
Table 1. Percentage Recovery of 
Dieldrin from Butter Fat" 

After Through Net 
Part;. the (Two Steps) 

tioning Column Theore- 
Only Only Actual tical 

NEMATOCIDE RESIDUES 

Determination of Total Bromine 
Residues in Agricultural Crops by 
Instrumental Neutron Activation Analysis 

82.32 93.03 69.11 
79.23 87.07 73 .42  
79.95 90.99 71.36 

V. P. GUINN' 
Shell Development Co., 
Emeryville, Calif. 

J. C. POTTER 
Shell Development Co., 
Moderto, Calif. 

80.32 99.43 81 .55  
81.67 94.07 86.02 

80.70 92.91 76.29 74.89 

" Each value in the table was obtained 

Av. 

on a different sample of butter. 

fat which is difficult to remove efficiently. 
The  first 500 ml. of eluate from the 
column is almost completely free of all 
traces of this fraction. Trace quantities 
which may interfere on the chromato- 
gram will elute in the last 500 ml. 
However, the quantity present in the 
entire 1 liter of eluate does not interfere 
in the counting of the C14-labeled ma- 
terial, and it was not toxic to mosquito 
larvae. Only 2% of the larvae were 
inactivated after 215 minutes using the 
Burchfield e t  al. technique ( 2 ) .  indicating 
that this cleanup technique might be 
useful prior to bioassay work. 

The amount of solvent used for the 
addition of the residue to the column 
is very important as indicated in Figure 
3. If the residue is dissolved in a small 
volume of solvent, there is coprecipita- 
tion of the dieldrin when the temperature 
on the column is dropped to -70' C. 
If. ho\vever, a volume of 100 ml. of 

solvent is used for the transfer, the re- 
covery value is increased from 57.0y0 in 
the first 500 ml. of eluate to 72.0%. 
The  increase in the amount of dieldrin 
in the earlier fractions of eluate takes 
place without any shift of the peak. 
The  lower graph in Figure 3, showing 
57.0% recovery for the first 500 ml. was 
allowed to warm up  to room temperature 
overnight with approximately 25 ml. of 
solvent above the upper surface of the 
column. The  column was cooled again 
to -70' C. and another 500 ml. of 
eluate was collected. Another portion 
of the dieldrin came off the column with 
a peak after 300 ml. had passed through 
the column. This suggests that the 
dieldrin, which had coprecipitated in the 
fat during the first drop in temperature 
with only 25 ml. of solvent present, must 
have gone back into solution after the 
column had warmed to room tempera- 
ture, and a portion of it remained in 
solution when the temperature dropped 
again to -70' C. 

Columns which \yere eluted at room 
temperature retained very little of the 
residual fat when acetone was used as the 
eluting solvent. Furthermore? the resid- 
ual fat remaining after partitioning 
may be precipitated in acetone at -70' 
C.. but all the fatty material is not re- 
moved. These observations demonstrate 
the need of the lo\< temperature and of 
the column. Quantitative recoveries 
were obtained for dieldrin which was 
added to the residue remaining after 
partitioning 50 grams of butter oil (Table 
I). 'The theoretical value of 74.89% 
was calculated from the average re- 
covery values from each of the t\vo 
cleanup steps. 

One hundred grams of lettuce con- 
taining added C14-labeled dieldrin was 
extracted by the Klein procedure ( d )  to 
obtain a large portion of the pigments 
and waxes. The  solvent was removed, 
and the residue was added to the column 
described without partitioning and with 
the column operating at  room tempera- 
ture. Eluates were clean enough for 
paper chromatographic analyses. and 
quantitative recoveries were obtained, 
suggesting that this cleanup procedure 
may be applicable to extracts of fruit 
and vegetables as well as butter fat. 
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ARIOUS ORGANIC BROMO-COMPOUNDS V are employed in the field to com- 
bat the destructive action of plant- 
parasitic nematodes. Examples of such 
soil fumigant nematocides are methyl 
bromide. ethylene dibromide, propargyl 
bromide, and 1,2-dibromo-3-chloropro- 
pane (DBCP). I t  is of interest and con- 
cern to determine the extent of the re- 
sulting nematocide residues in edible 
crops. Residue tolerances that have 
been set for some of these organic bro- 
mides are based upon analysis for total 

