. 

'The procedure followed by the mill 
when starting up after a spot fumigation 
is as follo\vs: 

The first half-hour run of patent and 
first and second clear flours is directed to 
a setoff bin, a t  the end of which time these 
flours are blended back into the mill 
stream a t  a ratio of about 8 parts of mill 
stream to 1 part of setoff. 

The pre- and postfumigation samples 
taken were those given in Table 11. 
Samples of the first and second clear 
flours during blending were not taken 
since blending \vas not to be done until 
a later date, because of the particular run 
being made in the mill at this time. 

A l l  samples obtained were immediately 
placed in polyethylene containers and 
inserted in metal cans with friction-type 
lids. 

S o  methyl bromide \vas used during 
this fumigation. 

The capacity of the mill fumigated is 
10>000 mvt. in a 24-hour period. 

Fumigation with Dowfume EB-15. 
Dowfume EB-15 inhibited fumigant 
(registered trade mark of The Dow 
Chemical Co.)  is a mixture of the 

Table I. Dosage and Application Schedule of Dowfume EB-59 in Flour Mill 
location in Mill Notes Dosage, Fluid Ounces 

Elevator boots 

Con\ eyors 
Sifter sections 
Dust collector trunks approx. 

Bran dusters 
Purifiers 

Roll stands 
Roll stands divided 
Roll hoppers 
Elevators. 

Heads 
Up and down sides 

Flour bins, empty 
Stocking dust collectors 

18 inch diameter 

spouts 

8 inches wide (majority) 
>8 inches wide 
For each 15 feet 

For each 10 linear feet 

2 conveyors each 
Metal 
Above gate 
To each side 

Applied to bottom 
On bottom 

8 
12 
4 
12 each 
4 

8 
4 per conveyor 
Not fumigated 
4 
4 
Not fumigated 
Not fumigated 
8 or 12 ounces depending onlsize. 

Applied 8 ft. from top of head 
8 
4 

Table II. Bromide Residues in Flour from Mill Fumigated with Dowfume 
EB-59 

Residues, P.P.M.  
In. 

Description organic 
Sample Prefumigation Postfumigotion Total Br Organic Br Br av. 

A-1 
-A-2 
.1-3 
A-4 
B-1 
B-2 
c-1 
c-2  
D-1 
D-2 

E-2 
F-1 
F-2 

E-1 

G- 1 
G-2 
H- 1 
H-2 
K- 1 
K-2 
N- 1 
N-2 
0 -1  
0 - 2  
P- 1 
P-2 

\Vheat 
\Vheat 

\Vheat 
LVheat 

Patent flour 
Patent flour 
First clear 
First clear 
Second clear 
Second clear 

Patent 
Patent 
First clear 
First clear 
Second clear 
Second clear 
Patent. blended '/? 

Patent. blended 
hr. 

l l /? hr. 
Patent, blended 3 

hr. 

3 hr. 

blended 3 hr. 

First clear: blended 

Second clear. 

7. 8 
10. 8 
1 .  6 
4. 4 
5.  5 
9 ,  11 

11. 12 
10. 12 
15 .  12 

9 .  6 
827. 933 

1107, 1077 
, 636 

727. 700 
1410, 1500 
1090. 1200 

24. 22 
21. 23 
59, 57 
60. 56 

8 .  5 
13. 14 
22. 20 
6. 5 
5? 8 

27. 27 

0 .  1 7 

1072. 962 
563, 544 
710. 630 76 

1090, 1112 
1047, 1051 215 

18. 18 
18. 18 5 
40, 50 
59 .  60 6 

4. 8 
4 .  4 12 

a Organic bromide higher than total in sample E-1 probably because of necessity of 
rerunning total bromide after considerable time lapse. 

following composition by weight: C2HI- The mill was run dry before fumiga- 
Br? 20.4%, CCll 57.0%, C,H,Cl? 19.67,. tion. A spot fumigant applicator. which 
and inert ingredients 3.07,. \\-as calibrated for proper delivery 

