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Some physical, chemical, and biological factors that might influence the persistence of 
2,4-D compounds in natural waters were investigated. The amounts of 2,4-D (sodium 
salt) of the isopropyl, butyl, and isooctyl esters sorbed on bentonite, illite, and kaolinite 
ranged from 0.02 to 0.14 mg. per gram. These sorbed amounts are small and insignifi- 
cant. The solubilities of the calcium and magnesium salts of 2,4-D in distilled water at 
2.5" C. were determined as 4000 mg. per liter and 11,100 mg. per liter, respectively. 
Ordinary concentrations of calcium and magnesium ions would not remove 2,4-D through 
precipitation reactions. 2,4-D persisted up to 120 days in lake waters aerobically incu- 
bated in the laboratory. Esters of 2,4-D were hydrolyzed biologically to the free acid 
and corresponding alcohol within 9 days, as measured by manometric techniques. Oxy- 
gen uptake data suggested that only the alcohol moiety was oxidized. 2,4-D was 
decomposed biologically by  lake muds, 81 to 85% within 24 hours, but only after ex- 
tensive microbial adaptation techniques. Ultraviolet irradiation by a mercury lamp 
decomposed esters of 2,4-D, the rate of which was pH dependent. Photolysis occurred 
faster at pH 9.0 than at pH 7.0 or 4.0. However, ultraviolet energies from sunlight 
irradiation are not expected to decompose 2,4-0. 

STERS of 2.4-dichlorophenoxyacetic E acid (2.4-D) are used effectively 
for control of iome species of aquatic 
weeds in lake\. ponds. and reservoirs that 
are usrd frequently for potable water 
supplies. Also. these compounds may 
enter surface \caters through discharge of 
industrial i\-aste Xvalers (IS). Since 
nothing is kno\cn about the fate of 2.4-D 
compounds in natural surface waters! 
some of the physical. chemical. and 
biological factors that might influence 
their persistence \yere examined. 

Materials 

2,4-Dichlorophenox~-acetic acid. East- 
man Kodak's 1'0. 5532 \t-hite Label 
grade. ' rhe sodium salt of 2.4-D was 
prepared by adding the: appropriate 
amount of the acid to am equivalent 
amount of sodium carbonate in boiling 
water. 

2.4-D isopropyl ester: liquid com- 
mercial formulation containing 47.07, 
of the ester. 

2.4-D butyl ester, liquid commercial 
formulation containing 3'3.0%, of the 
ester. 

2,4-D isooctyl ester, liquid commercial 
formulation containing 69.0% of the 
ester. 

2,4-Dichlorophenol, Eastman Kodak's 
No. 193.3 \Vhite Label grade. 

Physical and Chemical Factors 

Sorption of 2,4-D Compounds on 
Clay Minerals. Several investi- 

gators ( 7 .  7. 73. 7.0) reported that 2.4-D 
\\.as adsorbed in soils and sholced that 
clay components of the soil \vere 
among the factors responsible for in- 
activation of 2.4-D. Since clay minerals 
constitute the major portion of the 
turbidity of natural \caters: the possible 
role of these inorganics in affecting the 
persistence of 2.4-D compounds \cas 
evaluated. In this study. the sorption of 
the sodium salt. isopropyl, butyl. and 
isooctyl esters of 2.4-D and 2.4-dichloro- 
phenol, which occurs as formulation 
impurity ( / ( I ) .  \cas determined on three 
clay minerals: kaolinite, IVyoming 
bentonite (a montmorillonitic clay), and 
Fithian illite. These clay-s ivere ob- 
tained in a 2-micron size. and \vere freed 
from exchangeable bases and converted 
to the standard state (H-saturated) by a 
process of electrodialysis. The clays 
icere oven-dried to constant Jveight. 
The cation exchange capacities of the 
clays in milliequivalents per 100 grams 
\cere as follo\vs: kaolinite, 7.83 ; illite. 
25.0; and bentonire. 86.0. 

Procedure. Forty-milliliter aliquots 
of aqueous solutions that contained in- 
creasing concentrations of the 2.4-D 
compounds \cere added to 1-gram 
portions of the clay in 125-ml. flasks. 
2,4-D concentrations ranged from 3.7 
to 21.0 mg. per liter. The  pH values of 
the clay suspensions were 3.6 \vith 
bentonite, 4.6 \vith kaolinite: and 4.8 
\cith illite. The flasks bvere agitated 
continuously on a laboratory shaker a t  
room temperature (25' =k 2' C.) for 24 
hours. The clays \cere separated then 

by high speed centrifugation for 20 
minutes. and the equilibrium con- 
centration of each 2:4-D compound \cas 
determined in the supernatant by a n  
ultraviolet method (2) .  

