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| :r ) SUMMARY ! Ty
- ! ! 2
i | 2
2 l ! 13
3 . Contract No. DAMD-17-75-C-5069 had as its objective a study of three aspects 4
3 3 ' of the problem of contaminant chemxcals in the soil of Rocky Mountain Arsen{tl : 5
d 4 (RMA), Colorado in particular and ctler soils in general. The three asplects l é
3 7 of the problem studied were (1) the determma.tlon of concentration levelsf of 1 7
: 5 the contaminants that would produce phytotoxic symptoms ia plants, (2) esta.b- 1 8.’
; 9 . hshmg the existence and degree of the! bioconcentration of these chemxca’ls : 9
é 10! tn the plants and (3) a study of the stabiii ty or movement of these chermcals 110
d 11 : n various types of soil with two methods of application. | 111
; 12 | } |12
’ 13 ¢ [The specific chemicals of interest in t! is study were DIMP (diisopropyl | 113
11 methyl phosphonate) and DCPD (dxcyc10pentadxene) These two chemxca!s Fia
P50 have been identified as contaminants in RMA soil and are waste productﬁ of, : 13
14 in the case of DIMP, former war gas manufa.cturmg, and in the case of DCPD, | 16
_ 17 of pesticide manufacturing by a commercial user of the RMA facility. | b7
: 181 | ' | 18
i 10 The methods selected for studying the'behavior of plants treated with thé l 19
A 20 sub)ect chemicals were hydroponic cuiture for the broad survey-range find- , 20
21 mg approach and soil culture for the more specific determination of effect | 21
L 20 levels. The hydroponic studies used ten species of plants: corn, beans,‘ '22 _
S - 23 ‘radish, wheat, tomato, carrot, sugar beet, meadow fescue, rose, and j,uniper.] 23
' 24 ;The soil studies included carrot, wheat, alfalfa, sugar beet, and bean, : I 24
25, | S BT
i 2{ . ‘The hydroponic studies were couducted in two greenhouses in perforated! i 26
; 27" plastlc tubs in which the plant roots were supported in loosely packed gravel l : z7
28! and the nutrient solutions, which bathed the roots constantly, were aereated | 28
2%' by bubbling air from an aguarium pump. Qne 5-gal container of nutrxent sold-1 29
30 . txon supplied each five test plants. The plants were grown from seed to‘ 130
f 31 maturxty and observed for symptoms of phytotoxicity at 0, 1, 10, 100, an : 31
‘ 52 1000 ppm levels of either DIMP or DCPD. o [ 32
33, r ! | 33
341 'One of the soil studies was conducted In three greenhouse rooms in whxc‘h | 34
i 35' 'the seeds were planted in 3-gal, high-density polyethylene, black growt l 35
i 30 1 ‘containers in Fullerton sandy loam using DIMF or DCPD as the contarmnant. 1 36
3 371 !The concentrations of contaminant in the irrigation water used in these t‘,ests : 37
. 50, were 0, 1, 8 and 20 ppm. Another series of toxic range finding tests was ; 38
é 39 'conducted in soil in a separate greenhouse in which concentration levels'of i 39
f 40' ‘o0, 50, 100, 300, 500, 700, and 1000 ppm of the contaminants in the irriga- i 25
‘ -i-!;"*tTo'h"\Ja—te'i-”w_ér—e~u§e_d. ——'—H*—*"_‘_'“‘- A D I
42 ! L 42
33 ;The observation of phytotoxic symptonllq including stunting of plants, lea,f tip| 1 43
B 44 'burn, and leaf necrosis in the hydroponic bath tests indicated that a p_hytotox g_; 44
-~ i B 1
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| ' effect could be seen, in the case of DIMP,. at a level between 10 and 100} PPM| 1
- of DIMP. Severe tissue damage occurred in most plants above_the 100-ppm I 2
3 ' level. Inthe DCPD series of plants only the 1000-ppm treatment produqed ; 3
- : ‘substantial stunting of some plants. ! : : 4
: 5 i 1 S
;;‘:‘ ; ' ‘The weight of the plant tissues produced in the soil growth experiments Wwas : 6
. 7 determmed The variation between plant weights was such that no unique 1 7
3 : symptorns of phytotoxic effect could be assigned to any given contaminant 18
3 9 'level or type indicating that 20 ppm was somewhat below an effect level for : 9
E 1o ! ither echemical, | 110
| : |
i 12} ¢sults of the second soil culture range -finding series of tests were compatwle! 12
f 131 lthh the above conclusion in that at maturlty the plants treated with 50 ppm 113
g L DIMP were just beginning to show marginal symptoms of phytotoxicity and the | |4
3 ' DCPD plants showed no such symptoms at any of thic test com.entratxons.} : 15
16 1 ! ' 16
17 iThe ability of the same plants used above to take up contaminants and con- 17
; 191 centrate them in the plant tissues was! ‘measured by harvesting and analyzmg : 18
i 16 ' the various tissues of the treated plan?s. In the case of DIMP contammatxon 119
20 l bxoconcentratxon was demonstrated in all varieties of plant tested except for : 20
7] . 214 lthe juniper. The bioconceuntration was centered chiefly in the leaves of the 21
If o &' plants. Bioconcentration factor was defined as the concentration of contammant 22
tn] - 23! la the living plant tissue divided by the concentration in the nutrient or 1rr1— 1 23
2z ; gatlon liquid. With the exception of corn leaves, which are several txmqs : 24
: 2% . hxgher, these factors have a dxstrxbutxon for DLIV[P in the plants tested around | 25
: 261 20X and below. | i 26
: 27 | ‘ ! L 27
281 The stems and roots generally show consxderably less concentration than do 128
29! |the leaves., The DIMP in solution thus following the general water movement 129
30 : ,im the plant is somehow trapped in the leaves and accumulates these as t'\'xe ‘ : 36
31 ;water is lost through the various trans';pxratlon mechanisms. The bxocon- | 31
32 : lcentra’cu::n is in evidence in plants grown in both the hydropomc culture and | 32
33, ithe soil culture, ; |33
34 ‘ ' : 3:1-
. 35 : No bioconcentration was demonstrated in the case of plants treated with DCPD.I iz
36 I
37 : jAnoth-r group of seeds of sugar beet,| bean, wheat, alfalfa, and carrot was : 37
) 35, plar. -4 in contaminated soil and irrigated with water contaminated with | , 38
g 390 lyar s levels of DIMP and DCPD up to 1000 ppm. No reduction in the humbex 39
g 40! 50£ .minated seeds over a control group was noted. At 7 to 10 days po'st ! 40
: 4T Te}ﬁe—r;e—n_ce— the phytotoxic effect of the DIMP was roted in that leaf curland — ': 41
22 ;nnc*‘o sis were beginning to occur. The plants grown in the DCPD contaminant ; <Z
43, |did not show these symptoms. : ; 43
"‘; 14 IL- | » ' ) 4
t S
!
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The analytical method used for both contaminants was essentially the sarpe -: 1 -
«nd consisted of harvesting selected plant tissues, extraction by homogehizing ! 2
them in a solvent, clarifying the solvent, and subjecting an ahquot of the ; 3
extract to gas liquid chromatography. In the case of DIMP samples the ! 1 4
chromatographic column eluate was directed to an alkaline flame ionization ! 5
detector (AFID) which is extremely sensitive to phosphorus containing com- : 4
pounds. Inthe case of DCPD samples the column eluate was directed toia i 7
flame ionization detector (FID), which!is a very sensitive detector for hydrod 1 g
barbon compounds. | : 9
| 1 110

Quantitative determinations were made by integrating the chromatographic 111
ezks obtained and comparing peak areas from sample solutions with pe.!a.k : 12
sreas from standard solutions of DIMP and DCPD. I 113

] f14

Slmultaneous ly with the phytotoxicity and bioconcentration studies on hw‘ng : 15
plants the third area of interest under this contract was investigated. This 116
study used 5-ft deep soil lysimeters as vehicles for determining the move-~ 17
ment of DIMP through various types of soil as a function of the volume Jf : 18
irrigation water applied to their surfaces., The soils used in this study Ver 119
obtamed irom various agricultural locatxons in California. These locati!ons : 20
and the soil types obtained are as follqws { Ty 21
4 - -+ - : 22
Chino -- sandy clay loam | 123

{ 124

Brawley -- silty clay 1 p 2=

i { 25

Ventura -- clay loam i 1 26

{ | 27

Fullerton -- sandy loam l t

. ! | 28

Walnut -- clay loam ! 129

| ' 30

Tue lysimeters were fitted at various depths with ground water sarnplxné ' 31
tubes and were designed so that soil core samples could be taken through : 32
the entire depth of the soil column, | 1 33

‘ i 1 34
‘The DIMP was applied to the lysimeter soil by two methods. The first c!on- : 35
sxsted of placing a 2-in. deep layer of a solution of 20 pprm DIMP in dxst;lled 1 36

‘water on the surface of the lysimeter at regular intervals (weekly or bxweekl )‘ 37
and allowing it to percolate down through the soil, Samples of this watek f’ : 38
}were taken and analyzed on a weekly basis. Samples of the soil column: 1 39
.were taken and analyzed on a monthly '‘basis. " : 49
e it ulilis e B
g‘rhe second type of application of DIMP consisted of mixing the NDTMP tola : <2
level of 20 ppma with the top 1-ft depth of soil and then irrigating the soi# ! 43

. .wvith a 2-in., deep layer of distilled water on a regular basis (weekly or biweekly)i+
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1 r Sampling and analysis of the soil column followed in the same manner as|in : 1
- the first group of lysimaeters, . - t b.a.
. ' The analyses on the water samples were performed by direct injection of P d
A :: analiquot into a gas-ligquid chromatograph fitted with an AFID detector 1| : 5
%é ¢ as in the case of the DIMP plants. The analysis of the soil samples consisted | 6
5 n ' of extracting DIMP from the soil by agitation with methanol solvent, clarify- | 7.
S ma the solvent hy settling or centrxfuglatxon and injection of an aliquot mt’o | 8
g 91 the same chromatographic system desrrxbed above. : 9
.' 10 ! \ I 10
: i1 | The tota] amount of water that drained through the lysimeter was collectéd, by
' 2+ measured, and analyzed for DIMP. The ratio of water drained off to wa:ter : 12
; 13" 'apphed was designated as drainage ratxo. In the fi~5t type of test, chromc 113
3 ;_-;_: apphcatxon, this drainage ratio after 426 days averaged 55%. In the second ] : 14
13 type, single contamination followed by distilled water leaching, after 322, day I 158
14 ¢ t‘he drainage ratio averagfzd 28%., i i | 1€
] i I R o T S ! Ty
: 12 Calculating an average mass balance from the results of analyses of both the| |18
i soil and water fractions of the first and second types of lysimeters yzelded 119
g 26 values for DIMP recovery of 48% and 36% respectively. These values are m‘ +20
i 2! i keeping with the recovery values for vlater. J ~r21
i) 2 ] — + ' 22 _
S 23" The distribution of the DIMP recovered from the lysameter samples dependeﬁlﬁ 23
3 2= ! on its manner of application. The fxrst group of lysimeters, chronic apphca- F2a
! 253 tion of contaminant, resulted in an accumulation of a thin layer on the surface : 25
7 2¢ i of the soil that was relatively concentrated in DIMP and a more dilute dis- 1 26
; 27t tribution throughout the remaining soxl profile. The second group, di stLFled : 27
3 26! ‘water leaching of a mixture of DIMP in soil, resulted in the passage of 3 { 28
g 20" shghtly broadened band of DIMP dowmyard through the soil column. Frém t 29
: 30, an initial condition of a 6-12 in. depth'of contamination in all cases, the! _ |.1! 30
51 ‘irrigation resulted in the following bands of contamination: Venturacl- S
g 32 ; 24 - 60 in.; Chino scl -~ 24 - 60 in.; Fullerton sl - 36 - 60 in.; Walnut cll- n : 32
33, 42 - 60 in.; Brawley, sc - 30 - 60 in., 'These results demonstrate, WLthLP. ! 33
341 the sensitivity of the analytical system, the ability of the irrigation water to | ! 34
. 35 : wash a single DIMP contamination from a given soil matrix within the time : 35
3 and volume parameters of the experiment, ! (136
’ 370 . e - - R =t 37
3% ! A series of radioactive tracer experiments wa- performed to provide esti~ : 33
} 3% mates as to the vaporizability of DIMP and DCPD from soil mixtures. Radid- 1 39
: 40" 3ctive DIMP and DCPD, at 20 ppm levels, were intimately mixed with 4;-1:1. : 40
<! 1" "deep columns of dry and moist soil, “These contaminaled sbil Columns were |~ <l
‘2 subjected to air flow across their surface for extended periods at the com- : <2
. 2 ’ _pletlon of which the entire soil columns werc recovered and analyzed fox1 23
\./.' =t radioactivity content. Both the DIMP and DCPD dry soil retained over 95% _J' =<
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i i of the initial radioactivity after approx:imately 250 hr treatment. The mpist ——: 1
: soil samples lost somewhat more of their activity. Ia this case the DIMP Lo
ke recovery figure was 78% and the DCPD 62%. These figures indicate thaq ; 3
a Lvaporatlon of DIMP and DCPD from dry soil is not a significant mechanism/| 1 4
3 pf loss. The greater loss of material from the moist soil may be cause g
- ;by weaker binding to wet soil or an enhanced rate of decomposition., Fudther : 6
oy experimentation will be needed to determine this mecchanism. : | 7
8, ! i 8
9 : Lo
10: I i t10
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5! INTRODUC TION } 3
4 i ! ' 4

2! i S

3 . ' | 5

¢ Approximately 2 years ago AOMC, under the sponsorship of the U. S, Ar#ny | 6

T Mecncal Research and Development Command, began investigations of certain | 7

8 grou ing plants and their ability to absorb and concentrate certain soil con- I8

