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DEPARTMENY OF THE AIR FORCE
AR TORCE ARMABEHT LABORATORY (AFSC)
EGLIN AIR FORCE DASE, FLORIDA 32542

14 Jan 970
ATMA (Lt Young/8382-3431)

Penetration of Picloram in Soils of Range C-52A

TA C~52A Environmental Pollution Control and Monitoring System
Task Teanm '

1. The following data refer to concentrations of picloram detected

in soil sanmples obtained from the test grid on 21 Nov 69. The soil
samples represented a composite of four 5-foot soil cores statistically
obtained from a l-acre area,

Soil
Core ppm Pounds Pounds White
Increment Picloram Picloram per Acre Formulation per Acre

0-6 inch .- -~ -

6-12 2.76 5.52 54.1
12-18 0.83 1,66 16.3
18-24 0.46 0.92 9.1
24-30 -- -~ --
30-36 - -- --
36-42 -- .- “-
42-48 0.81 1,62 ‘ 15.9
48-54 - - -
54-60 0.27 0.54 5.3

Total = 100,7

2. Approximately 3,300 gallons of White have been applied to the
test, grid., This represents 8,184 pounds of White formulation or
1,782 pounds picloram formulated as the triisopropanolamine salt.
I£f White had been applied uniformly at the rate of 100.4 pounds
formulation per acre, then 81.5 acres would have received White,
Since tliis is greater than the 64-acre test grid, the location

of the soil samples did not correspond to the area of heaviest
application, Further core sampling is suggested.

/54 ¢ ég/fpvé{%

Chief, Assessments Branch
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REPORT NUMBER 8 I
A STUDY OF DEFOLIANT RESIDUE IN SOILS OF TEST AREA ¢-52A
EGLIN AFR RESERVATION, FLCRIDA '

The soil persistence of military defoliants has recently received
considerable atteption by both the general public and=thg'scientific
community. - In particular, interest has centered on the persistence of
the herbicides 2,4,S-trichlorOphenoxyacétic acid (2,4,5-T), 4-omino-3,5,6~
trichloropicolinic acid (picloram), and dimethylarsinic acid (cacodylie
acid), The military defoliants are formulatéd from herbicides that have
Béeﬁ commercially used in this country for many years; however, bLecause
of the rate of application and repetitive spray missions, applied herbicide
concehtrﬁtions not typical of commercial use are encountered, Défblignt
agent Orange contains the herbicides 2,4,5-T and 2,4-dichlorophenoxyacetic
- acid (2,4-D), vhile defoliant agent White contains'2,4AD and picloram,

Agent Blue contains cacodylic acid and its sodium salt, sodium cacodylate.

. The controversies on soil pcrsistehce of the three defoliant agerits arc:

(a)} Agent Oxange has been shown to contain a highly.teratogenic (fétus

" deforming) contamiﬁﬁnt known as dioxin(s). Because of the low concéntration
of dioxin(s) in Orange, data on.soil persistence islcx;rcmcly Aifficult to
.obtain; nevertheless, a potential env?;onmental hazard may exist. (bj Agent
White has received criticism because of its leﬁgthy pérsistence,in soil.
Picloram has been shown to persist in soil for pe;iods in cxcoss of one year.
{c) Agent Blue contains 15,4% arsenic in its fﬁrmulation. 'Dcspite the fact
that this arsenic is in the pentavalent organic form of baéodyiic acid or