Present Address: General Atomic Di- 
vision, General Dynamics Corp., San 
Diego, Calif. 

bromine. Existing chemical methods 
for such total bromine determinations in 
crop materials are generally fairly sensi- 
tive and accurate, but quite time con- 
suming. The  present study was ini- 
tiated to explore the possibilities of a 
much faster technique. that of instru- 
mental neutron activation analysis (3-5). 
Check (untreated) plant samples and 
samples of plants grown in soil treated 
with DBCP were analyzed. The  method 
appears to be verv useful. 

Theory of Method 

The theory of neutron activation 
analysis has been discussed previously 

( 7 ,  3-7. 9). However, the application 
of the theory to bromine is aprop6s. 
Reference is made below to the basic 
equation of activation! 

The  Brs' disintegration rate that would 
result from irradiation of 1 pg. of bro- 
mine for 1 hour a t  a neutron flux of lo1* 
neutrons per sq. cm. per second may be 
computed as follows. Normal bromine 
consists of 50.6y0 Br79 and 49.4Yc of 
Br81 ( 2 ) .  The cross section for the 
Br %Bre2 nuclear reaction is 2.6 X lo-" 
sq. cm. per nucleus (Le.. 2.6 "barns") 
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Instrumental neutron activation analysis has been successfully applied to determine bro- 
mine in a variety of crop samples and plant extracts. Both untreated plants and plants 
grown in soil fumigated with the nematocide, 1,2-dibrorno-3-chloropropane (DBCP), were 
investigated. Both accelerator and nuclear reactor neutron sources were employed. 
Bromine levels as low as 1 p.p.m. are detectable in crop samples, and levels as low as 
0.01 p.p.m. in extracts. The method is  rapid, nondestructive, and accurate. 

(2). 'The half-life of BrS2 is 36.0 hours 
(2). Using the chemical atomic weight 
of bromine (79.9), S in Equation 1 be- 
comes 3.72 X 10': Brgl nuclei per pg. of 
bromine. Values o f f  and c to be used 
in Equation 1 are 1012 and 2.6 X 
respectively. Csing t i  = 1 hour and 
t o . 5  = 36.0 hours, the parenthetical. or 
..saturation." term of Equation 1 ac- 
quires a value of 0.0190. Hence, A 
becomes 183 disintegrations per second 
(or 11 .000 disintegrations per minute). 

S:nce Bra2 emits one or more gamma- 
ray photons in each disintegration 
(principally of energies of 0.78. 0.5.5. 
0.62. 0.70. 0.83, 1.03, 1.32. 1.48 m.e.v. 
(10). and a typical sodium iodide well- 
type crystal scintillation counter will 
detect these gamma ravs Lrith an effi- 
ciency of perhaps 707c. the BrS2 counting 
ratr in this case would be about 7700 
c,p.rr.--abo\e a lead-shielded back- 
ground radiation counting rate of only 
about 300 c.p.m. 'Thus: under these con- 
ditions. one might eypect to br able t o  
detect even as little as 0.039 kg.  oi' 
bromine in a sample (i,e.. 300 c.p.m. 
above a background of 300 c.l).rn,) in 
the absence of appreciable amounts of 
interfering activities. Hence, in a 1- 
gram sample, as little as 0.04 p.p.m. 
Br might be detected. Other induced 
radioactivities, pertinent to the case of 
neutron-activated plant samples. are 
discussed in a later section. '['his 
sensitivity of detection could be im- 
proved Curther by the use of a longer 
irradiaticn time. Since the saturation 
term in the activation equation ap- 
proaches a value of 1 as t ;  becomes much 
larger than to.:, the sensitivity of bromine 
detection could be increased by a factor 
or 1/0.0190. or %-fold, if a very long 
irradiation period were used. Higher 
neutron fluxes as \vel1 as the use of larger 
samples increase the sensitivity further. 
7l'here interferences limit the sensitivity 
of  detection. chemical separations can 
be utilized to eliminate them to a high 
degree. as in the work of Leddicotte 
(7) .  Such separations, however. may 
consume considerable time. 