2 taminants. The two contaminants of interest are those shown to have bebn : 9
10 present in environmental samples taken at Rocky Mountain Arsenal (RMA), 110
1 Colorado. These compounds are dusopropylrncthyl phosphonate (DIMP) | I
P2 hnd dicyclopentadiene (DCPD). The structural formulas for these compc:\unds : 12
15 are as follows: i 113
14! | e
-1 Co g Ay

‘ LR H H H 116
Cr H . HC Cc Cc C : 17
1 .(CH3)ZC\ “ / u ' 1

L | 0 0 HaC

19, ~ ., _~ ' \ 119
20 s P\ . HC c—cC CH , 20

- 21 0 i H H\H/ ! S 2

. . H/ CH3 1 , c ,

. —+ (CH3),C i o :_‘__’_z

\ H oy 2

DIMP L Eodlte

25| - " e PR | 2

26| |2

271 R, ta

5. . Physical properties of the two contaminant compounds used in this study! oo 2

;; were provided by USAMBRDL and arelshown ip Table 1. : : 2

! |

;? ; Table 1, Physical Properties of Contaminant Chemicals E ! ;

32 ; Item ' ‘DIMP DCPD ! : 3
33, ' — I 1 33
341 Density, g/cc . 97620 0.982 20| | ! 34
35 Melting point, °C V- 32 } ) 33
30 . Solubility in HZO 11g/liter at 80°C Insoluble | 1 3%
371 1-2g/liter at 25°C - ! P37
35, Temperature °C for cited ! ; 38
291 vapor pressure mm Hg : b 372
40 | 10 -77 47.6 , } 20
SR TTTTTTIONT T T T T 122 T T T T TS T T T T 4
2 760 174 166, 6 | | 42
43, - : : X
- G ! ' --; ‘é':'
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DIMP is present as a contaminant from the nerve agent production which was

[
-

! il
- formerly conducted a~ 4is site. The DCPD is used in the production of pes-| ! 2
3! ticides by a commerc.al firm which uses plant facilities at RMA, USAMBRD : 3
- : project management provided the information that these two compounds a;.re 1 4
z , documented contaminants in RMA soils and ground water presumably because : 5
& ‘ ;of past, unsatisfactory, waste disposal practices, : ' 6
7 ‘ | 17
8 : !AONC showed that DIMP could be detected in naturally occurring plants 'and : 8
a | boil that were known to have been contammated as long as 6 years befor 1 9
1o ! Ianal 'sis. Some of the soil areas used. in the study had been subjected ta 110
11 : |stan"a.rd decontamination procedures at the time of the contamination (clas- : 11
121 lsified study). , | 12
13! [ 113
1.t : The work on this contract was designed to investigate three aspects of th' : 14
15, prob em: (1) Determine the bioconcentration of the compounds in the plants, ( 15
1€ 1 (2) odserve paytotoxicity symptoms caused by the compounds, and (3) deter-| | 16
17! mine the environmental fate (accurmulation, translocation, or transformadtion b7
15! of the compounds) in soils, | : 18
19| : 119
20, The schedule for this program is shoujn in Figure 1, i , 20
21 | . : : A
221 — - 4 , 22
23! - \ I 23
24, : 24
25 { 1 25
26 1 | | 26
27 | { 127
28 | ] | 28
29! ! t 29
30, ! ! 30
3t I l 31
32! | | 32
33 | ! { 33
34 ' I 34
35! . | I
36 : i 1 36
371 ) : 37
38, i , 38
391 ' 139
10! ! | 40
SNyt - ---T-"-"--" " """ -"-"--"-"-~"-"-"-"-"~-"7-"=-"=-/-"=-"=-=-=7-=- T 4l
42 | | | 42
43 ! | 43
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31 PLANT STUDIES ! by
30 i | i
4 : b4
- ! l
31 1 " 5
¢ 2,1 OBJECTIVES { 6
7, i 7
8 ; The objectives of the plant studies were to screen a relatively large series 18
g of plants in hydroponic culture to determine if plant uptake and phytotoxitity : 9
10! symptoms result from exposure to DIMP or DCPD at a relatively broad ' 110
11 ; series of concentrations. This was toI be accomplished by chemical ana].ysxs 11
12 | of the roots and foliage of the plants and observations of signs of phytotokxcxtv : 12
131 that appeared. i 113
14! | 14
15 : Posxtwe results in the hydroponic plant studies dictated that more prec;ée | 15
16 1 data should be obtained for the estabhshment of dose-response curves (Rhy- : 16
17 ! totoxicity) and bioceoncentration ratios for the contaminants with selected b1y
1g ! plant species. { : 18
19 : ! : 119
20 | ' , 20
- 21, 2.2 MATERIALS AND METHODS i i i 21
o2 _ T , o { ' 22
23 1 ¢ | { 123
24 : 2.2.1 Task l: Compound Screening for Phytotoxicity (Hydroponics) : 1 24
25 ! I 25
26 | ! 126
271 2.2.1,1 Test System and Experimental Design : : 27
28 1 . i { 28
29! In previous AOMC investigations a series of water culture plant growth | i 26
30 . experiments was conducted successful'ly in which the hydroponic baths sérved I 30
311 as aconvenient method for moculatmg the plants with contaminants. One ' 31
32 advantage of this type of experiment is that the plants can be exposed to .a : 32
33 : known and relatively constant concentration of contaminaant compound did- 1 33
341 solved in the nutrient solution. For ah of these experirnents the nutrient 1 34
35 : solution used was Hoagland's No. 2, the formula for which is given in Té.ble Z.: 35
37 i In these current experiments the plants were supported on a gravel base P37
33! that was suspended in the nutrient solutxon in perforated polyethylene con- J' 38
391 tainers, which permitted the nutrient soluuxon access to the plant roots, ! 1 39
40 : Figure 2 shows container arrangement in the nutrient tubs, and Figure : 40
41 17 "shows thé pericrated bottomns of the square cross-sectlon polyethylenecom-—1-1 41
42 ' tainers. Figure 4 shows the assembled apparatus. The support for theicon- : 12
<3+ tainers in which the nutrient solution was held consisted of a 10-gal rectiangu‘lar 43
™ 44! Tj ' b gy
~ " ! .4 =
4 |
(
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Table 2. Hoagland's Nutrient Solution No., 2. _ : : .
’ |
1 (-
L] ’
Final
i Concentration , Nutrieat
H of Stock ) Solution
A : {gm/liter) “Macronutrients "1 (ml/liter)
u 115 NH4HZPO4 -- Ammonium Acid Phosphate 1
! . ) :
N 101 KNO3 -- Potassium Nitrate 6
15 - .
1 236 Ca(NO:,)2 -~ Calcium Nitrate 4
. 246 MgSOZ -- Magnesium'Sulfate 2
' Trace Elements
: {1 Liter Stock Solution)
a0 H,BO, -- Boric Acid 2.86 g) o
IR MnC1,4H,0 -- Manganese Chloride 1. 81
’)._ A
2 ZnSO47HZO -- Zinc Sulfate 0.22 1
1) CuSO45HZO -- Copper Sulfate 0.08
S
ae H_.O -~ i i .02
° HZMOO4 2 Molybdic Acid 0.02 J 1
-X . .
- . 5 FeC 6H507 HZO Iron C.ltrate 1
j Note: The iron solution was added to the nutrient solution about twice
I a week to replace the iron that tended to precipitate out of
] p solution,
i '.
g : |
E 1
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r-.
! polyethylene tub. The bath was aerated and agitated by a small aquariurh
pump that was run continuously; this forced air through a sparger suspended
‘in the nutrient bath. 1 I
i . | 1

1
A series of 20 baths was assembled m|a groenhouse, and various concentra-

_tions_of the contaminant chemicals were added to the approoriate nutmen!

R |

baths., Loss of agent chemicals, generally, was corrected for by analyzing
the baths and bringing the concentratio'n levels back to par on a 2-week cycle.
As an extreme example of material loss, the baths that contained the mature
tomato plants lost about 1 gal of nutrient solution per day., Lost volumed of

hquxd of this magnitude were zeplaced‘dally. ' :

t
’Thc DIMP and DCPD were maintained:in separate greenhouse rooms to pre-

vent cross-contamination by vapor. The greenhouses are located on the' som
‘what remote test site near Chino, Cahforma. Figure 5 shows the green‘-
house locations; the small community nearest the camera is Los Serranos,
'and the city at the base of the mountains is Pomona. A row of the active

:tubs in the DCPD room is shown in Figure 6.
|

|

i2.2.1.2 Plants

— e o s —

— I

DNV
w N -

e

-1 U

[FCT S I SO oS TN A AU IR AV I oV

w W
WN—C 0w

»
>

L]

w

%)

W Wwww
B RRNe To IEN e

I

[y T

Ha W
—— e -

na e

Mmmwwqa\"q—lv.bwt\lw

—
(%]

,The first experiments were designed to discover the range of contaminant
'concentrations that would produce a pk‘lytotoxxc effect in the plants. As guch
lan order of magnitude series of concentratlons was chosen to bridge thel
leffect/no effect level, These concentratxons were 0, 1, 10, 100, and 1000

‘parts per million (ppm) DIMP or DCPD in nutrient solution. '

I
After germination tests showed that the plants would all be viable in the!

hydroponic system, samples of the following ten species were planted:

a. Corn -- improved golden'bantam

b. Beans -- stringless green pod, bush
c. Radish -- early scarlet globe

d. Wheat ~-- Inia '

e. Tomato -- red cherry

f. Carrot -- Danvers half long

A - w—— B G — S Gm— c— At i ——

l g. Sugar beet -- Beta vulgaris
’ h. Meadow fescue -- Festuca elatoir
i« Rose
TTT7750 Janiper -« Tamarix | T T T T T T T T T T T T
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1 ; 2.2,1.3 Sampling : '
X - ' ba
;! PDuring the first 2 to 3 week period following inoculation of the hydropomI ; 3
.;.: baths the plarts in the 1000 ppm (part-per-million) DIMP baths, with the ! i 4.
3 exception of the juniper, were in poor condition; these entire plants were : 5
5 harvested; separated into leaf, root, and stem; and subjected to analysis. | 6
7 Those plants in the lesser concentratxons of DIMP were large enough that {1 7
2 :small portions (<lgm) of leaf tissue w’ere taken, blended and subjected tb | 8
9 ; analysis at various durations of exposure. At the conclusion of the experx- : 9
10" Inent for each plant type the entire plant was harvested, dissected into xt:s t10
il : arts, and analyzed for the contamlnai'lt compound. { : 11
12 | C : |12
13! he tissues to be analyzed were cut by scissors from the main portion of 113
1. : the plant, rinsed with distilled water to remove surface contamination, cut : 14
15, 1nto small pieces (typical 0,1 gm) and ' homogenized with solvent in a txssue | 15
e grmder (Pyrex No. 7725) fitted to a 1 l4 in, electric drill motor. The horno— {1 16
Il cremzed solvent/tissue mix was then brought to volume, transferred to al 17
13! icentrifuge tube, and centrifuged if neclessary before injection into the chroma- : 18
19, tograph. | 119
20, | | 20
_— 2% ; he hydroponic nutrient solution containing DIMP was sampled by p1pettmg 121
o2 from_the nutrient bath which was kept homogenized by the constant bubbhng 2z
23 ' lof the air spargers, This sample was then diluted if necessary with dis+ | 23
2 : tilled water and injected directly into the chromatograph. X : 24
25 | } 25
26 | ! 1 2h
271 2,2.1.4 Observations and Measurements : : 27
28 1 | "} | [ 28
221 ‘The plants grown in the hydroponic screemng experiments were observed fon ! 29
30, :changes in morphology as evidenced 1r|1 particular by discoloration of fohage : 30
31 * and stunting or enhancement of growth compared to control plants, the latter | 31
32| ‘effect being evaluated both by visual observation of all the plants and deter- | | 32
33 mination of total mass of selected mature plants., The visual observatiohs i 33
340 of plant condition were supplemented by intermittent color photography of the : 34
33 : plants. ! ' i 35
36 | | | 36
371 1 137
33 ’ '2.2.1.5 Data Analysis ! : 38
391 I ' 1 39
#0" IData from the hydroponic phytotoxicity study takes two forms. The first; is I'40
2 a_JLEu_aIEEr“oarxson of treated and untreaied plants as to their growth §a~ttEFn_s': 41
:2 ¢ lapd tissue condition as a function of contaminant concentration. These obse:— ; f2
3 gvations by cefinition are somewhat subjective and treated as such, 'l'heI 1 43
o e !__!_s_gggngj is to select plants from the hydroponic baths and harvest, dissect, _J’ 44




L.t

o s AR5 D

- 1-
A TAILE ) |

P TR e P PR

w o

—
L e X i o o I N SIS A U1 HN 49

,,_.___._.
e LY O

-1 O U

£ B9 [u [0 s »= oo
K - e

LRSI,

O 0

WM O

T U -

Cr ) LW W W Wi I VIV

O

~1 O D .