This fumigant was applied in the mill before use. was used for injection of the 
a t  the maximum rates specified by the liquid fumigant. No fumigant was put 
label. Table I11 gives the rates used on the sifters. as they might become 
and the method of application. plugged. 
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represented the wheat which had been 
Table 111. Dosagle and Application Schedule of Dowfume EB-15 Inhibited gding the when it was run 

dry. The  setoff flour as the mill went 
down before fumigation came from the in Flour Mill 

locotion 

Ele\.;itor boots 

Rolls ( in  each side) 
Keel and purifier con- 

Bran and short$ dustcrs 
\ ryors 

spouts 

Flour bins 
Dust trunks 
Con\ eyors 

6- to 8-inch 

1 ( I - .  12-. and 1 6-in8:h 

Elevator heads 

Method o f  Application 

Through hand-hole opening of slide 
spout, through slide in side of ele- 
vator boot, or through hole 
drilled in boot 

Into spouts above 
Pour along entire length 

Hand hole at top or any opening 
Into convenient hand slides 

Splash on wall near top 
. h y  suitable opening 

. \ t  convenient points over entire 
length 

length 
.\t convenient points over entire 

Pour around inside 

Dosoge, Fluid Ounces 

6 

6 
6 

1 to 2 per floor length (for 
Mediterranean flour 
moth only) 

6/100 cu. ft. 
12 per trunk 

1 to 1.5 per linear ft. but 
not less than 8 per 
conveyor 

less than 16 per con- 
veyor 

2 to 3 per linear ft. but not 

12 

clean \\.heat. Following fumigation. 
\\.hen the mill was started up, samples 
were removed from the mill streams as 
soon as the material started through the 
conveyors. Sampling doors were opened 
and a portion of the stream \vas re- 
moved over a period of several minutes, 
to fill a 1-gallon can. About 15 minutes 
later, the second samples were taken from 
the same streams in the same manner. A 
sample was removed from the setoff 
bin after start-up folloiving fumigation. 
This represents the flour \vhich was setoff 
as the mill \vas run dry. plus that ivhich 
\vas in the mill during fumigation and 
that which went into the mill betlveen 
start-up and on-grade operation. A 
sample was taken a t  10 A . M . .  of the blend 
of the setoff flour with on-grade flour. 
Two samples \cere taken about 30 
minutes after the blending was com- 
pleted. Blending was done  a t  the rate 
of 1 part of setoff to 16 parts of on-grade 
flour. 

The  postfumigation samples were put 
into 1-gallon friction top cans. uhich 
were tightly sealed immediately after 

Organic Organic Tofal 'norganic sampling. They were shipped to Mid- 
CI Br Br Brr" land, hlich.. a \veek after collection and 

Table IV. Resiutjes of Organic Chloride and Bromides in Wheat Fractions 
froni Fumigation of a Mill with Dowfume EB-15 

P.P.M. Residues o f  

Sampled of Producl 

\\.heat 
\Vhcat (dirty 
1st break flour 

1st rniddlinqs 

Shorts 

P';ltr.Ilt f l o u r  

1st clrar 

Setoff bin 
Blend 
Blend 
Patent tiour 
Patrnt flour 

Pr efumigation 
Pr-fumigation 
PrIEfumigation 
Start-up 
Start-up + 15 min. 
Prssfumigation 
Start-up 
Start-up + 15 min. 
Pritfumigation 
Start-up 
Start-up + 15 min. 
Pr'zfumigntion 
Start-up 
Start-up f 15 min. 
Pr~:fumi~ation 
Start-up 
Start-up + 15  min. 
Prtifumiqntion 
Start-up 
Start-up f 15 min. 
Pr~-fumi~ation 
Start-up 
Start-up + 15 min. 
Pr8:fumiqation 
Start-up 
Start-up + 15 min. 
Pr8:fumiyation 
Start-up 
Start-up + 15 min. 

Start-up 
Bqinninq 
10 .A.M. ' ,  

' / p  hour postblend 
Be.bre blcach 

1 .  0 
3.  1 
0. 0 

22. 22 
1 .  0 

0 .  0 
42. 48 

2 .  2 
0, 0 

58. 71 
2. 2 
0 .  0 

91. 95 
11. 9 

0 .  0 
69. 62 

1 .  0 
0. 0 

35, 36 
10 .  9 
0 .  0 

1 9 .  15 
9 .  9 
0 .  0 

43, 46 
25. 25 

0.  0 
8 .  8 
3 .  3 

34. 37 
8 .  7 
1 .  1 
3.  2 
1 .  1 

0. 0 
0 .  0 
0 .  0 

18. 18 
3.  3 
0 .  0 

156. 144 
3. 3 
0.  0 

211. 220 
6.  6 
0. 0 

258, 250 
24. 22 

0 ,  0 
158, 162 

2.  2 
0 .  0 

69. 68 
18, 17 
0. 0 

69. 68 
28. 30 
0 .  0 

110. 106 
69 .  70 
0 .  0 

17. 17 
5 ,  4 

83. 85 
18. 20 
1 .  1 
2 ,  3 
2. 2 

" Inorqanic = avernge of total - average of organic bromide. 
'I M i l l  on-grade. bknd of 25 c\vt. setoff to 400 cwt. on grade flour. 