Gamma-Ray Spectrometry 

In  general. samples can be analyzed 
for certain elements by purely instru- 
mental neutron activation analysis if 
no major interfering induced radio- 
activity obscures the activity being 

sought, and if the induced activitv emits 
gamma rays. 

The instrumental method is practicable 
for crop samples because the major 
constituents of plant material (C, H, 0, 
S. S. P) are not appreciably activated 
by slow neutrons (phosphorus is, but it 
does not form a gamma-emitting radio- 
isotope). Hence, trace metals and the 
halogens. which generally are activated 
by thermal neutrons to form ganima- 
emitters. if present. shon up very well 
in the gamma-ray spectrum of an acti- 
vated sample. In  the present study, 
Br, Na, Mn, and K \\ere thus detected 
in crop samples, 

Apparatus and Samples 

In the first phase of this study, check 
and DBCP-treated crop samples were 
activated at a thermal neutron flux of 
about 8 X 10' in the 3 m.e.v. Van de 
Graaff electron-accclerator beryllium 
photoneutron source in the Shell De- 
velopment Company's Emeryville labo- 
ratories. A s  many as six 10- to 30-gram 
samples were activated simultaneously, 
usually for a period of 30 minutes, and 
then counted for 1 minute each in rapid 
succession. The counter used was a 
3 x 3-inch NaI  well-crystal: shielded by 
3 inches of lead. A 100-channel Penco 
analyzer was used with printer and 
strip-chart recorder. In  this phase, 
bromine was detected by means of the 
18-minute BrRO activity. 

I n  the second phase of the study, simi- 
lar samples irere activated a t  a thermal 
neutron flux of about 10l2 in a Triga 
nuclear reactor at the General Atomic 
laboratories in La Jolla. As many as 
12 0.5- to 1.0-gram samples were acti- 
vated simultaneously (as many as 120 
could be activated at one time if desired), 
usually for 30 to 60 minutes. To  mini- 
mize the effect of interfering activities. 
these samples \vex allowed to decay for 
24 to 72 hours before being counted. 
The bromine was then detected by 
means of the 36-hour Br*' activity. .A 
3 X 3-inch NaI Lvell-crystal. shielded by 
4 inches of lead. and an RCL 256- 
channel analyzer. ui th  printer and X-Y 
plotter, were used. 

The crop samples studied were grown 
in large field plots, the check samples 
being untreated, and the others soil- 
treated with the fumigant by the usual 
injection method. One-kilogram repre- 

I 

I 
20 30 
r i a n n t  %unbp- 

Figure 1. Gamma-ray spectrum of 
neutron-activated sample of DBCP- 
treated bush beans 

charnel, m i i r  

Figure 2. Gamma-ray spectrum of 
neutron-activated NH4Br solution 

sentative samples were then taken at 
intervals, chopped up in a Hobart food 
chopper. mixed thoroughly, and aliquots 
taken for activation analysis. 

Results 

In  general, plants grown in untreated 
soil (i.e., check samples) showed, in the 
gamma-ray spectra obtained after 
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Channel c u m b e r  

Figure 3. Gamma-ray spectrum of 
neutron-activated check sample of bush 
beans 

Table I. Determination of Bromine 
Residues from DBCP by Activation 

Analysis (Van de Graaff) 

Applica. 
tion 

Rate, 
Gal- 

Acre 
lons/ 

0 

2 . 5  

5 . 0  

0 

2 . 5  

5 . 0  

0 

2 . 5  

5 . 0  

0 
2 . 5  

5 . 0  

lnter- 

Weeks Duplicates 
Bromine Content, P.P.M. V a l ,  - ~ _ _ ~  

Bush Beans 
<lo,  <10 

2 448! 428 
4 233, 238 
6 77, 70 
6 131. 117 
1 152, 151 
2 269. 231 
4 250. 296 

Lima Beans 
. . . <10 
2 25, 25 
4 21, 15 
6 21 
6 21 

, , . 41: 39 
. . .  47, 63 
4 55, 59 
6 75; 80 

Irish Potatoes 
. . . < l o ,  <IO 
. . . 51. 55 
6 . 53; 51 

. . .  40 

. . .  47 

. . .  94 

. . .  64, 64 

. . , 43, 58 

. . .  49, 49 

Sweet Potatoes 
. . .  <10 
0 96, 95 
1 73, 81 
4 49, 49 
6 78, 79 
2 191, 205 

Two different samples. 