sodiun cacodylate (forms that are only midly teoxic to animals), fcars on its
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a_mchmcnt and evcntﬁal degradation to a mére toxic product ﬁave been expressed.
The Eglin AFB Reservation serves various military uécs, one of them being
the:develqping'and testing of aerial spray equipment, Insofér as pdssiblc,
_ this.equipment must be tested under raalistic yet contrblléd conditions. Fdf
this purpdsc a testing installaticn haé been éstablishcd-on the.Eglin
Rbse&yation with'ihé placé of direct éer;al épray application reétricted'tq
* an instrumented areqsapproximatély one mile square in the southeastern part
of the feservatioh and known as Test Area C-52A (TA C-52A). Du&ing a-
. period of gighﬁ years (1962-1970) the one.square.mile test grid'reéeived
appx:oximately 165,325 pounds aéﬁive ingredient 2,4-D, 158,1'9? p_'ound‘s é;:tive
“ingredient 2,4,5-T, 2,252 pounds active ingredient p;cloram! and 13,180
poundéﬂa;tive inéredient cacodylic acid-sodium cacodylate, The lgst mission
involving the use of Orange was in December 1970, White was last disseminated
in June 1970 and Blue in Sept;mber 19?0 The soil of TA C-SZA is a Gulf Coast
'Flafwoodléoii consisting of 93.9% sand, 3.7% silt, 2.4% clay, and 0. 3% organic
- matter. The-annual precipitation (as ralnfall) for this area 15"60 98 inches,
It was recognized that TA C-52A offered a unlque 0pportun1ty to study

;the 5011 pars;stence of repetitive applications of operatzOnal quantltles of

".fthc mzlltary def011ants Orange, White, and Blue, Studies on herb1c1dal

'f pers1stence and soil leachlng were, therefors, initiatéd in'the sPring of
B 1970 by an analysxs of the vegetatlon density of the test. grid and by bioas say _

-and analytzcal studles of soil cores removcd from-the grld.
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- In ordex to pfopcrly evaluate herbicidal persistence énd soil leaching,

a végctation chart of the test prid was prepared on 26 March 1970, Thé
- greatest amounts of vegetation were found near the water sources of the
grid., There were two arcas that supported very dense vcgctatién. A
terracing effect of diminishing amounts of vegetation away from these tﬁo
arcas was apparent. Thc effects of vepcated spray could be seen along the
flight paths most frcqueﬁtly used in teSf programs., In these strips, vegetation
occurred only near the water sources ané cven there it was scant. By
considering the flight paths, the water sources, and the terracing effects,

it was possible to divide the test grid into 16 vegetation areas, These

areés formed the hasis for the random selecction of 5611 samples for a bioassay
'eipefiméﬁt inwoétigating_thc phytohormonal herbicides 2;4—D, 2,4,5-T, and |
picloraﬁ. The statistical mi11 hypotheses that were inues;igated Qéré |

(a) there weré ﬁo herbicide content differences among the soils of the various
veggtation areas; (b) there woere no &ifférences in herbicide content among

- soil depéhs down to three feet; and (¢) there WQS'no interaction between the
' fegetatioﬁ-areas and the soii depthsf In order to conduct an experiment that
"would'provide reliable.evidencc with respect to.thesé three concerng,-it
: wﬁs recbmmended.{hat three random soil cores three feet deep 53 taken from
_eaéﬁ df the vegétation arcas and also,from a control area. These cores;
_ ﬁrovided tﬁc:répliéatiohs for the experimgﬁf.' BePaﬁse of-fhe tiﬁe involved
.in taking"the_soil cores:éﬁd the pégéible cffccts.of so0il drYiﬁgloﬁt'if left
unplanted for severél days, it was.gécessary fu ﬁpbly the téchniqﬁé of |

. ""blocking” over thg_days of the soil core removal and planting.  On each of
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three days, onc threc-fbot so0il core was taken from cach of the vegetation
areas and from a cbntrol.aféa. dne cup of soil from each sixninch increment
~ of ﬁepth for each core was planted with five soybean seeds (legigé'ggz
(L.) Merr,) and pl#ccd randomly on a grecnhouse bench.. After a two—wceg
. growthlperiod, the primary root length and the total length of each plant
was measured. L _ \ |
A study of the effects of the defoliant Orange upon the growth of
'._Séybean plants was made in order to gain an estimate of.the amount of Orange
present in the soil of the test grid; 8ix concentrations of Orange (0, 0.25,
10 &40 4.0
0. 50, 0,10, O. 20 and 0.40 ppm) were mixed with control soil and following the
.growth g?riod, standaxrd curves of plant growth versus Orange concentration
" were prepared, ) o SN
In summary, the reéults obtaine& from the field experiment indicated
that there werc evidences of herbicidal persistence in the areas of the
.tes;.grid'that had been sprayed repeatedly with defoliants. Soil leaching
I_g§§_m9?§jgreyalgn; along the &iSsemination flight paths.than iﬁ tﬁe other
areas of the tesf grid. * There wexe no statistical ev1dences of differences
"between wet and dry 50115 that rece1VEd approxlmately the same amounts of
fnerb1c1de. By con51der1ng that all phytotoxlc effects on the bioassay
organism were from Orange (an assumptlon that was not valid}, approximate
_ strengths of Orange residue on_the test gr1d for various soil and residue
| couditions were obtained, :Iﬁ general, the dry 50%15 with highlherbiciﬁc