1953-01(01)FP

“and weigh thern. These weights were tabulated and plotted as functions of

i
contaminant concentration, Empxrxcal relationships were noted. { ; ;
N | : |3
P ' ! b4
. 2.2.2 Task Il: Definite Compound Testing for Phytotoxicity (Soil) | by
] i i ! 6
| | I
l g ' . ' L7
. 2.2.2.1 Test System and Experimental Design : : 8
l 9
{ The purpose of these experiments was.to determine if various plant specll.es, : 10
; when grown fromm seeds in soil culture, would take up known contamznant!s ' 11
I and show symptoms of phytotoxicity. A select group of plant species from : 12
| among those run in the hydroponic system were used, F igure 7 shows the 113
E 'greenhouse in which these e*cperiments were performed. It consists of ! 14
; three isolated rooms, each with its own air conditioning system of evapo"a- : 15
: twe coolers (Figure 8) and space heaters (Figure 9) with associated mdn,vxd- 116
ual thermostatic controls., This creenhouse is located adjacent to the green- 117
. house used in the hydroponic experiments (Section 2..2. 1.1). | : 18
| lLr ' 119
- he experimental method used consxsted of growing the plants from seeds in : 20
, B3-gal high density, black polyethylene 'flower pots, irrigating the m with con~|" | 21
' tammated_yateu chemically measurmg the uptake of contaminants in thé 122
' Various portions of the plant, and makmg visual and photographic observa- | 23
. tions of the plant parts as they roatured. : b 24
B z | 25
' iThc‘. soil used for these growth tests was Fullerton sandy loam, character.s-| | 26
! tics of which are as follows: : : 27
! | | 28
’ t I 29
: Organic : | Moisture | Exchange (pH 7) | I 30
i Matter Sand | Silt | Clay | Capacity Capacity } I 31
| pH | (%) (%) | (@ | (% (%) {me/100 gm) | ! 32
! 6.9 | 2.2 | 60 |22 | 1s | 445 16.6 i |3
| 1 I ! 35
¢ 1The irrigating solutions consisted of distilled water with 1 ppm, 8 ppm,l| : 36
: and 20 ppm of the contaminant respectively, Several seeds were planted in 1 37
~ each pot for reliability of germination and to provide excess samples f')r: g
photographic study. One room in the greenhouse was used for DIMP exoo- ! 39
2 'sures, one for DCPD exposures, and oune for controls. The general layout : 20
- —of the-experiment. usmg-four_rephcates of five plants.and three. c0ru:aix:xi‘.z:atx.ons__‘l ‘;l
is shown in Figure 10, t
| | <2
!
I
4
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Initially four seeds or groups of seeds|were planted in eacl pot to provide
redundancy for germination as well as'immature subjects Ior photographic
study. |

There are three categories of plants in the se experiments. The termino’logy
used here refers to negative controls, positive controls, and active plants.
Negative controls are the plants grown in "isolation' in the central roorn: of
Ithe greenhouse where no contaminant I.‘S ever introduced. Positive controls
are plants grown adjacent to and in the same room as the plants receivin
]coutdmmated irrigation water but are erxgated with only distilled water,,
Actwe plants have irrigation water contammated with the appropriate chem-

ical (DIMP or DCPD). "

|
Simultaneously with the 1, 8, and 20 ppm soil media study a series of ra'nge

finding tests was run in an adjoining greenhouse encompassing concentraltlons
of 0, 50, 100, 300, 500, 700, and 1000 ppm DIMP and DCPD. One added
objective of these tests was to have a bacxup study underway in the event
that the 1, 8, and 20 ppm contaminant concentrations were less effectivel
in the soil than in the hydroponic media. !

|
t .
LJSlna the same experimental apparatus and procedures another series of tests
was undertaken in which seeds were planted in soil which had prevxously been

e t - o e em o m e et e s - = - s e~ — e e o o = 2o

(Ve R NENEN o W BNV S

moistened with the same concentratlons of contaminant as above and were
irrigated with those contaminants duripg and after the germination period.

2.2,2.2 Plant Species

The plants used in this study included

2. Wheat -- Inia
" b, Sugar beet -- beta vulgaris
c. Alfalfa -- medicago sativa
d. Bean ~- stringless green pod,| bush
e. Carrot -- Danvers half long, !

——— S Gn - - e S B ——— — -,

|
The criteria for selecting these plants included (1) economic interest in the

Rocky Mountain area in wheat and sugar beets, (2) alfalfa being a nearly!
universal forage crop, (3) the meortance of the bean as an economic crop
that can be readily grown to maturity to measure product yield, and (4) the

- e —— -
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1 [ 2V2.Z.3 Sampling ' ...} ‘
| i
. } R 2
o Samplmg of the growing plants in this series was accomplished by removing | ! 3
i 3 entlre plants from the soil, rinsing with distilled water to remove any | d 4
- adhermg particles or contaminant, followed by dissection into their varxqus ‘ -
| : parts These parts were then subjected to appropriate analysis (chemxcal ' ! 2
1 7 . gravimetric, or photographic). Tissue samples were taken at various tli'nes ‘:'-.!‘ 2
g " to assure fresh samples for analysis. I _:_‘8
| .
91 ' l9
10! The soil in a selected group of the pots was sampled by means of the cormg i 10
11 ' tool shown in Figure 11. In practice this tool is inserted at right angles to | 11
12 : the soil surface and rotated while downward pressure is applied to the handle. | 12
13 After it has penetrated the soilto a depth of 6 in., the tool is lifted out o, 5 13
P! the soil and the entrapped core deposxted in a clean glass sample jar that is 14
] 3 lmmedlately capped. The tool is then returned to the same sampling hole | 15
V4 and the next 6-in. increment of depth sampled in like manner. The proc:ess : 16
L7 is repeated for the number of required depth increments. l 17
13| ! 18
19, . ' 119
20 2+2.2.4 Observations and Measurements | a0
i | ]
21y ! 121
1

S hemical evaluation analyses were rur‘x on the plant leaves during the growing

g

| S e
[¥3}

' perxod. On termination of the growmg “periodthe plants were harvestedland‘—*"z' -
5..' those showing phytotoxicity symptoms were photographed in color to demon-| 24
25 : strate differences between control plants and treated plants as to size, root f 25
26 , development coloration. The total quantlty of plant material produced was : 26

ol measured by weighing freshly harvested plants. | Py
28 | : | 28
29! | i 29
39 : 2.2.2.5 Data Analyses i I 30
31 j '3y
32! ‘The data ouput from this group of soll;-culture experiments consists of visual ! 32
33 : ‘evidence of phytotoxicity similar to that described in Section 2,2.1.5. In : 33
32 addmon the weights of the various plant parts were determined, These . I 34
33 wnxghts and plant histories were subJected to statistical scrutiny prepara- P ag
35 tory to applying a regression analysis:to the weight data. The regressz&n ; 36
37 . analysis was ultimately considered to be not warranted due to the lack of | 1 37
3, growth effect shown with the concentrations selected, : \ ; 38
39 | 'y 39
10 ERRRL
L e et ' e B 34
42 : | : 42
43 ! 143
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r-2:2.3 Bioconcentration Studies ' -1
1 ll : i 1 1
) | - ! ! 2
- 2.2.3.1 Task I ' ] !
5 . !, ! i
‘_1' " Task I under this phase of the study was designed to determine the exzstence ls
° ' of the bioconcentration phenomenon in a group of hydroponically grown pl.ants. g
“  This is defined in this case as an increase in concentration of a subject chem} ! 7
{ i icalin growing plant tissues over the concentration present in the hydrOpomc : 3
° nutrient medium. It has been suggested in a previous classified study that ! 9
¢ : phosonorous containing compounds, similar in basic structure to DIMP, have ‘ 10
o] been found concentrated in the leaves of various commercially meortant; ; ‘il
IR plants. A portion of this work was done using radioactive P tracer tech- | iZ
l2 ' mqueq and the remainder done using cxtractxon and chromatographic proL : ';3
}3 cedures similar to those used in this s udy. , i 34
4, | !,
1,5 The plants from the hydroponic growth phytotoxicity tests were- also harvested : Z
“8 and analyzed for contaminant concentration. This was dictated by the rela,- t f7
! ' tively small number of plants grown at: each concentration level and the rela.- ! :.8
1'f ~ tivelr long period required for the plants to reach maturity. This dual utili- } :9
\2(3 . zatioa of plants fitted the broad survey'scope of these experiments. : : 30
-~ 21 : l | : P21
S » L 2.2,3.4 Task IL - : -~ — _: 22 _
- 23 L [ ! ! 23
2= :l The object of this task was to grow enough select plants in a soil medium! 124
2% (described in Section 2.2.2.1) to permit the production of quantitative daéa : 5
26 i1 relating to bioconcentration ratios of DIMP and DCPD. The concentrations 136
27! of1, 8, and 20 ppm were based chiefly upon visual observation of phytotoxicity 127
26 1! symptoms in the hydroponic greenhouse experiments. It was felt that this :28
29 range would give a definite no-effect level and a definite effect level in the l29
3C ! test subjects. The output from this task is a demonstration that compound 130
31 i yptake does occur. l I 131
320 . 32
33 ) | | | ! | 33
3y 2024 Chemical Analysis | : 34
35| ! : p 35
35, 2,2.4.1 General l | : 2
370,14, | | ¥ L 37
3g ! Because many samples were generated in these types of experiments, it '?8
3?' pecame expedient to devise analyses that permitl relatively rapid separat'ion : :9
+1 " and determination of the compounds of interest. Once the compound is dis- , O
41 " 4Slved in an appropriate solvent, gas-liquid chromatography is a convenient | —.: 1
“2 ' way to both separate and quantitate; thus, this was the method used in theqe p 2
_ +3 1 gvaluations, l 1 : "3;
'. SR gy w4
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1 Gas-liquid chromatography (GLC), is a technique that involves the physidal 11
: separation of two or more compounds based on their differential distribdtion ! 2
4! between two phases, one a stationary ligquid, the other a moving gas. The 1 3
; ' 'moving gas sirips the compound of interest (DIMP or DCPD) from the liéuid | 4
s bhase separated in time from the solvent and other interfering molecular : 5
i ispecies and presents it to the chosen cietector for quantitation. ; | 6
: | V7
Z { IA Varian Model 1840 chromatograph (Figure 12) fitted with a flame ionidatiox‘x : 8
9 i detector and an alkaline flame phOSphdrous detector was used in these e}tperi‘- { 9
10 ' 'ments. The alkaline flame detcctor is used with DIMP samples becausejof 110
il lits selectivity and sensitivity for phosphorus; the flame ionization detect|br : 11
121 lis used for DCPD samples because of their hydrocarbon nature. ( 12
13| ! 113
14 l Figure 13 is a typical output curve for, DIMP, In this case the DIMP corcen- : 14
1z, :tration is 100 ppb in methanol. The shaded area of the curve is the DIM 15
124 response from 170 picograms at the detector. { 116
171 ! V17
1z Generally the sensitivity for phosphorous containing compounds is up to several 18
i¢ orders of magnitude greater for the a.l;kaline flame detector than those o# a : 19
2¢ ;nonphosphorous compound using a flan:xe ionization detector. This difference i 20
21 © can be illustrated by comparing Figurés 13 and 14. : 2l
22 | — -+ - - 4 22
3! gDeterrnination of the amount of contaminant chemical present in a given' 1.23
2% I fsolution was made by comparing the a?ea of the compound's chromatographig : 24
25 . peak with the peak areas of a series of chromatograms of a standard lot'of 1 25
24! 'the same compound. The standard solutions were run so as to bracket 126
271 Lboth in concentration and in time the test solutions. Several sets of stand- : X
221 Lrd solutions were run every day thatitest solutions were run. : : : :g
29!
30 ' Figure 14 is a chromatogram for DCPD at 100 ppm in chloroform or 60 : : 30
31 !nanograms of DCPD at the detector. Figure 15 shows how this peak canlbe "; ,31"
32 ?imp'roved by concentration of the DCPD solution. Although it makes a rda- p 32
33 ' sonable curve the evaporative concenti'ation in this case results in an a.bI o- 133
34 lute measurement of approximately one half of the DCPD found in the firrst, : 3?_‘
5' Inore dilute, case. This loss is assumed to be mostly due to the vaporizatioh ! 33
3¢, 'Bf the relatively volatile DCPD. These data point to the necessity of usihg : 36
37 @ solvent for the DCPD analysis which is more easily separated from the 37
38 DCPD than the common alcohols and halogenated hydrocarbons. : 1 :353
39 ' ' !
40 | The size of the sample introduced into' the chromatograph in most cases sgq_n_-_ : 40
*' " sisted of between 0.5 and 1,0 Kkl of Iia\:ﬂd‘-sglution. Reproducing sample! 1, ?1
2 volumes smaller than 0.5 ul routinely became a problem and sample vol‘u‘nes | 42
<3 | ’greater than 1ul frequently disturb the detector flame characteristics angd : ji

~could lead to nonoptimum sample_injections Analysis of the hydroponic!bathl!.
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. water for DCPD was run in essentxall) the same manner except that the | ' -: 1
- flame ioni.ation detector was substituted for the alkaline flame “ionizatio I2
3 | 'detector. An additional step was added to the DCPD procecure when exper- ; 3
:, imentation showed that it would be chromatographically desirable to hav (]
3 the DCPD in carbon disulfide so a step is added in the analytical procedure ! 5
in which the alcohol extract is partitioned between methano!l-~-water and ! : 6
T " carbon disulfide, resulting in a typical sample shown in Figure 16 from | 17
§  which the lower carbon disulfide layer;is chromatographed. | ‘18
9| ! lg
10! vy 110
11, p.2.4.2 Water ! l X3!
121 5 L 12
131 hemical analysis of the hydroponic baths for determining the quantity of 113
1t | 'DIMP present consisted of agitation of the bath with a stream of air as : 14
1z descrlbed in Section 2.2.1.3 [oilowed by sampling an aliquot of the bath with} | 15
RN sampling pipette. This in turn was followed by injection of an aliquot | 116
171 (<1.0pl) of the sample directly into the;a gas-liquid chromatograph fitted with : 17
15 ; the alkaline {lame ionization detector.’ The quantity of DIMP indicated by the |18
1Y chrom=aiv,rarn was calculated threugh the aliquot factors back to the am?unt 119
20 presznt ;n the original sample. ; 20
21 lp ! l 121
221 — 1 i} ' ! 22
23" h.2,4,3 Soil | 123
24 ] e
221 ‘During the course of the growing perxod the soil from a select group of pot" 25
29! .was sampled in 6 in. increments with a coring tool (SectLon 3.2.1.4), These| 126
27! 'soil samples were weighed, placed into closed, clean glass jars with me'a- : 27
23 ' !sured volumes of methyl alcohol, agxtated on a shaking machine for 15 min 128
29" and let stand., When the supernatant llxqmd over the soil in the jar appeared | | 29
50, 'clear, an aliquot was removed with a microsyringe and injected directly : 30
3 , ,mto the chromatograph having the prober instrument parameter settings. | 31
32 : lIntegration of the ensuing chromatograms yielded quantitative data on the { 32
33, {amount of chemical in the soil. | 1 33
341 ' 34
35! . : b 35
36, 12.2.4,4 Plant Tissue l | 1 36
371 ' [ P37
33 : The major emphasis in the chemical a.nalysxs ~ystem was placed on the mea.- : 38
3% isurement of contaminant chemical content of the various plant tissues. These 139
‘4"'\' I- tissues were divided into leaves, stems, roots (flbrous or fleshy), and £ru1t. : 40
et ‘Some relativ ely minor variations in tl the analytlcal ‘procedure were dxctated —-: 41
:’ . by the physical state of the sample bul Lasically the same procedure was | <2
_" !,followed in each case. This consisted of (1) selection of the tissue to be : iz
) J

.. lanalyzed, (2) homagenization of the selectad tissue in a_suitable solvent! |
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©(H-U, methanol), (3) clarification ot t'rlm Romogenate (settling, centrifuging),
(4) dilution with appropriate solvent if necessary, and (5) injection into ttxe
chromatograph.