Table I shoics the amounts 
of the 2>4-D compounds sorbed by 
bentonite. Adsorption isotherms \vere 
constructed according to the Freundlich 
equation (72 )  : 

Results. 

loq y = log i, + 1 ,'/Z lop c 
I / )  

Ivhere 

\ = amount adsorbed. mg. 
In = \\.eight of adsorbent, grams 
C = equilibrium concentration of the 

solute. mg. per liter. 

BY plotting i versus c on log-log 

paper, a straight line is obtained !chose 
slope is 1 '11 and intercept a t  C = 1 
is k .  k and 1 ' n  are parameters for the 
particular system. Freundlich isotherms 
are sho\cn in Figure 1 for 2.4-D com- 
pounds on bentonite. Similar plots 
Ivere obtained Lcith illite and kaolinite. 

k and 1 'n values \cere calculated for 
the three clay systems and \cere inserted 
into the equation 

rn 

ivhere 
C - initial concentration of the sol- 

C f  = final concentration of the solute, 
ute. mg. per liter 

mg. per liter. 
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Table I. Sorption of 2,4-D Com- 
pounds on Bentonite 

Initial Equilibrium 
Concn., Concn.O, Amount 
C,, Mg. C, Mg.  Adsorbed, m 
per lifer per liter x, Mg.  per Grom 

-, Mg. 

2:4-D SODIVM SALT 
5 , 2  4 . 0  0.048 0.048 
7 . 2  5 . 6  0.064 0.064 
9 . 0  '.O 0.080 0.080 

14.0 11.0 0.120 0.120 
1 9 . 0  12.0 0,160 0.160 

2.4-D ISOPROPYL ESTER 
5 . 2  1 . 7  0 .14 0.14 
6 . 0  3 0  0.16 0.16 
9 . 0  4 . 0  0 20 0.20 

12.0 6 .0  0.24 0.24 
15.0 8 . 0  0.28 0.28 
20.0 1 2 . 0  0.32 0.32 

2:4-D BUTYL ESTER 
5 . 0  2 . 0  0.12 0 .12  
7 0  3 .0  0.16 0.16 
9 . 0  4 . 0  0 .20 0 . 2 0  

11.0 ? 0 0 . 2 8  0 . 2 8  
16 0 8 . 0  0.32 0.32 
21 .0  11.0 0.40 0.40 

2,4-D ISOOCTYL ESTER 
6 . 0  3 . 0  0.12 0.12 
9 .0  5 . 0  0.16 0.16 

12.5 7 . 5  0 . 2 0  0.20 
16.0 10 .0  0.24 0 .24  
21 . o  14.0 0.28 0.28 

2,4-DICHLOROPHENOL 
5 . 0  3 . 0  0 .08  0.08 
8 . 0  5 . 0  0 .12  0.12 

12.0 8 . 0  0.16 0.16 
16.0 11.0 0 . 2 0  0 . 2 0  
19.0 15.0 0 .24  0 .24  
a Expressed as the acid equi\-alent. 

c 

d 

E 

E 
\ 
X 
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Consequently, the amount of clay re- 
quired to reduce the concentration of each 
compound to any desired level can be 
computed to obtain an indication of its 
adsorption capacity. 

For comparison, the calculated 
amounts of each clay to reduce various 
concentrations of the 2,4-D compounds 
to 2.0 mg. per liter are shoivn in Table 
11. For example, 26.3 grams ofkaolinite, 
40.0 grams of bentonite. and 34.95 
grams of illite were required to reduce 
the concentration of 2,4-D from 3 mg. 
per liter to 2 mg. per liter. This shows 
that the sodium salt of 2,4-D \vas sorbed 
in the following decreasing order: 
kaolinite, illite, and bentonite. A 
similar comparison for the sorption of the 
isopropyl, butyl, and isooctyl esters of 
2>4-D and 2,4-dichlorophenol revealed 
that these compounds were sorbed in the 
following decreasing order: bentonite, 
illite, and kaolinite. In general, the 
sorbed amounts of the 2:4-D compounds 
and 2,4-dichlorophenol were very small 
since relatively high amounts of each 
clay were required to remove significant 
amounts of each compound from the 
aqueous phase. 