12. 11 12 
14. 12 13 
10. 10 10 
27, 27 9 
14. 16 12 
8: 10 9 

156. 154 6 
35. 38 34 

9 .  10 10 
252. 250 36 

8 ,  10 3 
6.  7 T 

306. 310 54 
37. 35 13 

7.  6 7 
259. 248 104 

12. 15 12 
11. 14 13 
91. 93 24 
31. 30 13 
2. 5 4 

80. 81 13 
28. 30 0 

6 .  5 6 
208. 210 101 
105. 103 34 

7 .  8 8 
73. 70 55 
20. 21 16  
97;  98 14 
37. 35 17 
20. 21 20 

9 .  10 7 
10. 12 9 

120110\\-ing the fumigation. the mill Samples of the various products, such 
\vas allo\ved to stand for about 40 hours as dirty and cleaned \\.heat. were re- 
before it \\as started up. Temperature moved from the mill prior to fumigation. 
of the mill \vas 65' to 75" F.. during the The  dirty wheat sample represented the 
fumigation. I t  \vas started a t  7 : 3 0  Tvheat going into the mill on start-up 
A .  hl . after fumigation, Xvhile the clean \\.heat 

then' stored 'in a freezer until they were 
analyzed, Ivithin a feiv \veeks. 

EDB-60 Fumigation. Fumigant 
EDB-60 is a special mixture containing 
5970 ethylene dibromide, 337, carbon 
tetrachloride, and 87" ethylene dichlo- 
ride. 

The  mill in preparation for fumigation 
was run almost dry after the incoming 
grain was shut off at the first break rolls, 
to reduce the quantity of flour and inter- 
mediate stocks lying in the equipment. 
The equipment a t  the tail end of the 
mill was still heavily loaded. The  stag- 
nant stocks lying beloiv screws. in con- 
veyors, on ledges, under the cups. in 
boots, etc.? are periodically removed and 
diverted to feed. O n  this occasion the 
folloiving equipment was cleaned : all 
sifter boxes. all sifter stubs. all roll 
hoppers, conveyors above packer bins. 
packer bins (inside). and flour conveyors 
on the deck. 

The  fumigant was introduced into the 
equipment and mill stream through 
small ports by means of a semiautomatic 
dispenser in rvhich the liquid fumigant 
remained under 40 to 60 pounds' pressure 
a t  the nozzle. The  application ports are 
relatively close together, so that good 
distribution of the concentrated vapors is 
assured. Normally, a n  8-ounce shot 
(by measure) is applied at each port. 
A total of 30 gallons of EDB-60 was used 
in the mill and cleaning house area. 
This is a t  the rate of 0.5 gallon per 100 
clvt. daily production. The  inside tem- 
perature of the building and interior of 
equipment was held at about 74' to 
78' F. The  jvindorvs and doors of the 
building were not sealed, as is required 
for space fumigation. The exposure 
period from end of application to the 
start-up time was 38 hours. A normal 
lo\v velocity ivind prevailed. 

Samples were dra\vn on the XX 
(straight grade) grade stream at the 
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when the latter is considered to be of 
acceptable grade. Some mills follow a 
similar practice \\ith feeds, setting off 
the first 20 minutes of run and feeding 
them back into the stream 48 hours 
later at a slow rate (8) .  This study 
indicates that this practice \vi11 reduce 
residue levels from mill fumigation with 
these fumigants to insignificant levels. 

Stenger and Mapes (7) baked rolls 
which contained ethylene dibromide in 
flour as a result of milling wheat fumi- 
gated with liquid grain fumigants. 
They found that all of the organic 
bromide disappeared. hfunsey and co- 
workers (4)  baked rolls using flour to 
which carbon disulfide, carbon tetra- 
chloride. ethylene dichloride. and 
ethylene dibromide were added. ‘They 
found that ” ,  , .even high levels of 
fumigants in flour will not persist as 
such in the bread.” 