Average 

<10 
438 f 10 
235 f 10 
74 i 10,L 

124 i lo(& 
152 i 10 
250 f 20 
273 f 20 

<10 
25 f 10 
18 i 10 
21 f lot& 
21 i IOU 
40 i 10 
55 A= 10 
5 7 f  7 
77 i 10 

<10 
53 3z 10 
52 f 10 
40 10 
47 f 10 
94 f 10 
49 i 10 
64 f 10 
50 + 10 

<: 1 0 
96 =!x 10 
77 i 10 
49 f 10 
78 f 10 

198 i 10 

activation, the presence of small amounts 
of manganese: sodium, and potassium. 
I n  most cases, traces (< lo  p.p.m.) of 
bromine were detected even in such 
check samples. In  crop samples ob- 
tained from plants grown in fumigant- 
treated soil, a higher concentration of 
bromine was found, generally in the 
range ~f 20 to 200 p,p,m.  

Van de Graaff Studies. Results of 
the Van de Graaff accelerator studies 
employing the induced 18-minute Bra0 
activity are shown in Table I .  The  
duplicate values listed represent bro- 
mine values computed a t  two different 
decay times from a single activated 
sample. The  uncertainty shown for 
each average value is estimated from 
the counting statistics of the observed 
0.51 plus 0.62 m.e.v. photopeak areas 
of Br80: above the underlying Compton 
level. I n  the \'an de Graaff studies. no 
bromine was observed in any of the 
check samples. It is estimated that, in 
the presence of the other induced activi- 
ties, this means that less than 10 p,p,ni, 
bromine was present. An illustrative 
gamma-ray spectrum of one of the acti- 
vated samples (bush beans, 124 p ,p ,m,  
Br) is shown in Figure 1. In  this spec- 
trum the 0.51 and 0.62 m.e.v. photo- 
peaks of Bra0 and the 0.84 m.e.v. photo- 
peak of 2.6-hour h W G  are clearly seen. 
-4 pure Br80 spectrum, obtained by 
activation of an aqueous solution of pure 
NHdBr, is shown in Figure 2 for com- 
parison. Calculation of the bromine 
content of each sample \vas based on 
comparison of the Bra0 photopeak area, 
above the Compton level: of the sample 
with that of the simultaneously activated 
NHIBr standard solution-corrected to the 
same decay time. The  photopeak area 
used in the calculations is shoivn as a 
shaded area in Figures 1 and 2. The  
spectrum of a bush bean check sample is 
shown in Figure 3 (corrected to the 
same decay time as Figure 1). .Ihe 
check sample showed no definite sign of 
a BrsO peak; onl>- ?vInjfi was clearly 
present. 

The  reproducibility of the instru- 
mental activation analysis system, using 
the Van de Graaff accelerator, has been 
checked extensively in earlier studies for 
many elements (5), including bromine. 
At levels well above the limit of detection 
of any given element and in the absence 
of serious interferences, the reproduci- 
bility is typically *37, of the value. 
Because of the interfering activities, it is 
felt that the absolute accuracy of the 
bromine values shown in Table I is 
probably about *5%; of the value for 
Br levels of 200 to 400 p.p,m, ,  and per- 
haps closer to *lo%, of the value for 
Br levels of 50 to 200 p,p.m, The  
interfering activities, such as Mn5Gj Xa?', 
and K4*, also raise the limit of detection 
of Br from a value of about 1 p.p.m.5 
achievable with the Van de Graaff 
with uncomplicated Br samples, to per- 

haps 10 p.p.m. in typical crop samples. 
The  effect of the other activities may be 
illustrated by noting that the counting 
rate of the bush bean check sample of 
Figure 3 was about 16,000 c.p.m.> as 
opposed to a counter background rate of 
only 300 c.p.m. Reproducibility of 
sampling is probably a more serious 
problem in crop studies than is repro- 
ducibility of the activation method itself. 