Effect of Ultraviolet Irradiation. 
Ultraviolet irradiation of 2,4-D com- 
pounds was studied to evaluate pos- 
sible oxidative effects from solar radiation 
on these compounds in natural waters. 
Also, the use of ultraviolet irradiation 
was investigated as a potable water treat- 
ment method. 

PROCEDURE. The  ultraviolet light 
source was a mercury discharge lamp? 
660 watt: and a 30-cm. tube. Solutions 

were placed in a double-walled quartz 
jacket surrounding the lamp that had a 
90-ml. capacity and a 4-mm. depth. 
Samples were withdrawn at  various 
times through a side-arm connected to 
the quartz jacket. 

Solutions of the sodium salt, the iso- 
propyl and butyl esters of 2>4-D: and 
2:4-dichlorophenol rvere prepared in 
distilled water. t\pproximately 0.26- 
millimolar solutions of these compounds 
were prepared also in 0 . 2 5 M  phosphate 
buffer a t  p H  7.0. Solutions at  p H  4.0 
and 9.0 were prepared by the addition 
of 2.0.\- phosphoric acid or 2.0.V sodium 
hydroxide to the buffer solution. The  
irradiated solutions liere analyzed 
periodically for the concentration of the 
2,4-D compound (2) and 2,4-dichloro- 
phenol (8): and for the pH.  

RESULTS. Irradiation of solutions of 
the sodium salt: the isopropyl and butyl 
esters of 2,4-D in distilled water. pro- 
duced 2.4-dichlorophenol within 20 
minutes as shown in Table 111. Con- 
centrations of the 2.4-D compounds 
decreased continuously during the ir- 
radiation period. The  p H  values of all 
solutions decreased from 7.0 to 3.0. 

Ultraviolet irradiation of the sodium 
salt, the isopropyl and butyl esters of 
2,4-D, and 2,4-dichlorophenol was also 
studied at  pH values of 4.0> 7.0, and 9.0. 
The  sodium salt of 2,4-D was decomposed 
at  different rates a t  the three p H  values 
within 100 minutes of exposure. 2,4- 
Dichlorophenol appeared as a de- 
composition product within 20 minutes 
a t  p H  values of 4.0 and 7.0. 

Figure 2 shoivs the photodecomposi- 

t 

O'O'i 

/ 

I I I I I I I I I  I 

10 5.0 100 20 

RESIDUAL CONCENTRATION (rnp/L) 
PO 4 0  60 80 100 

EXPOSURE T I M E  (MINUTES) 

Figure 1.  Freundlich adsorption isotherms for 2,4-D Figure 2. Effect of pH on photolysis of the sodium salt of 
compounds on bentonite 2,4-D 

0 2,4-Dichlorophenol 2,4-D (sodium salt) 
5 Isopropyl ester X Butyl ester 
0 Isooctyl ester 
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Table 11. Amount of Clays Required to Reduce the 
Concentration of 2,4-D Compounds to 2 Mg. per liter 

Initial 
Concn., 2 ,4 -D ,  2 , 4 - D ,  2 , 4 - D ,  2 , 4 - D ,  2 , 4 -  
C,,, M g  Sodium Isopropyl Butyl lsooctyl Dichloro- 

per liter Salt Ester Ester Esfer phenol 

KAOLISITE-GRAMS 

3 26.3 37.59 42.73 44.63 96.11 
4 52.6 75.18 85.46 89.22 192.22 
5 78.9 113.77 128.19 133.89 288.33 
6 105.26 150.36 170.92 178.52 384.57 

ILLITE-GRAMS 

3 34.95 11.79 13.33 14.16 19.23 
4 69.93 23.58 26.66 28.32 38.46 
5 104 89 35.37 39.99 42.48 57.69 
6 129.86 47.26 53.32 56.64 76.92 

BENTO KITE-GRAMS 

3 40 .0  6.89 8.77 10.31 16.39 
4 80.0 13.7B 17.54 20.62 32.78 
5 120.0 20.67 25.30 30.93 49.18 
6 160.0 27.50 35.10 41 .24 65.57 

tion of the sodium salt of 2,4,-D with time. 
.4t pH 7.0, photolysis progressed a t  a 
decreasing rate with time of exposure. 
2.4-Dichlorophenol. 1.2 mg. per liter, 
appeared within 20 minutes and sub- 
sequently disappeared within 60 minutes. 
.4t pH 4.0. 2.4-D decomposed a t  a 
relatively slower rate than a t  p H  7.0 and 
9.0. A concentration of 7.2 mg. per 
liter of 2.4-dichlorophenol \vas produced 
a t  p H  4.0 within 20 minutes and de- 
creased to 3.0 mg. per liter within 100 
minutes. At pH 9.0, 2,4-D was de- 
composed relatively faster than a t  p H  
4.0 and 7.0. S o  2.4-dichlorophenol was 
detected at any time at pH 9.0. Similar 
results were obtained from the photolysis 
of the isopropyl and butyl esters of 