2.3 RESULTS

2.3.1 Phytotoxicity Studies

E{. 3.1.1 Visual Symptoms of Phytoto:‘:icity

indicate that there is a variable effect}for most plants. Low concentratipns
i g .

'showed enhanced growth of some plants and high concentrations resulted|in
varying degrees of tissue damage, This damage varied from leafburn to

'observed throughout the growing period. ‘

'After 25 days exposure to 1000 ppm DIMP in their nutrient baths all of the
plants exscepsthe juniper died, Figure 18 shows the comparative effect of

! ydropomcs. Data. from the original Ifxydroponic series, in the 'é_;-s‘ehof IﬁI.MH

'severe necrosis (Figure 17). The phytotoxw effects of the contaminants/ werp

VOO0V fatlN~—

|

lexamination of the remaining plants after 44 days exposure to DIMP y;el‘ded

;r :thc observations listed in Table 3, These were subjective observations of
. ithe growing plants, ;

Y s . . PO . e . . c.e h ] .-
I

After 39'days of exposure to DCPD the following observations were madd:
In the 1000 ppm DCPD nutrient all remammg plants except the juniper wére

'of the leaves, All plants except the Jumper were larger than the controL,
the juniper was similar to the control, Inthe 1 ppm DCPD nutrient all plant
I ]

were similar to the control. ‘

!
'lcvels and smaller plants in the hxgher levels was observed for all plants
sments very little effect was seen on the juniper plant. Figure 19 shows 'the
,(,flcc.t at.2 weeks, 2 months, and 3 months of 1¢:00 ppm DIMP in the Jum!':;er
 ‘nutrient bath. These plants just began to have leaf-tip browning at 2 maonths

At the conclusion of the experiment, 5 months, the juniper was not essehtial

ldlfferent frorn the condition shown in thn bottom photo of Figure 19. Th
' _Lj_unj,pm_,g‘ngsgd to DCPD at all levels appearcd healthy throughout the exp

'2 weeks exposure of tormatoes to 1000 ppm DIMP in the nutrient bath. Vasua.l

somewhat stunted. In addition, the corn and rose had browning of the ldaves.
1n the 100 ppm DCPD nutrient the corn and roses also demonstrated chlorosxs

Generally speaking the trend to larger plants in the lower DIMP conta.mn.'natxc

exc. pt the ""woody'' plant that we used, namely the juniper, During the exper
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"’ 1 : Table 3. Plant Appkarance After 44 Days. ! -! 1
2 Exposurg to DIMP. - : ! 2
3 : t {3
O Concen- : I 4
51 - tration | : 5
& Plant (ppm) State : | 6
T . 7
Q! Tomato 100 Advanced necrosis : : 8
¢ Corn 100 Larger(than control, healthy : : 9
! : |
1? ! Bean 100 Stunted)with some necrosis : | :?
' B
121 Fescue 100 Stunted : : 12
131
i Sugar beet 100 Stunted : : 13
14 . » | 14
15, i Carrot 100 Healthy] i 15
}é: : Rose 100 Extreme necrosis : : :f;
1L |
121 Wheat 100 Larger|than control, limited leaf burn : [ 18
1S i1
22t | Juniper 100 Healthy : ' Zg
— i . l
Z: ; Tomato 10 Largerithan control, healthy ! 121
~yo_zar ! - | 1 . 122
i 5= 1 | Corn 10 Largerithan control, healthy N H 2; -
St o '
£=, i Bean 10 Healthy], individual plants larger than control : 24
25 | 1 | 25
254 | Fescue 10 Healthyj | ! 26
27! | Sugar beet 10 Larger|than control, some leaf burn { P27
251 | : ¢ 28
73 | : Carrot 10 Larger!than control : .
3¢ : ‘1 Rose 10 Leaf chlorosis : -
Ity ! \ K
32 : ' Wheat 10 Larger:than control : e
33, ' Juniper 10 Health ; D23
34 RS
35" All plants 1 Slightly larger than control, healthy 1 bar
15! except juniper ' : o
EH ; Juniper 1 Healthy!i , E‘
39 ; : : i N RN
R l ‘ f Yoo
e e e e e e T
i | D
2! : ! | 42
43 | | i P, 43
~~ L ! ! = : ! gty
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-Figures 20 and 21 are examples of the;effect of different coataminants, {The

__them_to_the case of plants growing in soil culture. In these tests we grew

i
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former is a 1000 ppm DIMP exposure for 2 weeks of a corn seedling. The
latter is a corn plant started on the same day as the previous one and exp:osed
to 1000 ppm DCPD for 2 months. The first (DIMP) plant died shortly after
this photograph was taken; the second (DCPD) plant survived the expenment
but never achieved much more growth than shown here. It did, howeverL
produce one malformed ear of corn. No relationship was determined between
the malformed ear and the presence of DCPD. 7 , :
' 1

n general the phytotoxicity of these compounds was demonstrated in two: way
In the case of DIMP the outstanding syynptom was the leaf necrosis or burned
appearance of the leaf as in the case of the corn in Figure 20. The DCPP
on the other iand rarely showed this effect but instead evidenced a stunting
‘of growth at a given contaminant level, The DCPD plants appeared to have
the ability to adapt to the presence of {he chemical and ultimately produc‘ed
what appeared to be reasonably healthy looking plants even in a condition of

L

chronic exposure, except in extreme cases. The plants in the DIMP exposure

did not seem to have this recuperatlve| ability. l

! |

Soils. The second phase of the plant investigations was concerned with u:sing

the successful techniques of analysis from the hydroponic study and applying

t
-4

O 00~ WU o~

greater numbers of fewer species of ﬁlants. Specifically.these are alfalfa,

sugar beet, bean, carrot, and wheat, :

|
In a series containing 150 plants of each species actively exposed to each of

DIMP or DCPD, in irrigation water m sandy loam, the plants showed nd
significant visible symptoms of phytotoxicity that can be ascribed to the‘
1, 8, or 20 ppm of contaminant. A
' |

'An example of these plants is shown in Figure 22, These sugar beets w'ere
grown from seed; the active plant on t‘he right was irrigated with dxstllled
‘water containing 20 ppm DIMP startmg 12 days after planting and 6 dayd
after the shoots appeared. The pla nts on the left of the picture are negatwe
controls, the center is positive control and on the right the active or treate
:plant. The equivalent DCPD plants are shown in Figure 23. :

| !

A third condition was also investigated: planting the seeds insoil that had
been contaminated before seeding. A;number of seeds of the same five 'plant
were sown in contam‘natcd soil and irrigated with distilled water contammg

o

0, 50, 100, 300, 500, 700, and 1000 ppm DIMP or DCPD.”” The early con="
‘dition of these plants indicated that even the highest concentration did not pr

_hibit germination but as the plants aged around 1 week to 10 days, the effects
af the agent were scen. In the case of DIMP there was leaf curl and browni ing

7
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| " from approximately the 100 ppm group and up. The photographs in Figure 24
show the relatively healthy plants in th|e 50 ppm DIMP exposure, those with
minimal symptoms in the 100 ppm case and the definitely damaged plan{s

_ t 300 ppm after 33 days exposure. The center pot in each case is the céntrd

. and the side pots are replicate active ones, The effective concentration leve

o ppears to be lower as the age of the plant increases. The 700 and 1000!ppm

lants were stunted and showed leaf curl at 2 to 3 weeks. Thaose below t}n t

.. concentration appeared to be very similar to the controls. At 33 days itl

o lvould be difficult to ascribe any phytoLoxicity to the DCPD at any level.! To

-

) LB O G e e N =

. o - . A A - o —_ e —— e s o oo e on e e w  m wd

VG hat time 5.5 liters of irrigation solution had been added to each pot. There 1o
11 is no browning evidenced in the DCPD'plants. In the first week after brdak- 11
17+ ing the surface most of the DCPD plants appeared healthy. Figure 25 sh:ows 12
13 portion of the greenhouse where the e experiments were conducted shoxtly 13
1o fefore harvesting. The concentratmn were arranged so that the highest Lty
1 evel was at the north end in alternate rows and at the south end in the ther— L5
i ‘vening rows, i r6
17! | n7
.~ At harvest time essentially the same gonditions of health existed in the planty | ;g3
... as at 33 days, except that all of the plants were beginuing to show minimal 19
. Isic’ns of leaf burning at the low concen ration of 50 ppm DIMP. i 20
21 | ' [ 121
2 __3..’.'1 L _ ; 122 _
' 227 2.3,1.2 Measurements of Phytotoxicity | j 22
21 ! f 24
2 ] nee
i 2z he determination of total mass of the growing plant is another means of |\25 ,
A 3 e¢valuating phytotoxicity, the general assumption being that the toxic cont t 2o |
% - ‘dition results in a2 smaller mass., A slenes of determinations on the radish : 27
'3‘ plants harvested at the same age demonstrates this concept. The result | 23 1B
3 ' ‘are given in Tabhle 4 and Figures 26 a \d 27, | P39,
| 30, ‘ 130
4 o The greater the amount of DCPD addegi to the radish nutrient bath, the léss ' 31
& 22 biomass is recovered. This is not true in the case of DIMP where 1 an 10 pr’:n:‘-,Z
4 3z result in larger plants while greater concentrations result in much smaller I 33
3< plants. The same type of information for mature tomato plants is givenjin : 34
r 3% Table 5, The DIMP and DCPD experiments were conducted in different! ; 35
; 3 ‘rooms, which may account for differences in control weight. : 136
5 37 ‘ | p.37
) 27" 'The plants shown oreviously in FLgure 272 from the sGil culture tésfs showa™|™ 1,38
i Ideference in total mass with DIMP coptamination. | : 39
40 : 140
T e I e i il et B3|
“2 i | 4z
43 : i 43
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. |
b Table 4. Yield of Radish Plants from ! 1
5 Various Nutrieni Levels of Contamination. - ; ! 2
o |
5 | . | ! 13
AR ] L v I
AN N |
o Total —l: - r3
K . Plant ¢ ¢
[ Type and Level szelg * O.{lpl;"t Part (gm) Weight F; : c
PR . . ibrous ;| . leshy A
; £C t . .
- : o ogfamxna,;o? Root T Root 1 eave? (bnt'l) } : c
e ! DIMP Control (ppm) 5.2 43,1 16.7 65,0 } ; | i‘f
1y , , ‘
e 1.0 0.8 || s1.2 14, 4 66.4 | 112
12 10.0 3.2 82.2 32.8 118.2 | P12
ls |
3 100. 0 1,7 24,3 9.9 35.9 | s
: j P
B 1000. 0 0. 05 0.13 0.29 | o5 f o |t
yer o 1=
I ' i
S DCPD Control (ppm) 2.0 74. 6 30.8 107, 4 | -
iy, ; P
s b 1.0 2.3 58.8 20.5 81.6 ' P20
oo .
2 10. 0 1.2 66, 4 21.2 88,8 ~ Pz
bl S B A
L t sz
25 - - 1006+-6— 2 b |45 —— 3 —
2‘ i i - R i 1 Lo
P ' ', 32
a5 i Table 5. Yield of Tomato Plants From | : :
2 i i Various Nutrient Levels of Contamination--150 Days. | I g‘
:).: I i ' ! 7
a0 : l ! 29
ey ' IR
2! e i -
27 ! Contamination Tot:ll. Plant Weight (gm) | : 2
wn ! Level — , | L 25
;fj ! (ppm) With PIMP | With DCPD , {3,
75 | ~ Control 6254 8122 : b3
i 1.0 3sto 2757 l o
a4 . 1 . !
37 10.0 9202 8246 | R
ST 100. 0 s6k0 7606 ' b3
ol ) | . ! Ioar,
' 2
SN 1000. 0 2 1045 SRR —'~-l Xy
3 l II 1 : | : o
s
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1
The weigats of the three plants from lz?ft to right are 39.5, ©6.7, and 48}6 gm-: 1
respectively. The active plant container at the time this photograph was! takgn I 2
had received 15 liters of 20 ppm irrigation water containing a total of 30b mg ; 3
of DIMP spread out over 64 days. Superficially one might assume that the 14
.rend seen in the hydroponic data is being followed, that is, a small amount’ ! 5
of DIMP enhzncing the growth., The mass of subparts of these three pladts ; 6
‘lS. leaves ~- 14, 15, and 17 gm from:left to right; stems -- 5,9, 20.0, a7
and 12,0 gm; and root -- 19.0, 19.8, and 31.2 gm respectively. Here again| |8
'it:he economic portion of the plant is abput 35% larger in the contaminate : 9
case. i 110
‘ l Fiy
A somecwhat different ratio of masses L, seen in the DCPD plants shown ;n : 12
Fxgurc 23. The plant on the left is the same negative control as in Figure 22: [ 13
the positive control weights 48,3 gm tot:al, and the two active plants on the Vg
right weigh 23.5 and 29,3 gm respectwely. The comparison of root sxzés : 15
is possibly more significant since negative control is 19.0 gm, positive pon- 1 1A
trol is 29,4 ¢m, and the active plants. 9.1 and 9,6 gm respectively., The L s
trend to stunting indicated in this smglo sampling of beets does not contnhue : 13
in the mature plants, A lirnited amount of statistical manipulation has been 119
done on tae ultirmate mature vield data from these experiments. These tﬂata : 26
are summarized in Table 6 and Figures 28 and 29. Data from individual plaht! 21
.parts are_given in Appendix A, Table s A-l, - i 22
] 123
Table 6 presents the yield of harvestaLle portion of various plants as a f,.mcti,on' 24
of the concentration of contaminants., The average of the yield of the three : 25
positive control plants was used as the zero concentration yield. Also u‘x I 26
Table 6 is the average yield at cach concentration as a percentage of thel :~27
maximum average. | i 23
| | 129
With five plant types and two contaminants there are ten situations to evhluate. ! 30
In four of these situations the maxirnum average yield occurred with zer‘o con- l it
taminant. Inthe other six case: the mammum yvield was obtained at some : 32
higher concentrations, Figures 28 and 29 iilustrate the situation, | 1 33
! | I 1 34
Aftc* harvesting, the plants from the soil range finding experiment were frai:-: 35
'tioned mto their major parts and welghed ' t 36
I 137
‘Data on the biomess of the sugar beet,! alfalfa, carrot, and bean are givén in : 33
I'ablc 7. 1’lotting the mass data for the normally edible portion of the pJ‘ants 139
‘ . ;.,chs the graphs shown in Figures 30 hrough 33. | : 20
| il I e g i I B O
) A L e C e emnns e e e e e e . e N X
: ' : I %3
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Table 6. Yield of Harvestable Portion of Plants,
t -~
Average