. pesidue (top six 1nches of soil core) had average concentratlons of 3.16 ppm

'f_Orange (avcr1ge of four cores), whxle analy51s of wet 30115 with hlgh hcr01c1do
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} iesidues contained 2.3 ppm Orange (avcrdge of'4 soil cores). Seoil lcaching
was most prevalent awmong sanmles frow dry soils, Of the 48 s0il cores collected
and bicassaycd, 21 corces were not significantly different from control cores
(95% probability levol), - |

Sixteen of Lhc s0il cores (one from each vegetation type) were subsamplcd
for arscnxc concontration (hence, a measure of Blue) The arsenic was
extracted by cold-acid extraction technique and analyzed by atomic
absorption spectrophotometry, Four of the 16 Iocationé contained arsenic
levels above 1.0 ppm in the top six inches of soil. Further ana1y51s for
arsenic in the 5031 profile 1ud:catbd that arsenic readily (and almost
wniformly} leached throughout the soil profile. In areas recelving repetitive
applications of Blue, tﬁe top six inches of soil contained arsenic levels
of 1.4 ppm, and the additiona; six-inch increments down to five feet contained
from 0.7¢ to 1.2 ppr arsenic.

From.the bioasszy study, it.was evident that some arcas of the test

' grid contgined high Yevels of nhytohozmonal herbicide residue (1 e., r051due

'sh0w1ng plant TeSPOnS S similar to those caused by 2,4- D 2,4,5-T, and

| plcloram). T%US, five-foot cores were collected from two areas (dry 50115)
exhiﬁiting highest hcrb1c1de residue. bach core was divided inte six-inch
increments, placed in amber bottles, and imﬁediately shipped to the United

_States_bcpartment of Agriculturge'vesticide Investigations Laboratory, |
-Beltéville,.Maryiand; for analysﬁs.of dioxin(s). 'No dioxiﬁ(s) was found in

-either 5011 core (Lht Pestlnsdo Invcstlgatlons Laboratory reported a

detect1on limiu cayablllty of 0. 0005 ppit dloxln(s)J




ARSENICAL STUDIES
MR HAMME
23 March 1970

DETERMINATION OF ARSENIC IN SOIL CORE SAMPLES.

o ST Average ' ' : .-ppl-l'l As . [ Average ppm
Sample - "Sample  Peak Height  Peak Height ppm As in Sample CAs in
~ No - Depth - .in em in cm in Aliquot XZ ~ Sample

1 0-6" .30 .31 .31 .3 .6 <6 -
2 0" 6“ . .32 . '__.28. .30 ’ ’ 03 . Lo |6 :
3 612" .28 . .28 .28 3 .6 <.6
4 .6"12". ) .. .32 030 .31 03 .6
5 12-18" .28 .38 .33 35 .7 < .8
6 12{‘18" -o 39 035 _137 . .4 08 -

7 18-24" .32 30 31 3.6 <7
8 18"‘24": ’ ’ 034 034 034 035 c? ’
9 24.30" a4 .38 .41 .5 CL0 <10
10 24-30" .34 .46 . .40 - .5 .c . -
11 30-36" .30 .36 33 .35 T < .8
12 30-36" .40 .40 .40 5 1.0

13 36-42" 40 .50 .45 .55 1.1 <11
14 36-42" (35 41 .38 .5 1.0 |

15 42-48" .38 . 32 .35 .38 8 . <.8
16 42-48" - .36 .32 .34 36 .7
17 48-54" .38 .30 .34 . .35 7 <