Since 2,4-dichlorophenol was found 
in all pH 4.0 and 7.0 systems and none 
was found a t  p H  9.0. an investigation of 
the effect of pH on the phcitodecomposi- 
tion of this phenol \vas conducted to 
explain the accumulation in the ir- 
radiated solutions of 2,4-II compounds. 
Figure 3 shows that the photodecomposi- 
tion of 2,4-dichlorophenol progressed a t  
decreasing rates as the p H  value de- 
creased similar to that observed with the 
2.4-D compounds. 

The times required for 50% de- 
composition of the varioums 2.4-D com- 
pounds and 2.4-dichlorophenol were 
estimated graphically. These data are 
given in Table IV. Photodecomposition 
of all compounds proceeded a t  relatively 
slow rates at pH 4.0, faster at pH 7.0, 
and reached a maximum a t  pH 9.0. 
2,4-Dichlorophenol decomposed quicker 
than the 2,4-D compounds. 

Evaluation of the Solubilities of the 
Calcium and Magnesium Salts of 2,4-D. 
Knowledge of the solubilities of the 
calcium and magnesium !salts of 2,4-D 
~vould give valuable data concerning 

2,4-D. 

Table 111. 

Time, 
Min. 

0 
20 
40 
60 
80 

100 

0 
20 
40 
60 
80 

100 

0 
20 
40 
60 
80 

100 

0 
10 
20 
40 
60 
80 

Effect of Ultraviolet Irradiation on 2,4-D 
Compounds in Distilled Water 

2,4-DCP,n Concn., M g  % 
per Liter Remaining Mg per Liter PH 

2,4-D SODIUM SALT 

70.0* . .  0 . 0  7 .0  
59 .2  8 4 . 5  9 . 0  4 0  
47.6 68.0 9 . 0  4 . 0  
35.7 51 . 0  7 . 0  3 7  
27.3 39.0 4 . 2  3 3  
21 . 0  30.0 3 . 8  3 . 0  

2>4-D ISOPROPYL ESTER 

30.0 33.3 7 . 6  3 . 0  
20 .0  22 .2  6 . 2  3 . 0  
15 .0  16.7 5 . 6  3 . 0  

2>4-D BUTYL ESTER 

70.0b . .  0 .0  7 0  
53.0 75.7 4 . 0  , .  

40.0 57.1 5 . 4  . .  
32.0 45.7 6 . 2  3 . 7  
27.0 38 6 
23 0 32 8 

36.0 
24.0 94:4  

5 . 6  3 6  
3 0  3 0  

4 . 4  1 2 . 2  

7 . 0  

5 . 3  
4 . 3  
3 . 7  
3 . 5  

, .  

2,4-Dichlorophenol. * Expressed as the acid equivalent 

the fate of this herbicide in hard surface 
waters. A survey of the chemical litera- 
ture did not reveal any pertinent infor- 
mation on the solubilities of the 2,4-di- 
chlorophenoxyacetates of calcium and 
magnesium. 

The solubilities and solubility products 
for Ca(2,4-D)2 and Mg(2,4-D)2 were 
determined in distilled water and in KC1 
solutions ranging from 0.001M to 0.1M. 
The solubilities of calcium and mag- 
nesium 2,4-dichlorophenoxyacetates were 
found to be 9.05 X 10-3M (4000 
mg. per liter as the acid equivalent) 
and 2.51 X 10-*M (11,100 mg. per liter 
as the acid equivalent), respectively, in 
distilled water. The average p K  values 
a t  25' C. for Ca(2,4-D)2 and Mg(2,4-D)2 
were determined as 5.96 and 4.81> 
respectively (9 ) .  

DISCLXSIOY. Sorption of the sodium 
salt and esters of 2,4-D and 2,4-dichloro- 
phenol on kaolinite, bentonite. and illite 
was generally small. The sorbed 
amounts ranged between 0.02 to 0.14 
mg. per gram of clay a t  applied con- 
centrations of 5.0 mg. per liter. 
Kaolinite sorbed more of the 2,4-D 
anion than bentonite and illite. Yoe 
(79) suggested that the 2,4-D molecule 
is attracted to numerous positively 
charged receptive sites on the basal 
planes and broken edges of the lattice 
structure of the kaolinite. Bentonite and 

illite have numerous negatively charged 
receptive sites and relatively few positive 
sites. 