Plant Weight % of Max
Type Contaminant ppm {(gm) Average
Carrot DIMP o] 119.21 100. 00
1 57.9 48,57

8 58.6 49.16

20 83.4 69.96

DCPD 0 246.73 100. 00

1 101.0 40,94

8 102.9 41,71

20 137.8 55,85

Beet DIMP 0 45,45 100, 00
1 39.8 87.57

8 39.6 87.13

20 30.5 67.11

DCPN e} 4.3 100, 00

1 44,7 60. 16

8 44.5 59. 89

20 50.7 £8.24

Alfalfa DIMP 0 3.90 54.93
1 4.19 $9.01

8 7.10 100,00

20 2.32 32.38

DCPD 0 3,70 96.61

1 3.16 82.51

8 3,83 100, 00

20 2,97 77,55

Wheat DIMP 0 2.22 77.08
1 2,73 94. 79

8 2,88 100, 00

20 1.53 53,13

DCPD 0 1.76 64,00

1 1.15 41,82

8 2,75 100, 00

20 1,39 50,55

Bean DIMP 0 12,09 100,00
1 12. 06 99.75

8 9.62 79.57

20 6.85 56.66

DCPD 0] 10, 34 78.39

1 8.24 62.47

8 10.28 77.94

20 13.19 100. 00
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CONCENTRATION OF CONTAMINANT (PPM)

Figure 30. Average Yield of Sugar Beects
Irrigated with DIMP or DCPD Contaminated Water.
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CONCENTRATION OF CONTAMINANT (PPM)

Average Yield of Carrots

Irrigated with DIMP or DCPD Contaminated Water,

Figure 32.
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' ; As a check on the cfficiency of irrigatiion in the soil pots, soil samples from ' 1
) four different locations in each of the sugar beet pots at surface 1/8 in. ) ! z
51 1/8 to 6in., and 6 to 12 in. were taken and analyzed for DIMP conteat, (The| 13
i + x data from these analyses are shown in Table 8. : B B IS
i 50 ' : 5
! a ! ' L
f [ ', 2.3.2 Bioconcentration Studies . i ' 7
8 | f I8
b 9 { Bioconcentration, (or hle takeup by a2 growing plant of a contammant irom its : ?
{ 10 ! environment and increasing Its cnncen#rauon in the tissues of the plant, has ! %O
‘ 11 Peen demonstrated in the case of DIMP, which is relatively water sz)lublti.'. i ."1
A 121 [Table 1) 1 I 1"2
1 12 i [ {13
' ! tl'he term used here to indicate the relative intensity of this phenomenon is : L
r% 12 ‘ bioconcentration factor defined as the ratxo between the concentration of | ' Ve
3 1+ . contarninant in harvested plant t;ssues:to the.concentration in the nutrient 1
i 17! golution or irrigaticn water. This is dunonbtratcd in Table 9, which lists ;
1) 131 the bioconcentration factors for fresh-cut tomato leaves at various stages ¢
i 1¢ " in their growing cycles. These data are plotted in Figure 34, | R
1 24 I - - 1 : A
’;' 211 i e’
2] Table 8. Soil Analysis for DIMP From Sugar Beet _ ) -2
1 55 1 l Test Pots (Alter 210-Day Irrigation!. | | 23
‘f{ 2"—: 17~ E L ' ) - : L ; 2-
1 25 i[— ' Concentration of DIMP From Sugar Beet | i nr
[ 2+ ,| Sample Depth ! (ppm) ! b2
i & (in.) From 1 ppm | From 8 ppm From 20 ppm ' :
;, ' ‘j‘: ' : Surface. - 1/8 a 2.9 19.2 ! ! ;,
‘ .. .| Surface - 1/8 a 3.3 18,6 | ol
§ *1 - Surface - 1/8 a 1.4 15.9 | e
' IO Surface - 1/% a 2,2 11.0 [
33t i 1/8-6 a 1.8 4.9 | SN
j 340 1/8 - 6 a 2.4 4.8 i I
‘i-:" , 1/8 - 6 a 1.6 . 6.1 | (13:‘
Wl 1/8-6 a 1.9 5.1 | .
s 612 2 ! 3.0 6.1 B
i 5o ] 6-12 a a 6.2 | L5
1 3 6 -12 a a 7.1 ! Lz
] w612 ' a a 8.0 s
A o ) { '
i , *<o.1 ppm ! | .
! : ' S
: S | ‘ .
,% T [ — ; ‘ ! ) - .!: -
] 55
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i 1953-01(01)FP
l : : ;
j | _
: - - . -
. L Table 9. Hydroponic Tomato Leal Bioconcentration § D
- ’ Factors (DIMP)--Fresh-Cut Basis, B 1 I
- . ! v
3: — iirmininic i»—.—-n-‘r»« 2 i S oA i Py PSR ppp l . ' 5
4 Time Pla'xt on'*om.entratlon Factors : b
; - . - I~
i i from ! 5
8 . : . Nt by
y Al Inoculation utrient Bath (ppm) : {
j 7, (Days) 1 | 10 100 1000 i I v
: 31 13 | 10,4 ]| 5.5 | 5.0 | o
’ c) ' . 4 3 . : : 9
] -
, 10 , 15 . 15. 1 ; LTS
| ! 41 0.1 ! 39 | 48 { 1
3 121 ‘ ' : ) ’ i j 12
: 13! 54 ', 2.5 I 13
) 1! ' ! Pl
] . 61 il 12 t .
s 15, ! i , e
. . t v .
141 | 88 0.3 | 0.7 8.3 ! |
! 17! : . | by~
; Ly ! 149 0 1.9 | 3.6 L
': 19 - ‘ BE
{ Lot ! ! Vo
. A i |-
’ 20, - - ! L
i 22 — o !  2°
g 230 . : - , TS
p S, Atrendappears inall the plants that showed bioconcentration; that is, the I
; 5* © accumulation is rapid at first and then falls off as the plant matures, Cbn- 1 '_
o tinuing the experiment to a point where the plants begin to wither frequcntly o
; N ' mives increasing values, again probably because of the \\Lthumg plants drymg : s
! . out. The peak of accumulatmn for most plants occurs in the first month’or b
] : ‘so of life; however, wheat leaves and corn leaves showed maxima at about ! : 5.
E qd 3 months, as shown in Figure 35. ! ‘ - :)
i d . l i I { v 7
: 3t | E
; u In previous classified work with radicactive.tracers, the tips of corn leaves! Lo
{ ,) showed concentration of certain organic phosphorous cornpounds to a much " b
S t 2
; 5 5rcatcr extent than did other plant parts. The data in Figure 35 are ccnsistent, .,
.- with this observation. | I P
S50 l P
' S | ]
4 ZU. ] ] 3‘.
E 5. [Figure 36 shows the same sort of information for carrot and mcadow fescue l Py
1 - leaves, Data for leaves are emphasized here because generally the leaves L
* 3 showed the greatest concentration of chemical agents while the other plant ‘ -
¢ 1 parts typically did not conzentrate or did so tn a very limited mnanner, Thls‘ :
' " phenomenon.is-demonsztrated.in Table 10 for 1000 ppm exposures. _These _ —i- 4
data are shown graphically in Fligure A-1 and A-2 of Appendix A, \ z '
! i
43 l ! : | [
’-1. H !
RIS |
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g -—l r- -9
] ! Table 10. DIMP Contdnt of Plant Parts from i 11
’1 21 1000 ppm Nutrient -- 22 to 25 Day Exposure. : : ] 2
i 3! ' 13
.i ' ' ‘ 4
y 4 DIMP Concentration (ppm) : j 5
3 51 1
5 | ' ' 6
i 6 | Plant Type Leaf Stem Root { { 7
* [y
3 8 : | 8
j 9| Tomato 15,213 3040 4674 | 9
10! 1 110
] i Corn 8,918 | 8993 1703 ! By
’% 12 | ) a |12
i 13 | Bean™ 8, 000 2018 729 [ 113
1 14! : : P14
i 15, Radish 5, 231 1000 2935 | (15
% 161 ‘ [ 116
: 17| Fescue 2,329 134 208 [ 17
4 18! ; | 1 18
i 19| Sugar beet 1,851 208 30 : 119
i 20 ! | 20
" 21 Carrot 1,137 541 52 ! 121
P 22 _ -+ _ L 122 _
¥ 23 ! Rose 613 42 136 ] 123
i 24| ! 24
3 25 | Wheat 192 o 3 . I 25
1 26 | . I 126
':’ 271 Juniper 53 W% e : : 27
28 ! ' ! 123
3 29| t 129
1 ! o l l'30
3 30 3
; i 5D
: 31 1> Days | Il 31
; 32 | e i 32
; i Not processed | {
% 33, ! : 33
{ 341 | 34
[ 35| : { '35
]
3 371 , 137
! 38! | , 38
H ! 1
] 391 ‘ 1 39
; 40! ; 40
: P T i T 4l
! 42 | ; 42
! 43 ! | 43
.- !
‘ ) 44 IL_ ' ) 44




PUNRSPRILTYPRLY “F PR

~a

a e s PTRREIE R L i BT ¢ T TE S i st S 1t e T AL T RN G Ralr o o L radh e sl gt e o 2 Cnsul AT o

O IO

PSR C P PPEFE T 57 VE T TR T SNSRI SNV - -

T T il

Ty o—

~1 O™ Ut .

LN - O D oG

— et

—
Ul s

16

~1

18

o
pYe

v

~N Y
l.\ —

LoANRVL RN V3 |

NN NNV N
W = O D !

RSN CUI ¥% I S IR UN )

[P
Ui o

W W
[ ne BRSO

o W
- D2

-
=

i)

;.
o

.. dry_leaf DIN'P concentration should have been 2438, 7 pom if no DIMP was J

‘For practical analytical purposes, ana_xlyzing the {resh cut tissue is more

1953-01(01)FP

An overall view of the various concent:rati.ons and plant parts of the hydrd~
ponically grown radish is shown in Table 11, Here again the leaf is shown
to have greater concentration than the 'rest of the plant. The same type of
data for beans is shown in Table 12, Information from these tables is shown
g1 aphically in Figures A-3 and A-4 of Appendu; A, |

|
'The values reported for DIMP content |have been calculated on a fresh- Cl;.t
‘sample weigit basis. It is possible mlat some data could be biased if thdre
were significant variation in the amount of water in the plant tissues. T
examme this possibility, a per cent dry weight analysis of chopped leaf |

tissue from :he varicus plants was run at 96 days. Table 13 is a summary of

the data froim this analysis, There islnot a significant variation in moisture

content withia a species although there is some difference between species.
|

I

Calculating tae DI.MP content of the pla.nts on a dry-weight basis would !
increase the measured bioconcentration factors by some degree. A summanr
of bioconcen:ration factors on a dry- welght basis compared to a fresh-cut
basis is shown in Table 14 for various! parts of the tomato plant. /

| L l

I

Chemical anzlysis of the plants from tl is series has been performed at :
se\eral time intervals. Data on sugar beet, carrot, bean, and wheat aftier
37 days_exposure are shown_in _Table _],5 This shows t_b,e_b_xqconcentratxon
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factor for DIMP as defined before, rangmg from 7.5 to just under 2 in the
flea.\ es. These data are plotted in Fxgure A-5, Appendix A. These numbers
may not be 25 dramatic as some of those in the hydroponic tests, perhaps
because tne hydroponic system presented essentially a constant and available
supply of DIMP while the soil restricted the availability of the chemical ,:o
the roots, Further measurements of yield and bioconcentration were made
as these placts matured. Tables 16, 17, and 18 show their condition atl

i |
'Terminal anelyses of plant bioconcent‘ration at the time of plant harvest were
imade. Results from these analyses are shown in Table 19 and graphxcally
plotted in Figures A-9, A-10, and A-11 of Appendix A. |
' |
|

realistic because of the loss of DIMP in the drying process. The data in
Table 15 were ob-ained by finely chopping the leaf tis. ue and drying to consta
weight in a 105°C forced air oven. The loss of DIMP can be illustrated 'by

an experiment run on mixed sections of the same tomato leaves treated j}n
two different ways. The fresh sample from the 10 ppm bath gave a tissue”