The  18-minute Br50 activity is formed 
from stable Br79 with a thermal neutron 
cross section of 8.5 barns (2). I n  79%, 
of its disintegrations, Br50 emits only 2.00 
m.e.v. beta particles, but it emits a 0.62 
m.e.v. gamma ray in 13%, and a positron 
(resulting in 0.51 m.e.v. annihilation 
gamma rays) in 37, of its disintegrations 
(70). The remaining 5% of its disinte- 
grations occur via electron capture (10). 
Thus: the observed gamma-ray spectrum 
should show photopeaks, as observed, 
at 0.51 and 0.62 m.e.v. At long decays, 
the Brt" peak decays more slowly than the 
indicated 18-minute half-life. because of 
concurrent formation of Br*O from 4.6- 
hour BrbOlIl (by isomeric transition). 
\Yith short irradiation and decay times, 
however? the Braom contribution is small. 

Manganese is detectable Ivith high 
efficiency because: i t  is monoisotopic in 
nature, the stable hln5j forms Mn56 
by neutron capture with a high cross 
section (13.3 barns) ( Z ) ,  and SWfi emits 
one or more gamma-rays in every dis- 
integration. In  SOY0 of its disintegra- 
tions, Mnj6 emits a 2.86 m.e.v. beta and 
a 0.84 m.e.v. gamma; in 30%) a 1.04 
m.e.v. beta and a 1.81 and 0.84 m.e.v. 
gamma cascade; and in 20%, a 0.72 
m.e.v. beta and a 2.14 and 0.84 m.e.v. 
gamma cascade (70). Thus, its ob- 
served gamma-ray spectrum should con- 
sist primarily of a 0.84 m.e.v. photopeak, 
as found, Lvith smaller peaks at 1.81 and 
2.14 m.e.v. (plus even smaller summa- 
tion peaks at  2.63 and 2.98 m.e.v.). 

As shoivn in 
Table 11, bromine was detected in each 
of the check samples (except peaches) 
but only at  levels of from 2 to 12 p.p.m. 
These samples were also analyzed 
chemically for total bromine by the 
method of Slapes and Shrader ( E ) ,  and 
agreement between the t\vo methods is 
generally fairly good. 'The chemical 
values tend to be lower than the activa- 
tion values, and this may be a real differ- 
ence! representing a possible loss of 
bromine during the chemical determina- 
tion. In  all of these samples, sodium 
and/or  potassium were also detected, 
but not determined quantitatively (al- 
though this could be readily done if of 
interest). Manganese was also un- 
doubtedly present in these samples, too, 
but the 2.6-hour had decayed away 
almost completely during the long decay 
(24 to 72 hours) which was employed 
prior to counting for 36-hour Br8* ac- 
tivity. 

Two samples were from plants grown 

Triga Reactor Studies. 
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Figure 4. Gamma-ray spectra of neutron-activated DBCP Figure 5. Gamma-ray spectra of neutron-activated DBCP- 
and NH4Br solutions treated crop samples 

I 
I 

0 
hie'b' f' b 

a 
6 

6 0  Minute Actlvatloil In Trkga 
a t  7x10 ' '  flux 

74 Hours Decay 
1 MLnYte count 
1 .U g.Samale 

8 
0 

a 
6 

6 0  Minute Actlvatloil In Trkga 
a t  7x10 ' '  flux 

74 Hours Decay 
1 MLnYte count 

I I I I , I I J 
0 20 10 60 80 100 I 2 0  140 .bU 180  2 0 0  

Channel >umber 

G I  

Figure 6. Gamma-ray spectrum of neutron-activated 
check sample of lemon peel 
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Figure 8. Gamma-ray spectrum of neutron-activated NaN03 

Lhanne  \ u n b e r  

in fumigant-treated soil. One, a banana 
peel sample, was found by activation to 
contain 134 & 4 p,p ,m,  Br; the chemical 
analysis value on this sample was 165 
p,p.m,  Another, a pineapple sample. 
sho\ved 19 k 4 p , p , m ,  Hr by activation, 
27 p,p.m. by chemical analysis. I n  
these t\vo instances, the chemical values 