2,4-D esters and the phenol. on the 
other hand, were sorbed on the clays in 
the following decreasing order: 
bentonite. illite, and kaolinite. The 
sorbed amounts \I-ere directly pro- 
portional to the specific surface area 
of the clays: the expanding lattice 
clay. bentonite, had the highest, 
followed by the nonexpanding lattice 
clays. illite and kaolinite. The amounts 
sorbed on kaolinite, bentonite, and illite 
are so small that 7.0 to 96.0 grams of the 
clays are required to remove 1 .O mg. per 
liter of 2,4-D compounds from water. 

Frissel and Bolt ( 7 1 )  showed that 
adsorption of organic ions by clay 

Table IV. Irradiation Time Re- 
quired for 50% Decomposition of 
2,4-D Compounds and 2,4-Dichloro- 

phenol 
Irradiation Time. Min. 

PH PH PH 
Compounds 4 . 0  7 . 0  9 . 0  

2:4-D sodium salt 71 50 23 
Isopropyl ester 48 31 9 
Butyl ester 54 42 9 

2,4-Dichlorophenol 34 5 2 
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Figure 3. Effect of pH on photolysis of 2,4-dichlorophenol 

minerals is strongly dependent upon 
p H  and electrolyte concentration of the 
system. 2.4-D showed negative adsorp- 
tion with montmorillonite at low salt 
concentrations and above pH 4.0. 
Negative adsorption on illite occurred 
at  pH values higher than 7.0. Positive 
adsorption occurred at  lo\ver pH values 
and high salt concentrations. Natural 
waters, in general. have lo\v salt con- 
centrations and have pH values ranging 
benveen 6 and 8. These pH values are 
considerably higher than the H-saturated 

stems in this investigation. There- 
fore. suspended cla!-s in surface ivaters 
will not remove significant amounts of 
these compounds. 

Results from the ultraviolet irradiation 
of aqueous solutions of 2,4-D compounds 
suggest that the initial pH value in- 
fluences the degree of decomposition of 
each compound. Decomposition was 
relatively slo\v at  lo\\ pH values and in- 
creased \vith the increase of pH. Ir- 
radiation of 2,4-D compounds resulted 
in cleavage a t  the ethereal linkage, and 
2.4-dichlorophenol was produced with 
some free acids as evidenced by a de- 
crease of p H  value in the distilled water 
systems. These results are in agreement 
Lvith Bell (-I), 2.4-Dichlorophenol \vas 
decomposed also at  a relatively slow 
rate a t  low pH values. but the rate was 
much faster than the 2.4-D compounds 
at  all pH values. hccumulation of the 
phenol a t  pH 4.0 in the 2.4-D systems is 
explained by its relatively slow rate of 
photolysis under these conditions. O n  
the other hand, no phenol is detected in 
the irradiated 2,4-D solutions a t  p H  9.0 
because it is decomposed as fast as it is 
produced. 

The  solar ultraviolet spectrum ranges 
from 292 to 400 mp. The  mercury lamp 
used in this investigation emits light of 

0 Untreated lake mud; 0 t reated lake mud 

shorter Lvave lengths \vith the peak at  
253.7 mF. Since the energy per photon 
increases as \vave length decreases. the 
shorter ultraviolet irradiation might 
cause reactions \?hick \vould not occur 
in aqueous solutions exposed to sunlight 
( 7 1 ) .  I n  addition. the presence of 
suspended matter and organic matter in 
surface waters will greatl>- reduce any 
effect of solar radiations. 'I'herefore. 
ultraviolet irradiation from the sun is 
expected to be an insignificant factor in 
the decomposition of 2.4-D compounds 
in surface Lvaters. 

The  observations that 2.4-D com- 
pounds and 2.4-dichlorophenol are photo- 
decomposed. together Ivith the fact that 
these rays have bactericidal properties. 
make it reasonable to suggest the use of 
ultraviolet irradiation as a treatment 
method for the removal of these com- 
pounds from natural waters. 

'The calcium and magnesium salts of 
2.4-D have relatively high solubilities in 
water. Consequently. the removal of 
2.4-D from natural waters through 
precipitation reactions is not likely to 
occur. 