O n  the basis of the above findings 
and the results reported here. it was 
concluded that the use of these fumigants 
to control insects in flour milling 
machinery Ivould not result in harmful 
residues in the milled products. 

Table V. Residues Found from Fumigation with EDB-60 

Sample Sampling Bromide, P.P.M. 
Number Time, A.M. Total Organic Inorganic 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

7 231, 228 

248: 247 
7 5 >  77 
59,  61 
33. 31 

547, 556 
41, 39 

147, 138 
190 
409 
145 

7:05 
7:lO 
7:15 
7:20 
7:25 
7:30 

103. 102 
27, 25 
46. 47 

50 
13 
26 
28 56; 55 

41, 44 
29, 26 
22, 25 
24: 22 
25, 26 
14, 19 
36. 39 

7:35 
7:40 

36 
18 
16 7:45 

7:50 
7:55 
8 
8:lO 

11 
12 
13 

3: 3 20 
9 
9 

14 
15 
16 
17 

32 
25 8:20 

8:30 
8:40 
8:50 
9 
9:30 

10 
10:30 
2 : 30 P.M. 

31; 37 
23, 27 
17, 14 
17. 14 

9 
5: 6 11 

12 
2 0 
21 
22 

is 
19 
20 

3; 3 
2 ,  2 
3, 4 
3. 2 
4 ,  4 
3,  2 

27: 30 
24. 25 

21 
22 
23 

25. 24 
14, 8 
16. 17 

7 
14 

point where it is pneumatically conveyed the s a n e  level as the prefumigation 
to the storage bins. The samples. The inorganic bromide res- 

first hour, samples were taken at 5- 

10-minute intervals; the next three. On the 
a t  30-minute intervals. The last flour A fumigation to obtain data on 
sample in the series was taken 41,‘2 hours residues resulting from the organic 
later. chloride components of the fumigant was 

began at the time Of 
A ‘ M ’  February 26,  

minute intervals; 

start-up. idue which is calculated as difference 
bet\\.een the total and organic had 
dropped to a level of to l 2  P’P,m‘ 

During the 

the second hour, a t  
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carried out xvith Dowfume EB-15. 
This fumigant was chosen because of its 

The were for large content of carbon tetrachloride 

gives the results of the analysis of the 
samples from the fumigation \vith Dow- 
fume EB-15. In  all cases, residues found 

Analysis 

bromide by the method Of Shrader and and ethylene dichloride. Table IV coworkers ( 6 ) .  Organic bromide was 
determined by the M~~~~ and shrader 
procedure (3 ) .  Organic &loride was 
determined by the distillation-combus- 
tion method of Mapes and Shrader (2). 
Recovery of ethylene dibromide and 
ethylene dichloride added to wheat and 
flour was in the range of 75 to 110% 
with from 5 to 93 p.p.m. added. In- 
organic bromide was determined as the 
difference between total and organic 
bromide. 

Results and Discussion 
The results of the residue analyses from 

the fumigation with Dowfume EB-59 
are given in Table 11. I n  samples E, F, 
and G both total and organic bromide 
residues were high when the mill was 
started up immediately following the 
fumigation. This would be expected, as 
the first flour coming through would 
pick up the fumigant residing in the 
machinery. Starting with sample H, 
however, where the first flour was 
blended back into the run of the mill, 
the residues have dropped to just about 

after 15 minutes of mill operation were 
well below those found at mill start-up. 
This indicates an extremely rapid rate of 
dissipation of the fumigant. Only low 
levels of the fumigant were detected in 
the patent flour as a result of the fumiga- 
tion-i.e., 7 to 8 p.p.m. of organic 
chloride and 18 to 20 p.p.m. of organic 
bromide when the blending began. 
These values rapidly dropped as the 
blending was completed. 

Results from the EDB-60 fumigation 
are given in Table V. The  organic 
bromide content of the first flour started 
at a high level, but dropped rapidly. 
After the first hour and a half, the levels 
of bromide residues dropped to a low, 
steady state value. 

I t  is traditional in milling to divert 
the first flour after start-up to a setoff 
bin until the mill is “balanced.” The 
flour is fed back into the stream slowly 
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