.18 - S4e60M .38 .46 .42 5 w0 <1,0

-~_;.5_é}LHCorcs C@tigc-!eé) S"r@w}{ ._.%r;& e 21 MmOV ‘65{_'
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Standards
ppm As
0.5

1;0
2.0
3,0
5.0
10.0
20.0
40,0
60,0

100,0

Peak Height

in cm

.38

.80

1.28

1.90

2.80
4.72
7.90
11;88
14.32

16.52

42

.82

1,20 .
1.88

2,72
4.80
8.08

11.98

14,34

16,54

Average Peak Height

in cm

+40
.81
1.24
1,89
2.7
4,76
7.99
11,93
14,33
16,53



Arsenical Studies

Mr Hamme

13 Sume 1970
Determination of Arsenic in Silt Samples

Sample Date Sample No PPM Arsenic
8 April 1970 G~1 0.2
8 April 1970 R-1 0.2
8 April 1970 T-1 0.2
12 May 1970 M-1 0.2
12 May 1970 T-1 0.1

12 May 1970 T-2 0.05



Arsenic#IZStudlos_

Mr Hamme

22 June 1970
Detarntnation of Arsenic in Sof1 Core Saaples

Sagglé'uq." o - B xc Arscnic B Aweragp PPM arsenic

C=9(1)* _ 0.6 : _ - 0,70
- . | 0.8 i
By N R o 0.8 _ s 0,75
Ce9(3) . L 0.7 ’ 0.65
C-9({4) o o SRR | 7% S _ 0.60

o ' 0.8 '

- CeB(8) : 0.6 : 0,88
C-8(6) o . : - 0.5 : ' .55
- o S 1 o -
R ¢ 0.4 : T 050
© C-9(8) o : 0.8 : o 0,45
- . . ) D4 : : o
C-9(9) o S 0.4 o 0.45

B 4 :
C.Q(]Q) S . T 0.4 ' 0.60
-L-5(1] : : : 0.6 ' 0,50
: - 0.4 .
} L-S(Z] : ' ' B 0.5 _ T .60
- =5(3) - T I ¢ 1Y ' : 0,50
R ' E : S 0 .
L=5(4) S 0.5 0,55
S 8.6 ' .
1~5(5) 0.4 ' - . 0,50
T o ' o 0.6 ' o
Le5(6) 0.6 0,50
_ 0.4 '
L-5(7) 0.4 T
; . 8,8 ' B
L=5(8) 0.5 . 0,50
o 0.5 .
L~3(8) 0.5 . D.45
. 0.4 g
L-5(10) .4 0,45
0.5 0.45

" *Location of coves is apeeifiad by cora code ‘(®ages Cuﬁ a L=5) and zuprcsents
~ sampley number on the TA Ce52A test grid, The depth of the core is
specifiod by the numbey in paronthesis (e.g., 1-10) and indicates- _
successive S-inch increments. Both cores were collected on 27 May 1970,



TABLE

Resuits ‘of Chemical Analysis: for pic1oram. 2, 4-0, 2, 4 5 Ts
2, 3, 7, B-Tetrachlorddibenzo-p-diexin (TCOD) and arsenic 1n s011
sampIes from EgTin AFB Test Area C-52~A

- DATE -

COLLECTED  SAWPLE  DEPTH  PECLORMM - 2, 4-D 2, 4, 5-T  TCDD  ARSENIC
. | | ~ ppb - ppb ppb . ppb PPl
CMov, 1969 K-oN 1 34,21 2. 2.8 1.0 R
| 2 am 70 20 1.0 0.8
3 0,6 01 08 L0 090
4 10;5  i f-o . 06 1,b 0,52
5 0,5 01 08 - 1.0 0.2
6 0,5 01 03 10 0.5
"-App, 6, 1970 J-3NE . ND '__ RN '1.2'r:"'; 1.0 0,55
| 2 ND .7 1,0\ REREEE U S 7S
3 ND 0.1 .00 L0 e
: W 01 L0 - 1,0 0.4
5 WD ND N0 . 1.0 ND
6 ND 0.1 0.7 1.0 0,62
Dec.10,1970 J-3NE . ) 10 0.1 24 01 470
2 10 0.3 1.8 0.1 1.30
3 10 0.1 1 0.2 0.9
a 10 0.1 0.7 0,2 0,55
5 1 01 w0 02 LM
6