I :  

0 
-3  4 0  bU 80 u 3  20 4" l e v  180 -0, 

C hamr \ L -  bcr 

Figure 7. 
sample of banana peel 

Gamma-ray spectrum of neutron-octivated check 

I I 1 
0 2 0  ,u  b o  8 0  100 2 0  14c t l  c - 0 1  

Channel  2 u r b e "  

Figure 9. Gamma-ray spectrum of neutron-activated 
KN03 

were slightly higher than the activation 
values, rather than loiver. 

I n  addition, several Skellysolve B ex- 
tracts of check samples were analyzed for 
bromine by activation. As expected, the 
extracts showed only bare traces (of the 
order of 0.1 p.p.m. Br), if any, of bro- 
mine. The  values obtained, or the up- 

per limits which could be set where none 
was actually detected, are shown in Table 
111. The check samples generally con- 
tained from 2 to 12 p.p.m. Br (Table 11) ; 
therefore. the bromine is not present in a 
hydrocarbon-soluble chemical form. 
Unfortunately. no extracts of nemato- 
cide-treated samples were available for 
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Table II. Determination of Bromine 
in Check Samples by Activation 

Analysis (Triga Reactor) 
Bromine Confenf, P.P.M. 
Chemical Acfivafion 

Sample analysis analysis 

Banana peel 1 6 f 3  
Pineapple 6 9 f 2  
Carrots 8 12 & 4 
Asparagus 4 9 f 2  
Lemon peel 3 4 f l  
Corn . . .  2 1 2  
Peaches 0 <1 

Table 111. Determination of Bromine 
in Skellysolve B Extracts of Check 
Samples by Activation Analysis 

(Triga Reactor) 
Bromine Confenf of 

Exfracf, P.P.M. 
Chemical Activation 

Sample analysis analysis 

Carrot extract 0 . 0  <0.1 
Asparagus extract <O . 2  0 . 1  =k 0 . 1  
Lemon peel extract 0 . 0  <O . 1 
Peach extract <0 .2  0 . 0 7  1 0 . 0 3  

study at the time, so no statement can be 
made as to the extractability of the bro- 
mine present in such samples. However, 
chemical analyses of such samples. and 
their extracts, have shown that the bro- 
mine is similarly present in largely non- 
extractable form. 

A standard nematocide solution in 
Skellysolve B, made up to contain 10.0 
p.p.m. Br, was found by activation 
analysis to contain 9 i 1 p.p,m. Br. 

Figure 4 shows the Bra2 spectra re- 
sulting from activation of the nematocide 

standard solution and the NH4Br refer- 
ence solution. These are pure Br** spec- 
tra. Figure 5 shows the spectra obtained 
from the low bromine content nemato- 
cide-treated sample (pineapple) and the 
similarly treated high bromine sample 
(banana peel). The 0.55 and 0.78 m.e.v. 
photopeaks of Bra2 are clearly evident. 
Figure 6 shows the spectrum of a lemon 
peel check sample containing only a 
small amount of bromine (4 p.p.m.). but 
a considerable amount of sodium activity. 
Figure 7 shows the spectrum of a banana 
peel check sample containing a small 
amount of bromine (6 p.p.m.), a little 
sodium activity, and a larger amount of 
potassium activity. Reference spectra 
of neutron-activated sodium and potas- 
sium are shown in Figures 8 and 9. re- 
spectively. They were obtained by acti- 
vation of aqueous solutions of pure 
NaN03 and KNOJ. Quantitative de- 
terminaticns of the bromine contents of 
the various crop and crop extract sample 
studied were carried out by calculations 
from the analyzer print-out data. of the 
Bra2 photopeak area, above the Compton 
level. of each sample and comparison of 
this area with the corresponding area of 
the simultaneously activated NHjBr 
reference solution. The photopeak area 
used in the calculations is shaded in Fig- 
ure 4. 