65 days. Trese data are plotted in Figures A-6, A-7, and A-8 of Appenldxx A
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vonceniralicn vi £06. 5 ppim DIMP, Tue dried sample gave a concentration of

’774 3 ppm. Since the 10 ppm tomato:leaf had a water content of 89.4% i:he
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1 P Table 11. DIMP Conten} of Radish Parts after : _= 1
2 : 28-Day Exposure. - ; ! 2
3! : ) 3
4: Ceoncentration Concentration ! |4
5 of DIMP in of DIMP in i 5
6! Nutrient Pl'ant Bioconcentrati?n | 6
2 " Plant Part (ppm) {ppm) Factor 1 7
o) "' | B
91 Leaf 1.0 12,05 12.0X 1 19
10! i 110
! | 1 1
11 Leaf 10.0 48.3 4.8 {
121 { 112
131 Leaf 100.0 957.6 9.6X | |13
14 " ‘ 14
' *
15, Leaf 1000. 0 5231.0 5.2 | 1 15
161 i 116
17| . I 17
18! Fleshy root 1.0 0.3 0. 3X ! (18
' | 1
20 Fleshy root 10.0 7.3 0.7X , 20
21 ! [ 21
a2 _Pleshy root — ——+88; 60—t - —375-0 - R — 22
23! | 123
! t {
24, Fleshy root 1000. 0 1000. ¢ 1.0X 1 , 24
25 1 ] 25
261 ! 1 26
i 1
27 Fibrous root 1.0 2.3 2.3X | (27
281 : | | 28
29! ¥ibrous root 10.0 9,7 1,0x | t29
30! : : 30
31, Fibrous root 100.0 109.0 1.1¥% : | 31
32| ‘ [ | 32
!
33, Fibrous root* 1000.0 2935.0 2.9X | | 33
341 1 34
35 | | : l3s
36: l | 36
27 * | I 37
58! 22-day exposure. ! : 38
! !
1 |
| [
"
!
{
i
I
J
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[ Table 12. DIMP Uptake irf Bean Plants after 48-Day | I
; : _ Exposure Biocg_n_ientration Factor. _ ! )
3! ' ' b 3
4-: . . i | 4
5 Nutrient DIMP | | 5
6 | Concentration ., ! L6
7 l (ppm) Leaf Fruit Stem Root : = 7
8| , ‘ ! 8
91 1 4.79 0.5 1.32 0.74 { 9
10 | 10
{ ' 11
11, 10 1. 85 0.2 0. 51 0.29 ! )
12 1 ! g 12
13| 100 2.10 0.6 0.65 0.44 | 113
14! Vg
( : | ! 15
€ jo)
* b ! I .! Y
' Fruit = filled bean pod. | || ;
¢ 1 ¢ "'
!
[ = = i L T = 1 18
o ‘ bl o119
;] a2
2 : Table 13. Percent Moisture of Harvested Plant Leaves on Day 96. ] ' 121
oy : |
,/\ - Z { - 1 . .Z_Z'. —
2 ! . 1 23
> | NDC Percent Moisture N b 4
2 (ppm): ! b5
! ?
2 . Plant Type Control 1 10 100 1000 : ;6
2 | 7
- ! \ 8
< Carrot - 84. 1 85.3 ,| 87.3 | 80.4 Aok : >
. ' Lo
. : Corn 82.1 80. 4 84.1 78.7 wF ; =~
- ! éz
Sugar beet 90.0 90. 6 859.9 83.0 A | (43
|
/1
| Fescue 85. 5 85.4 || 86.3 | 86.9 ok Vo ij
i
1 3 als de l | 36
| Wheat 80.0 81.6 76.2 77.1 e i |37
! bl !osg
; Tomato 88.5 89.5 89.4 87.6 K : : 39
| | I 40
- Ruge — 43 F5+9 —For B——F 5|~ =% — ‘: 0
. ' -1 3
! o ) | ' a2
o Juniper 58, 5 60.3 59.1 56.3 55.6 : |l 43
P t] o 44
~ »Nutrient DIMP Concentration o4
#2Plants did not survive. _!
L 63i__
I
!
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1, Table 14. Bioconcentration of DIMP in Harvested Tomato 1 t 1
2 : Plant Parts -- 149 Days flrom Original Inoculation. : : 2
! 3 ! 13
; 41 . |4
4] 5 | DIMP c I:ettI'DIM.P . Bmcor.x- : 5
| 6 : Concentration oncentra 1on) in Tissue centration | b
i 7, Plant In Bath (ppm Factor | 7
! 8 Part (ppm) Wet Bagis Dry Basis Wet Dry : 8
;] 91 1 9
y 10 | L Lo 110
3 11, Fruit . 0 0 0 0 : 11
] 12 1 : |12
} 13: Fruit 10.0 17. 4 167.3 1.7 17.0 | 13
Iy
3 }‘51' Fruit 100.0 * % * * | 1:
i ‘ '
! 16 116
i 17 ! "7
j : I3 : Leaf 1.0 0 0 0 0 : 18
i 19 119
i .
} 20, Leaf 10.0 38.5 . 350.0 3.9 35.0 : 20
- 21 : 121
“ ‘ 22 Leaf ~1_O0.0 363.%+ 2124.0 _ 3.6 21.0 -4—22 _
. 23! 123
4 24 1.0 2
i 26 | . ) | 26
: 27 | Root 10.0 70.5 870.0 7.1 87.0 : 27
i 28! 1 28
i 29 | Root 100.0 70.9 834.0 0.7 8.3 | I 29
; 30: { : 30
3 311 Lo ' 31
q 32: Stem . 0 . 0 0 0 | 32
33, 0.0 1 33
i 34 | Stem. 10. 6.0 55.0 0.6 5.5 1 34
i 35| . o L35
,_ 36! || Stem 100.0 70. 3 717.0 0.7 7.2 ' 35
371 137
380 || | 38
391 “No fruit produced 139
1
]
-
'
{
'
'
3
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23 Table 15. Bioconcentration ofiDIMP by Plant Parts in 20 ppm i v
36, ‘ Irrigation -- 37 days fr:‘rm Qriginal Inoculation. | !
27 . L
18! - Total DIMP | o2
3 added to Pot = Q-
A | e
i
5 | Volume of DIMP u ls
6! 20 ppm Weight of || Concentration : l 6
7! Irrigation DIMP in Tissue Bioconcentratipn 1 7
8 : Plant Part {cc) {mg) (ppm) Factor ; : 8
91 i 1 9
10 : Sugar beet 9500 190 | ! ! i(l)
11 ’
i {
12 | Root 45.6 2,28 | 12
13! 1 P13
15 Leaf 129. 2 6.46 | | 15
161 i 116
1
17 | Carrot 9200 184 l i 17
18 : : | 18
19, Root 12.4 0.62 | : ;g
20 1
21 : Stem 6.6 0.33 : : 21
221 1 5 eaf -~ H 369 - 1 85—t 22
23 : % 123
24 Bean 9200 184 ' : ;;
25 | f i
26 | Root 45. 4 2.27 | L 26
271 : ‘l 27
28 | Stem 28.9 1.45 0 | 28
27! Leaf 150. 0 7.50 | P29
30 | : ! 30
311 | wheat 9200 184 | ( 31
3z : i | 32
iu Root 31.5 1.58 : : 22
i
35 | Stem . 14.2 0.71 : { 35
]
zg. Leaf 105. 5 5.28 | : gf’r
! !
38! ' | 38
39.1 | i 39
40! : | 40
DT Bl ity i R A
421 ! | 42.
43 ! | 43
44! , 14t
_ 65
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3 ' i Table 19, Bioconcentration of DIMP by Dlant Parts A
2 (Terminal)., (Sheet 1l of 3) - : I 2
: H
3! ! ' L3
.4 ‘.; H . ] 4'
i - Total DIMP i 5
1 2 Adde = | i
g 5 : dded to Pot i DIM P l 6
1 7 ; Volume of X Days Concen- : 7
8 20 ppm Weight ! From 1 tration in Biocon- 8
3 % : Plant Irrigation of DIMP ; Original Tissue centration | 7
] }?, | Part (cc) (mg) || Inoculation (ppm) Factor i‘l’
: 121 20 PPM IRRIGATION i 12
; 13! o i e 13
R : !
1 1% Sugar Beet 49,300 986 ! 195 | b4
i 1341 Root | 11 0.6 L5
te Stem | a a L6
- 1 I -
: 170 ¢ Leaf - 65 3.3 17
] a2l ! ! 18
Z"' } Root ! 13 0:. 7 20
i Stem : 27 i.4 21
- ;)) t J.eaf . R _ 69 3‘. 5 22
R’ 23! ‘Bean 17,100 342 | 65 ! 23
¥ 2.8 Root 81 4.1 24
el * .
é -2 Stem ! 63 3.2 25
1 25 Leaf ! 121 6.0 26
. 27 ! | 27
! 25 1| Wheat 17,100 342 65 } 52
Y so | Root ! 22 1.1 2
! S| Stem : 10 0.5 30
3 25 } Leaf 106 5.3 31
22| Alfalfa 23,400 468 i 115 : oy
4 22117 Root ’, 5 0.3 33
: o= | Stem ! b A 3‘_1'
; 2 Leaf ! 24 1.2 i?
4 3 b
a e ’ , i [ N - -
: S 8 FPM IRRIGATIO!! | 37
H ! 7 _ _ N - 35
< . i 39
: Sugar Beet 49,300 394 195 | 0
. bPoot | 4 SN DR I 1__n¢ 1 1=
Stem a 'a ‘ 1
1eaf | ' 24 3.0 0 1 ¢
L [




[EATPRE PR F T

IR T JUCE X WEFRORE O W)

ty ta by

R R R X W ol
w
i

.
P VS I B N Y 7 B WA

T e ™ Rl AU Tl M o b et WD

1953-01

(OYFP

Table 19. Bioconcentration of DIMP by Plant Parts

!
1
5
L
2
1 -
i .
L] z

g
y 2
i i
] 3
i &
.'i s
q 1
i .
by l T
1 .
A ‘ ‘e

a
1 13
i 1 -
g i
§ T

! :

N -
K 1§
3 1¢
; o
A =t
P 2>
" — A
=i 2
: :
4 2
g .
iy
M
[ P
o

- g
i I 'y
! (Terminal). (Sheet 2 of 3) - : i,
! ' f '3
| otal DIMP : P
l t 2
Added to Po DIMP ' ; :
Volume of Days Concen- { | 7
20 ppm Weight From tration in Biodon- I 8
! Plant Irrigation of DIMP QOriginal Tissue centration : 9
! Part (cc) (mg) Inoculation (ppm) Facitor P10
' ' ' ' . by
Carrot 52, 700 422 225 ! : 12
Root 1 0,3 [ 13
Stem 5 0.6 ! 14
| Leat 17 2.1 {1113
Bean 17,100 137 | 116
i Root 46 slg 17
| Stem 29 3.:6 1 18
; Leaf 41 5,2 : 19
20
3 Lol ] l
Wheat 17,100 137 I ) : 21
17 Stem - ¢ 3 1 23
i Leaf 86 1047 I 24
! |,
Alfalfa 23,400 184 115 | 1 2?
' Root 11 1.:4 ! 26
; Stem 6 0.8 | 27
i Leaf 21 2,16 128
‘ ! 129
i i PPM IRRIGATION : ! 30
' — : ! 31
Sugdr Beet 49, 300 49 196 : | 32
; Root ¢ ﬁ : 33
. 35
Leai 1 1 ]
f | | 36
Carrot 52,700 53 225 P37
' Root 1 i : 18
. Stem 1 1 . |39
' leaf 10 1'0 | i 40
!
T
!
: |
' J



Fass

PN
.

JROVSPRRIIE = RIS T PP

e

R N

T meeTalld

T b S
.

PPN UL PSP PR 1V

LS 2 o8 ik o

oy w

IS I O8I T e it e

B

W e == O U o =)

ne
UF T = O D O3 =) O T .