10 .9 0.3 0.2 0,90
| (Page 1)



TABLE continued--

DATE
COLLECTED  SAMPLE

Apw, 86,1970 J-9 SE

Apr., 6,1970 1-6 SW

Dec, 10,1970 B-14 BW

Dec. 10,1970 C-9 SW

DEPTH

— Y M B W N et A th B W o P NPT SR N TR . M

- T+ T T 1 B AN

PICLORAM 2, 4D

ppb

N

ND
ND
ND
ND
ND
ND
o
ND-
ND

" ND

ND.
10
10

10

10
10
10
10
10
10
10
10
10

ppb

1.6
1.1
0.1
0.1
0.1
0.1
ND
L
ND
ND
ND
ND
0.1
2.4
0.6
0.1
0.1
0.1
0.1
c.1
0.1
0.1
0.1
0.1

(Page 2)

2, 4, 5-T
ppb
5.9
0.1
0.7
0.4
0.3
0.4
NG
ND
ND
ND
ND
ND
0.6
0.4
0.4
0.2
0.1
0.1
1.8
1.2
0.3
0.3
0.1
0.4

TCOD
pph
1.0
1.6
1.0
1.0

1.0

1.0
1.0
1{8
1.0
1.0
1.0
1.0
0.1
0.1
0.1
6.2
0,3
0.1
0.4

0.3 .

0.2
0.1
0.2
0.4

ARSENIC
ppm - .
3.21
0,48
0,20
0,27
0.27
0.20
ND

8.86

0.55
0.48

0.62
o
0.55
0.56
0.55
0.58
0.41
oéﬁe
1.64

0,88

0.48



TABLE gontfnued-- __
PICLORAM 2, 4-D 2, 4, 5-T  TCDD  ARSENIC

ESIEECTED SAMPLE DEPTH ppb ppb ppb ppb ppm
‘Dec. 10,1970 M-8 SW 1 | 10 5.6 7.0 0.2 0,90
2 10 5.8 1.4 0.2 0,48
3 10 7.6 2.8 0.2 0,34
4 10 15,0, 56 0.1 0.4
5 10 50 2.8 05 034
6 1 132 6.8 8.8 0,55
Dec, 10,1970 M-12 S 1 7.6 22 0.2 1.8
2 10 18000 1.0 0.2 .88
3 10 1.8 1.2 0.2 0.7
4 10 4,8 1.4 0.3  0.89
5 6.0 2.6 0.2  0.69
6 10 7.0 3.0 0.2  0.76
Dec. 10,1970 088 1 D 08 w2 0.1 0.9
| 2 ND 0.6 0.6 0.1 0.80
3 3 ND 0.8 1.2 0.2 0,76
4 ND 0.6 0.6 0.2 0.
5 ND 0.1 84 0.7 0,69
6 ND 0.6 1.4 0.1 0,55
“Dec. 10,1970 0-7 NE 1 10 ND 6.6 0.2 1.52
2 10 2.8 0.2 0,3 0.7
3 10 3,6 0.4 0.2 0.7
410 0.8 2.6 0.2 0,62
5 10 5.6 2.6 0.2  0.62
6 10 1.2 0.2 0.6 0,62