Sodium is monoisotopic in nature, and 

tion peak a t  4.12 m.e.v. In these stud- 
ies, only lower energy peaks (<2  m.e.v.) 
were utilized, so the 1.37 m.e.v. peak of 
NaZ4 is evident in the spectra, but higher 
energy ones are off-scale (Figure 8) .  

The K4’ isotope of potassium (6.8% 
abundance) has a neutron capture cross 
section of 1 . I  barns, forming 12.5-hour 
Kd2 (2 ) .  This isotope emits only a 3.53 
m.e.v. beta in 82% of its disintegrations, 
but a 2.00 m.e.v. beta and a 1.53 m.e.v. 
gamma in the other 18% (70).  The 
observed spectrum should therefore show 
only a single peak, at 1.53 m.e.v., as ob- 
served (Figure 9). 

Literature Cited 

(1) Boyd, G. E.,  Anal .  Chem. 21, 335 
(1949). 

(2) General Electric Co., “Chart of the 
Nuclides,” 1956. 

(3) Guinn, V. P., Intern. Sci. and Tech.,  
p. 74, t\ugust 1961 (Prototype Issue). 

(4) Guinn. L7. P., .VururlPonics 19, No. 3, 
81 (1961). 

(5) Guinn. V. P.. Wagner, C. D. .  dna l .  
C‘hem. 32, 317 (1960). 

(6) Jenkins. E. N.. Smales, A. A . ,  Quart.  
Revs. London 10, 83 (1956). 

(7) Leddicotte, G. \V., ,\‘ucleonics 14, 
No. 5. 46 (1956). 

(8) Alapes. D.  A.,  Shrader, S. A.,  J .  
.4ssoc. O@c. ‘4gr. Chemists 40, 189 
( 1  057) 
j l l d l , .  

NaZ3 captures thermalneutrons to form (9) Meinke, ~ v .  w,: science 121, 177 
15.0-hour NaZ4 lvith a cross section of (1955). 
0.53 barn (2 ) .  Sodium-24 decays en- (10) Strominger, D. ,  Hollander. J. M.? 
tirely by emission of a 1.39 m.e.v. beta Seaborg, G.  T . ,  Reo. M o d .  Phys.  30, 
and a cascade of 1.37 and 2.75 m.e.v. 585 (1958). 
gammas (70). The gamma-ray spec- 
trum of Yaz4 should thus show peaks at Receiaed for review .Vovember 77, 7967. 
1.37 and 2.75 m.e.v., plus a small summa- Accfpted January 25, 7962. 

N E M A T O C I D E  R E S I D U E S  

Direct Elemental Analysis of Citrus 
Crops by Instrumental Neutron [Ac- 
tivation. A Rapid Method for Total 
Bromide, Chloride, Manganese, 
Sodium, and Potassium Residues 

LIPHATIC ORGAKIC HALIDES have A proved to be increasingly at- 
tractive as combatants of the destruc- 
tive action of plant-parasitic nematodes. 
Thus. methyl bromide, ethylene dibro- 
mide, propargyl bromide, 1,2-dibromo- 
3-chloropropane (DBCP), chloropicrin, 
and 1.3-dichloropropene are now recog- 
nized as effective nematocides (76). 
The widespread utilization of these 
substances as “soil fumigants” demands 
that analyses of the attendant residues 
in edible crops be ascertained. Al- 
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though some information concerning 
the adsorption of organic halides by 
soils (2, 8 )  and the possible mode of 
action (74) of these compounds has been 
reported, the paucity of information 
relating to the chemical fate of these 
biocides in soils and in plants complicates 
the difficulty of obtaining significant 
residue analyses. 

The residue tolerances which have 
been set for some of the organic bromides 
noted above are based upon analysis 
for total bromine. Such analyses re- 
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quire that any organic bromide present 
in the sample must first be converted 
to bromide ion by reaction with a suit- 
able base and subsequent lengthy ash- 
ing with sodium hydroxide. The com- 
posite quantity of this ion is then deter- 
mined iodometrically (72, 75) or poten- 
tiometrically ( 4 )  by employing a Dowex 
ion exchange column to separate the in- 
terfering water-soluble organic com- 
pounds from the halides (5). 

The sensitivity of these methods for 
bromine (-25 pg.) is not adequate 