'u\-“b-)b-)WU)LOUl‘J)b)IchNlJl\)N
W o~ O T

e e e W
o TN

-e
13

fhs
A W

J1953-01(QLIEE.
U 1 T
Table 19, Bioconcentration of DIMP by Plant Parts : ; !
(Terminal), (Sheet 3 of 3) - l 1 z
{ i3
- 1 ! 1 A
Total DIMP : b
Added to Pot ,5 ¥
- — DIMP S 1 b
Volume of ‘ Days Concen - b | g
20 ppm Weight From tration in Blioco 1—: b
Plant Irrigation of DIMP . Original Tissue ce:{tratgom 0
Part (cc) (mg) | Inoculation (ppm) Eactoir i1
1 !
! i 12
Bean 17,000 17 i 13
| | 4
Root 9 19 -
! Stem 1 b I Z
| Leaf 3 t3 }
| Col s
| Wheat 17,100 17 , : g
| Root 4 '+ | "o
| Stem 4 14 |-t
| Leaf _ _ 1 < a2 ' b2
| | E
.Alfalfa 23,400 23 115 : tba
; Root c ra | : ES
; Stem c ba t 1 L6
! Leaf C : a : 7
1 i i IS
: 7 19
. #No sample : Ppo
LI
b I l 3
i None detected | ) 12
| 1 B3
c | |
i <0,1 ppm
' ! : 'bs
; 1 36
" L 37
| , 38
i 1 39
' I 40
- DO U ',
N [ - -1 ‘;1
[ |42
: 1 43
, X

[ R T P )

—— Y &t e o =y = ——
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“lost in the drying process, This calcu ation i1ndicates fthat coproxuna.rly 757

1953-0}(01)FP

: ‘ of the DIMP was not extracted from the dried tissue either bHecause aof va.porn.— ; ;
'3' . zation, fixation, or chemical conversion. : : ‘:;
[
: I This same charactevistic has been noted before for DCPD, in which appxl'oxv- : ‘_é
d : mately 50% of the DCPD was lostin a Loncentratmg step i the analysis of a l a
- 'standard solution, : : | P2
‘ { j | | 7
8 | ' ' ! 18
9 | 'Analyses of the plants gxpn%ed to DCPD revealed no traces of the material ing 1 g
1+ these samples, One of the dxffxcultx.esl ia administering this contaminant to : 1'0
11 : the plants was the lack of solubility of DCPD in water. The 10 ppm soluhon I 1
12 appec_red to be homogeneous but all of the other concentrations resultediin o
12| a waxy film of DCPD .»f varying thickness on the surface of the solution. ' I 1“
o Tth film appeared to vanish with 'cn.*ne and was replenished upon subsequent : '—:’
15 ‘additions of DCPD to the nutrient baths as described earlier, Addition df | ,?
o ‘solubilizing agents to the DCPD baths was avoided in these experiments to o '(j
e preclude additional unknown factors that would not be present in any naturallv : .
15 og curring contamination, i 1 ;é
190 | _ Rt
o | ‘The analytical system (extraction/chromatography) has been shown capa'.ble P
21 . 'of recovering standard additions ol D”‘PD tc plant material at 1U0 ppm. ; f 51
;7 The conclusion then as to absorption of DCPD in the plants is that probably 1 55
23 : ‘it is at too low a level to be detected by our presently used techniques, \This l ;3’
2. 'leffectively eliminates consideration of bioconcnetration of DCPD in the P.', drg- ;J_
3 : 'ponic system and without solubility aids, : ! 25
26 1 : ! : 24,
271 | ! | 5o
>t . 2.4 DISCUSSION : ! 23
29| | P29
39 ; l |2
31 ;2.4.1 DIMP ] by
! | ¢
32 : | 32
23 : The data generated by this study have;shown that there is a phytotoxic cffect : 13
31 .onthe plants treated with DIMP. Those plants receiving relatively highl ! 34
in conccntratxons of DIMP in their nutrlent solution or irrigation water show Poas
36, 'definite signs of plant tissue damage.! As the concentration of DIMP approach-: 3%
o ‘es zero the symptoms of phytotcxxcxty become less pronounced until they 137
3. ' became indistinguishable from those caused by normally encountered Pn,_vz.- Vag
E ronmental stresses on the plants. | | : 39
0! } ! l 12y
i s *Such symptomsas leafcurl and-tip burn-—could-atso be-indicative-of-defi Ilen-- _d .
i leles intrace f:ler“ :nts in the plart irrigation medium but controlled selution] ! ..
. - Y
i : : : S
Ty

e . i
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) :r'preparation, thermostatted greenhouses, and unifermity of irrigation should —_: 1
) ' eliminate enough variations in plant to;plant treatment to produce these 2
5 | symptoms. A certain amount of plant to plant variation exists because o plant! 3
. ' position in the greenhouse, Proxmuty of walls, heaters, coolers, _,hade, or : 1
5‘ l sun can cause variations within specxe ' t 5
5t ! l6
- The phenomenon noted with some plants in which a smali dose of DIMP p‘ro- } 7
3 ; duced enhanced growth whereas a larger dose produced phytotoxic symptoms| S
9 also creates a certain amount of ambiguity in the evaluation of symptomd. g
0 | T ‘ : 10
1 : ’1‘akm<r all of the above into consxderatxon, estimates were made of the phyto- 1y
2 | touc effect/no effect level in the hvdropomc systern. Based upon these‘ | 12
3 i estxmates contamination levels were chosen for the soil culture tests whlxch : 13
4! it was felt should have resulted in an effect level, a no-effect level, and one by
! somewhere in between. ! (.
b 1 [ 15
tol I P16
. As the soil growth experiments matured it appeared that the contamination ty7
. levels chosen for the demonstration of effect level were not high enough to ! lé
i show such an effect, I : Lo
. ' 120
D The data from tlie initial soil growth exper imenls were exarmined to esta.LlLsh ; 21
- some relationship between dose level and phytotoxicity. From the purely ' o
5! VLsual evaluation no symptoms were eyxdent which could be tied directly to , 23
- ' r]ose level, As for harvestable plant vlvexghts we may concluda that in some 194
3 : cases the nominal contaminants are actueally growth promoters, The cmiy ! ;5
. 1 evidence available from the strictly statistical point of view are the yxelds : 24
71 of the positive control plants. These vary so widely one from another that t oo
. Lt can only be concluded that plant-to-plant variation is so great as to com- : 28&
2t pletely mask the results of the treatment. In other words, the signal- to, 129
I, noise ratio is very low. ] I 30
Lo } F3y
K : A much more extensive series of expe'riments, from the point of numbers of : 32
3, plants and contaminant concentration Jevels, would be required to ena.bld | 33
< 'ma.themat).cal statements of the effect.? of DIMP on plant growth. : : 34
31 ' 35
4 : From the supplemental, broad range bOll growth experiments, we can cém- : 36
7 clude from visual evaluation of symptoms mainly browning of the leaves t 37
' and stunting of th= plants, that a levcl of DIMP in the irrigation water between ! 38
; 100 acd 300 ppm duriang the early stage<‘ of developmeant and down to applo- : 39
' ximately 50 ppm as the plants approach maturily causes such symptoms'tc I 40
. 'appcar. e e e e “‘r“—“; 41
! | P a2
:' It has also been shown that the bioconcentration of DIMP occurs at all levels : L3
. 35_.1)[\1? application mainly in the leafitissue. This concentration is not J' 44
73

|
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|

1 ' so evident in the portions of the plants norn{ally directly consumed by human_:

‘.\_/

1

. beings, e.g., carrot and beet root, bean pods and seeds. - i I 2

30 : E

. Portions of the plants which have use as animal fodder, most especxa.lly |4

A ¢ the leaves, show concentration factors which indicate that such matenah g

a‘x . could enter the food chain by way of animal feed. ' ; 6
R | RN

3 i The significance of the absolute quantities of DIMP ingested in terms of | 118

4 ol human or animal health must be ascertained by further investigations into 119
:1 0 the actual human and animal toxicity olf this compound. Included in such! : 10

R

L AN

investigations should be a study of the Ipossxble sypergistic ecffect of the 3
possible food matrixes involved and the deposition and concentration of the -
toxic material in the human or animal' organism. One of the observatiohs
noted in the broad range soil tests was that the effect level of DIMP became
lower as the plant matured. This was probably due in part to the absorptxon

n.
LY I S I

v e

e
e NN —
[

R VTN N

s !
: !
k] |
| |
] : L5
:-l o of DIMP from the irrigation water by the soil particles near the surface.l 14
! o7 : Data from the lysimeter tests indicate:d that DIMP would be accumulated'in : 17
4 .. a concentrated band at the surface of a soil column with the rest of the 113
% 7  column, such as the area occupied by the plant roots, receiving a more : %'9
1 z dilute solution than originally applied.! This type of phenomenon may also 129
A 2! ——partially-explain-the observation that .bmconcantnaﬂon_also_appearﬁ_mss: 121
b ;_2__: intense in the soil than in the hydropoqxc case, in which the piant roots are 122
R 23 ; sub_,ect to a higher, more readily available concentration of DIMP. N : 23
i 25y | ‘ | p 2k
. 25 . | 1 21‘5
4 24 2.4.2 DCPD o b2y
] 27 | | 28
g 13" The parallel experiments to those dis -ussed above which substituted DCI':'D 129
; 2?  for DIMP led to somewhat different cesults, As in the case of DIMP, certain ; 349
§ 55 visval evidence of phytotoxicity was obse"ved The overwhelming symptom | 30
31 in this case was stunting of the affected plants rather than the browning | ( 31
g >2 " reaction so evident with DIMP. 132
| 530 , t3;
! j"‘* ' ‘Sensitivity limits in the DCPD analyti¢al scheme coupled with the 1nsolu‘3111ty ! 34
{ -= of the DCPD in irrigation and nutrient! solutions resulted in no quantitative i35
: .data on plant uptake. An evaluation of the yield of plant material from the : 36
- s soil grown plants in the DCPD case also showed no discernable tissue ddmage g 37

which could be a.-signed to DCPD uptake. At the irrigation contammatto’n - 33
Jlevels used in these tests, <1000 _ppm DCPD, no visual symptoms of phyto— ELs

SR i cetia a2

L}
i xicity were f"-fmucly attributable to Ult. contaminant. P "“‘: 40
i S | £

] L l i
i ' ":mcr_, in the analytical {echnique used here, the presence of 100 ppm DCPD : 42
[ was._&euuhb,hﬁcuxcmbm_;«wnuuduhaumm.caaﬂJc,s.a.thﬂur_th,gmp.utJ =3
. K1
| - -

LI : i
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i Ly Sectjon 3 I vl
i 2 - : 2
t
g 3 SOIL STUDIES ! i3
4 e : 1.1
Ny 5| 1 ; 5
w ‘
) 6 3.1 OBJECTIVES | | 6
5 7 i 7
4 8 Another general area of study under this contract is the determination ol: : S
3 ? : moblhty or stability characteristics of the contaminant chemicals in soil, 1 9
“‘l 10 Contamination of soil at given mstallatxons can be determined and appropriate ; 10
i 11 Letion taken with one degree of urgency if contaminant migration can be 11
) 2 ! i
3 lf ' demoastrated to be insignificant, ngmfxcant rates of migration, on the l jl2
i 15! biher hand, indicate need for a more expeditious approach to prevent prob- 113
' [ P PP p P ? i
§ L4 | lems of contamination of adjoining property, i i 14
: 15 f i3
1 AN ‘ i
ﬁ e : " Measurable migration of contamination through the soil also bears upon t'he : ©
] L7 ; subsequent agricultural use of the area. Removal of a contaminant from the | 7
'6 RS ! ,local soil by irrigation could be, in some cases, a preliminary to rel.urmng 1 18
g 'Y the area to agricultural production of leble foodstuffs, i : 1g
A 20, l , , 20
s 7‘1 ' Preliminary analytical experiments indicated that there was a greater cha ncée : 2
s T 2‘; l of—successf\rl“ana:ly‘s1ﬁrrthe-case—o£—DIMP—and—therefore the—bulk—of—the—i 22
Y ;i i lysimeter migration studies was run wrth this compound, ' : c3
| 7L
:' ’ i, .- i ::
d 251 Anp additional series of bench top experiments was performed, the objective j e
j Z'i ! of which was to determine the significance of volatility cf DIMP or DCPD fro ‘ :.22
; gé : ‘soil. These tests used radicactive tracer techniques in their execution.| 1 g:
, ! | | ¢d
29! { 129
30! , { 30
! e i 3,2 MATERIALS AND METHODS l | P
y i .
i ]
, 32: [ [ 32
33 : : ! 33
b3, 2, Lysimeter Studies )
i 34y el 1 34
! 35 | . ‘ bss
36! | ' | 36
] 37 : i3,2.1.1 Lysimeter Design and Construction ! | 37
" 2
i 38! : Y
' . 1 The lysimeters used in these expenments are shown in Figure 37, They ! 3;
A U . consist of cylindrical steel contamers, epoxy coated on the inside. They : O
i ‘ i. contziners_are 22_3/8 in. inside diameter by _70 in. high and were placed 0
; ’7 . .in two groups of five each on wooden stands constructed in accordance wnth 1, L_’
: ‘ ' ‘the drawing in Figure 38, Kach ot the. lysimeters had a screened cover | | :
5 i , (F;gure 39) to afford protection from rainfall and local wildlife while leav- : "'1
1 ( R 1nfv-frce—atrc trculation-ever-the—surfaces ! -4
|
. ' —76—
i I
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i 1 { Soil solution access tubes (The Irrometer Company, Rwerexde,Cahforma) bl
i +  normally used in tensiometer apphcatxons were inserted aporoximately ! 2
g 3 : 1 ft into the soil bed at Points 6, 18, 30 42, and 54 in. below the surface : 3
,:_ 4, level. These tubes (Figure 40) consisted of porous ceramic cups attachea bd
i 5 : coamally to 1/2 in. diameter polyvinyl tubing. Ground water which collected : 5
f & . in these tubes was drained out into sample jars on a weekly basis and subjectedl 6
v T to chromatographic analysis. The soil columns inside the lysimeters were 17
?} 5 qupported by a 6 in. deep layer of washed pea gravel which rested on the! 18
5 9 | msmde bottom of the apparatus. A drain valve at the center bottom allowed : 9
.’5 10 ‘l ground water which had traversed the 60 in. soil depth to be bubsequently i 10
" 11 sampled and analyzed. : : { BB
] 121 : L1z
1 13| Soil core samples were taken with the tool shown in Figure 11. This is an 113
‘ 14 : :Oakfield, Wisconsin pattern soil sampier Model No. 1238N-DB with extensions : 14
?‘1 15, and replaceable tips purchased from Nasco Agricultural Sciences, Modesto, p 13
: 161 !Californi.a.. | |16
i 17| | : 17
1 18: ‘ ' (18
19, 13.2.1.2 Soils , : 119
| 20 | , ;28
IS 2l The two sets of five lysimeters each were packed toa depth of 5 ft with ' 12t
! a2 'reconst;uc—ted-so;l taken—fr—om-vax-xous_loca,txons.__lhe_techmque._ﬂon_pze_,__,_.;.z-}; _ B
‘i : : parmg the lysimeter contents consisted of excavating field soils in 1-ft depth b 23
§ 2%, ‘increments. These increments were held in isolated containers until each : 24
1} 2-? | ‘was qeparat'ely air dried and ground to pass through a }/4-in, sieve. These| | 25
], %‘_‘1 ‘ dned and sieved portions of soil were, then packed into the lysimeter so ?:hat | 2’_
1 et ‘their final spatial relationships were the same as they held in their natural | 27
1, 8 : !state. i 128
Dol B
3 i(lj ' the test soils werc obtained from varxou., rural locations in Southern Cah- : 30
E -5 : f01 nia (Figure 41). The top 1 f{t of each soil sample was analyzed to deter - l 3_1
% f‘; i mme the soil types and those used in tlns study include: (1) Chino -- sandy p 22
I fJ i cla.y loam, (2) Brawley -~ clay, (3) Ventura -- cla am, (<) Fullerton .- 1 33
& 'j“:' 'sandy loam, and (5) Walnut -~ clay loam, Tableswand ist the test : 3%
3 2 sml characteristics determined in the laboratory, and Figure 42 Lllustrates -
: g{; : ‘the position of these soils on a textural classification chart. ! : :;é
s | | f
; 3‘:’ © The most recent use of the areas sampled for ‘hese particular scils werfe: | : 3z
j 3 . Chino, scl -- rangeland, Brawley ¢ -- unused portionof a USDA Agricultura ;"(7
; O ;  Research Service farm, Ventura ¢l -- abandoned lermon ranch, Fullertonl 1120
i .0, sd -- orange ranch and Walnut cl -~ abandoned general agricultural a.rea.:. l ! "E
s \ 1 o
. | i
) _80__
4; |
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; : ; Table 21. Spectrographic A‘nalyses of Top Soil Samples. - i

.