~  JABLE continued--

DATE  PICLORMM 2, 4D 2, 4, 5-T  TCOD ARSENIC
COLLECTED SAMPLE _ DEPTH - ppb ~ . ppb | ) ~ ppb  ppm
Dec.10, 1970  0-8S 1 - N 01 1.2 0.1 2,70
T N 01 26 0.1 0.58
3 N 0.1 0.8 - 0.1 0.62
4 ND 0.1 0.6 0.1 0.20
5 ND 0.1 1.2 -1 0.8
6 ND 0.1 0.6 0.2 0.07
ey 13, 1970 K-ON 1 ND 0.1 8.7 1.0 3.94
' ' 1 ND 0.1 3.2 1.0 4.25
2 17,7 ND ND ND  ND
’ 10,5 ND ND  NDND
& M, 5 0. 0.1 1.0 0,41
s ND 0.1 ND 1.0 0.4
5 10,5 ND ND N ND
6 ND 801 1.0 0.08 0.48
May 13,1971  GegN 2 92,160 D No . ND ND
Dec. 10,1970 CONTROL ] B e 01 0.2 0.5
apr. 819717 2 0 0.1 0.1 0.3 0.4
| 3 10 3.0 0.1 0.2 0,55
P w0 0.1 0.4 0.24
5 10 0 0.1 0.4 0.4
6

10 ' 0.1 . 0.1 0.5 0.48

{Page 4)
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c)

d)

o
f)

REFERENCES
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Samples designated by the nearest permanent air smapler station on
the onemsquare mile test grid. A1l samples were taken 50 feet from a

certain alr sampler, except control site was 0.4 miles from the
onesgquare mile grid,

Samples taken with a core borer in 6 inch increments., Depth 1 =0 - 6
inches, 2 = § .. 12 inches, 3 » 12 - 18 4inches, 4 = 18 - 24 inches,

§ = 24 . 30 inches and 6 = 30 - 36 inches, Each increment was uniformily -
mixed prior to sampling for chemical analysis.

Piclioram Analysis was performed by International Research and
Developmant Corporation and/or The Dow Chemical Company; Oow Chemical
Company Method ACR 69,10, modified,

Analysis performed by £, A, Woolson, Pest1c1de Investigations Laboratory,

U. S. D. A., Beltsvilie, Maryland,

Two Sampleé'frnm same depth were taken 10 feet apart,

Control soil for picloram analysis taken April 8, 1971 and other
analysis performed after December 10, 1970 sampling. _

(Page 5)



TABEE --

Results of chemical analysis of water aamples for Picloram,

| date picloraml

SAMPLE LOCATION COLLECTED ppb.

Basin Creek, North of .

samplar station A-11 June 11, 197 1

-in NE corner of one- :

square mile grid,

Trout Creek, south of

sampler station 0-11 in June 11, 1971 2.4

SE corner of one-square

mile grid.

Basin Creek, same as

June 1971 location, Dec, 3, 1971 11, 9.4

Trout Creek, same as |

June 1971 location, Dec, 3, 1971 1.4

Control; Long Creek _
approx, 3 miles foom June 11, 1971 0.1
ondesquare mile grid,

1) éga}{sis performed by the Dow Chemical Company; Method ACR

(Page 6)



Marginal Area 1 MA 2
_ 8 i
o 4 8 10 1,
, 1 {2 3 4 5 6 7| s 9 |10 ; 1 |12 13
MR % |17 |l jap |2 ja2 | 3| |25 | 2
Sl2m as |29 30 31|32 |3p |3 {35 | 36i 27|38 39
MA 8 | | _
. Lo | 41| 42 | A3 Wh | 45 | 4p | A7 | 48 49 | 50 | 51 52 Mg 3
S| s | s | sr|se |sp |60 |61 | 62| 63| 65
G 66 [ 67 [ 68 fes | oy Tt fwe (7| | T 6 mo| 8
— i 7Y 519) ™ . 82 5% I M G503 213 &7 bt B T90 1l
3 92 { 93 | 9n | 95 96| 97 | o |99 | 100 {201 | 202 | 203 | 108
105 [106 | 107} 108 { 109 ( 120§ 101 | 112 | 123 | 124 | 135 | 116 | 117
. ' - MA 4
“‘”f: 118. 1119 | 120} 221 ] 122 ) 123 1pg | 125 ] 126 | 127 § 128 | 129 | 130
- 131 | 132 1331 1341 135 ] 136 17| 138 | 139 | W0 l_1+1 2 | 143
yf Wb [ 145|146 | 7| s | 49| 250 | 1511 152 | 153 | L5k | 155 156
o 157 {158 |19 160 160] 162 3| 16w | 165 | 166 | 167 | 268 | 269
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