5 : Semiquantitative Analysis

7 ‘ (T}

g’ i Element Brawley Chino Fullerton Ventura Walnut

0 |
10| si 23.0 30.0 33.0 28.0 28.0
i;: Al- 11.0 8.5 5.5 8.8 8.7
131 Fe- 3.3 2.5 2.0 2.4 3.6
14: Ca- 5.3 2.0 2.4 1.4 2.8
15, Mg 1.6 0. 85 0.69 1.2 1.5
16 ; Na- 3.2 4.5 4.5 7.4 5,2
1;, K- 3.7 1.7 2.5 2.9 1.9
10 : Ba- TR<0. 05 0.052 | 0.054 0.053 0.079
20 | B- 0. 0042 ND<0. 003 ND<0. 003 7 R<0. 003 ND<0. 003
2 Ti- 0.50 0.42 0.27 0.53 0.57
?2‘-;'—:-‘ Po- TR<O0. 01 TR<O0. 01 TR<0. 01 TR<0, 01 TR<O0. 01
i : Ga- 0.0068 0.00639 0.0032 0.0048 0.0061
R Ma- 0. 050 0.059 0.055 0.040 0.063
26 | v 0. 0094 0.0084 0.0076 0.00%2 0.0087
; ; Cu- 0.0042 0.0030 0.0049 0.0067 0.0059

g ! Az- ND<0. 0001 ND<0.0001 | TR<0.0001 | ND<0.0001 | ND<0.0001

) : Ni- 0.0034 0.0032 0.0031 0. 0044 0.0046

1y Ze- 0. 021 0.025 0.025 0.039 0.028
2, Co- 0.0028 0.0023 0.0021 0.0024 0.0040

3 : Cr- 0. 035 0.013 0.027 0.054 0.032

5 Sr- 0. 0020 0.0023 0.0021 0.0022 0.0019

6| Other Nil Nil Nil Nil Nil
z TR = Trace
~ \D = Mot detectable
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: 1 “ 3.2.1.3 Experimental Design ! 1
i :‘: ' - | L2
! 3! There were two general methods of application of contaminztion to 1ysim?eter : 3
i .. soil to be investigated., The first, designated Group 1, consisted of applying| | ¢
: a standard solution of DIMP in distilled water (20 ppm) to t=e surface of the g
soil and allowing it to percolate through the unit, Samples were taken of the } 6
7 ground water, drainage water, and soil at regular intervals for chemica 1 7
i 3, analysxs. The lysimeters were preméistened before the acdition of the | 18
% contaminant solution by adding dxst1lled water at the top anc allowing it t : 9
K 1¢° drain through the system until water appeared in the drainage pipe. This 110
" 13 : water was then allowed to drain out until flow ceased before beginning addxtxon '
1 12 1+ of the contaminated water, , : 12
13! I 113
'3 1.t ‘ The second method, Group 2, consxsted of intimately mixing 20 ppm DIMP Iy
) LS into the top 1 ft deep layer of test soils in a second group oz five lysmmeters : 15
1- . and applying a 2-in. deep layer of distilled water to the soi} surface at regular ; 1§
{ 1~ ' intervals. Samples of the ground water, drainage water, aad soil were taken ! 17
k! 1o énd treated as in Group 1. The chemical analysis for DIMP permitted ob- : 18
i ] sex vation of the progress of the chemical through the soil. 119
h 29, t ' 20
B 21 ! 121
22 3.2.).4_Sampling + - . .22 .
g 23 : { a |23
K 24 Sampling of the lysimeter materials consxsted of two general types: hquxd 24
g 23 . and solid. The .'quid (H,0O) samples were taken by draining the soil solu- : 25
2t tLon access tubes « f thexr contents on a weekly basis, The tubes were stop- 126
o pered in place by small (1/4 in. dxame:ter) polyvinyl valves which, whenl : 27
i 28 opened allowed tl.e collected liquid to' run into a 20cc screw capped scintil- | | 28
: 29 | lation vial (Kimble No. 74500). The sample tubes were positioned at anl 129
; 50, estimated 10° slope to allow liquid which collected in the ceramic cup to! : 30
31 . flow to the sampling valve. Samples from these tubes were small in volume,| 31
32¢ \usually less than 10cc. | } 32
'; 33 ; | | 33
1 341 Concurrent with these access tube samples a sample of the drainage at the I3
i 33" 60-in. depth was also taken, This was accomplished through a valve at : 35
: 3N the bottom center of the lysimeter. Drainage volumes of several liters t 36
3% ! \xerc available and aliquots of these were taken for analysis, | 37
i 380 ] n | 38
‘ RN The soil in the lysirmeters was also sampled on a monthly basis by mea.nl'% 1 39
4 A0 of the Corma tool desuxbed in Section'3,2.1.1. In practice the tool was : &
<. .7 inserted so as to retrieve a 6~in. deep core theu retrieved and the approxi-—|~ 1 #i
SR n'\a.tely 6 in. by 1/2 in. core placed in.a 4 oz glass jar and sealed. The tool : 12
+3 mas then returned to the s5ame samphng hole and the next & in. mcremedt of | t+ 43
b 'depth retrieved in like manner. This process was I‘Qpe%t,cd_}_’_mma_t—.u_}_&_s._ _; R
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| |
: : ] depth (60 in.) of the soil column had been sampled. One core sample, con- : 1
:  sistingof ten 6-in, increments plus one 1/8-in, surface san:ple,-was taken )
‘ _ from each lysimeter during each l-month sampling period. N ; 3
sy ! 4
5 On completion of the sampling in a given location the sample hole was plugged bs
L by inserting into the full length of the hole a tight fitting 1/2 in. Ly 6 ft section ; G
v T, of rigid polyvinyl px.pe sealed on both ends, : |7
! 8 ! 18
: | I'a
; 91 | b
! 107 3.2,2 Volatilization Studies (Radioactive). [ 110
‘: 1 ' ! tn
i | I
: 121 1 { 12
! 13 : 3.2.2.1 Experimental System : : 13
‘ 14 14
: S ‘ The experimental arrangement used to determine volatilization loss took: : 15
14 . advantage of one available method for nhysically locating the subject chemicals; |5
17 ' in the test matrix, namely the use of radioactive tracer tecnniques with car-; V7
: 15 bon-14 as the source of radioactivity.  Samples of DIMP (Me - 14C) andl : 18
a 'DCPD (X - 14C) were synthesized by 1 \'ew England Nuclear Corporatxon'for 119
i 27 use with this technique. ‘ Pag
f 21y | . ! P2
: _ 201 The test procedure consisted of diluting the appropriate test chemical with 122
B 2% nonradioactive DIMP and DCPD respelctwely and adding these solutions to 23
i 2 : samples of dry soil to a level of 20 ppm. This was accomplished by addmg 2<
: 23: ‘a weighed amount of radicactive liquid ina sealed, thin-walled a.na.lytl.ca.l 23
. o

i PN ampoule to a glass mixing jar contan.mng the proper amount of dry soil,

' " sealing the jar, and turibling it for 7 to 10 ar. The ampoule is CJ::ushed|

by the initial rotation of the jar, and subsequent radioactivity measurernents
on different portions of the soil sample indicate that thorough mixing was
‘achieved. ‘

|
1
In the first experiment in this series the mixed samples were placed in l

‘i ', ii in. deep layers in a series of 25mm, Pyrex test tubes. The tubes were set
s

ot
-1 O

W Ly LY Ly T N
Ty [] = 22, <L
(LA & NG B ¢ ]

[SS VSRR P I P R VS I PR VX I O S WP I AT AT S o o)
[SS RN

. 37 'into gas trains as shown schematically in Figure 43. The actual appa.ra.tus

' 35" is shown in the photographs in Figure 44, Dry air passed through Drterlte

4 26 ' '‘columns and a 0.43Kk diameter Mnlhpore filter was passed over the surface

“ 27 of the soil at 100 ml per min followed. by bubbling into two methanol traps in

i 27" series held in a ¢ry ice/alcohol bath. At the completion of each of the va.rxous
2

test pe riods samples of the soil were taken for analysis of remaining radLo-
|
|1 jactivity.

PR

The second set of experiments using ’Lese tracers was set up xdentxcallx} with
the ciastwith the following exceptic: -.__The dry soil s_a*npl s was moistened ]
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! 1 ! by the admixture of 20% of its weight of distilled water, and the test. chambers | |
) were changed from 25mm Pyrex test tubes to 55mm Pyrex zas-impinger! I
g + " bottles filled to a depth of 6 in. with the soil, All other operations were, : 3
; . the same as with the first set, ; ! P
'l 50 1 : : 5
E o | | | ©
z T 3.2.2.2 Soil ‘ 1 {7
3 8 | | ! 8
1 ¢ | The soil used in all of the radioactive tests consisted of Fullerton qandyl : 9
1 1C loam topsoii that had been screened throucrh a 1/4-in. mesh sieve and air- 110
3 11 : dried before use. ' i ]
.} 121 | : P12
A 131 I t13
] 1! 3,2.2.3 Sampling , ™
i ER ' 15
i 1. At the completion of a given exposure period for the soil in the test tubes p1é
3 17! a tube was sacrificed and the soil contgined therein divided into l-in, incre-1 ! {7
' ments of depth. These increments were kept in separate sample jars for : 18
: < submission to the radiation laboratory. The entire l-in. increment was! 113
i oy taken in =ach case. The effluent air downstream from the soil tubes wasg : 20
Co 2. bubbled through solvent traps which contained methanol, in the DIMP train, t 21
_22__and hexane,_in the DCPD train. The total liquid contents_{lof the bubble traps | 2z

B 22" .were also submitted for analysis. : 1 P73
i 23 | { L2z
A 23 ! i 23
J 26 3,2.3 Chemical Analysis 1 1 25
: 271 | ! L o7
! 231 i 1 23
20! 3,2.3.1 Soil and Water Samples, | 129
! 36 1 ! 50
1 3! f 'The chemical analysis of the lysimetelr soil and water samples followed the l 31
: KYAL same general procecdure as the analyses discussed in Section 2, 2.4, Smce | 2
3 kR DIMP was the only contaminant used 1In the lysimeter tests the direct mt'roduc-l 33
3 I= tion of sample solutions into the chromatograph was used. The sample solu- : 3t
s 35" Yions consisted of methanolic extracts of soil samples and ground waterI | 35
; 3¢ samples either used directly or diluted with distilled water if necessaryy 36
{ pal | ; 33
7 3t I3 2.3.2 Analysis of Radioactivity : [ 39
i S bl
‘, ' "The analysis of the radioactive samples consisted of dEtérf‘nrnfﬁg_tlie_qﬁa:"ntltﬂf_'; =
: : of 1*C present in a given sample, This was performed by New England! : =2
i iy A : : iy " , | ‘__.._.
1 L I S o Lo T L ras
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Nuclear Corporation, Boston, Massachusetts using the techaique of sample
combustion, trapping, and sciatillation counting of the released 14C, The
quantity of radioactivity found was then calculated as percentage of radxof
activity initially placed in the sample.

3,3 RESULTS

3,3,1 Lysimeter Studies

3.3.1.1 Group 1

e - e - . - —— o —— . —

In the Group 1 experiments the contaminated irrigation water was added
weekly to the soil lysimeter by covering the surface with a 2-in. deep layer
of water (12, 887cc¢) containing 20 ppm;DIMP in solution. This rate of addi-
tion of material to the lysimeters was;COntinued for 14 weeks at which time
the drainage had slowed considerably and the same addition was made or{ a
2 -week cycle, .
|

-A_set. of.analyses was_ run on the oround water samples from the lys xmctcrs

r

W00 «) O e W

just before each addition of a new charge of liquid. The soil core aamples

‘were taken once during each monthly p'erxod and analyzed. :

The amount of water collected at the bottom drainage port has becn monitored

and related to the amount of water added to the top of the lysimeter. Th'
ratLo of water added to water recovered is designated drainage ratio. 'lable
'and Figure 45 illustrate the drainage ratxos determined as a function of time
'for the Group 1 lysimeters. Table 23 shows the DIMP ccuntent of the grBund
‘watex samples at the final sampling time. ,
!
!Analysls of the soil core samples at the conclusion of the experiment wals
run on four cores from each lysimeter. :
'
Because of possible inhomogeneities and such phenomena as channeling
exist