Biological Factors 

Biological breakdown of 2.4-D on 
soils has been reported by several 
investigators, \vith the concurrent isola- 
tion of various species of bacteria (3. 70'. 
77). In  this study. biological degrada- 
tion of 2.4-D compounds in lake Lvaters 
and in bottom muds was investigated. 

Manometric Studies. PROCEDURE. 
Solutions of 50 mg. per liter of the butyl 
ester and 100 mg. per liter of the 
isopropyl ester: and suspensions of 100 
mg. per liter of formulations of these 
esters were prepared in mineralized bio- 
chemical oxygen demand (B.O.D.) dilu- 

tion water (75). Each system was 
seeded with 5cc settled domestic sewage 
by volume. Oxygen uptake for each 
ester \vas measured by a manometric 
technique (75). 'I'he concentration of 
each ester was determined by an  ultra- 
violet technique ( 2 )  after each mano- 
metric run. 

RESULTS. Oxygen that \vas utilized in 
the flasks containing the 2.4-D esters 
exceeded that of the control ('l'able \.), 
Each ester concentration. ho\vever. was 
not changed after 9 days. suggesting 
biological hydrolysis into the free 2.4-D 
acid and the corresponding alcohol. 
.4pparently: oxygen uptake \vas due to 
biological degradation of the alcohol 
moieties. 

The  theoretical amounts of oxygen 
required for complete oxidation of 
alcohols that might be produced from the 
hydrolysis of 50 mg. per liter of the butyl 

Figure 5. Disappearance of 2,4- 
dichlorophenol in on aerated and buff- 

ered lake water 
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Table V. Oxygen Uptake for 2,4-D Esters and 
Formulations 
Oxygen Uptake,'' M g .  per liter 

-. ~ 

Time, Isopropyl Butyl Isopropyl esfer Butyl ester 
Days esfer ester formulafion formulafion 

1 -5 7 3 11 . . 
2 3 36 56 73 
4 3 39 132 206 
5 3 40 145 224 
7 8 43 163 252 
8 43 43 169 261 
9 65 . .  173 270 

9 daysh 100 50 100 100 
Concn. after 

Corrected for control. b Expressed as acid equi\ alent, milli- 
grams per liter. 

ester and 100 mg. per liter of the iso- 
propyl ester wrre calculated to be 44.0 
mg. per liter for butyl alcohol and 66.0 
mg. per liter for isopropyl alcohol. 
'l'able 1- shows that 9'.77; of the butyl 
alcohol \vas oxidized ivithin 7 days. In  
the case of the isoprop)-l esler, there \vas 
a lag period of 7 days. after hich oxygen 
uptake increased until 98.57; of the 
theoretical amount of isopropyl alcohol 
was oxidized \vithin 9 days. 

Oxygen uptake in the case of the t\vo 
formulations \vas much higher than 
theoretical amounts required for oxida- 
tion of the hydrolyzed alcohols. Ester 
concmtrations as the acid equivalent 
were not changed at  the end of the run. 
This indicates that the emulsifier or 
carrier in both formulations \vas de- 
composing biologicall!.. 

Oxygen uptake \\-as meawred on solu- 
tions of 20. 80. and 130 mg. per liter of 
the sodium sal1 of 2.4-D prepared in 50Yc 
and 100% settled domestic se\vage by 
volurne. At all 2.4-D concentrations. 
the oxygen uptake \\-as not 'different from 
the control over a period of 9 days. 
Thus 2.4-D was not biologically de- 
gradrd under these conditionb. 

Lake Mud Studies. PROC:EDVRI;. 
Bottom muds \yere obtained from an un- 
treated lake and from a lake that \vas 
treated Ivith 2.4-D the previous summer. 
These muds were \vet-sieved to remove 
coarse particles and decaying vegetation. 
Aliquots of mud suspensions in distilled 
water containing about 8 grams (dr>- 
weight) \cere added to 25Ci mi. of 2.4-D 
solutions of 20.0 mg. per liter in un- 
seeded B.O.D. dilution Lvater and \vere 
placed in .i00-mI. Erlenmeyer flasks. 
A parallel series of flasks \vith 2.4-D and 
lake mud \vas treated to a final concen- 
tration of 0.C1l7~. by weight. \vith sodium 
azide to inhibit microbial transforma- 
tions. All flasks \cere placed on a 
laboratory shaker at  20" i 0.5' C .  
Samples were taken from each flask a t  
different intervals and centrifuged a t  
12:000 r .p.m. for 10 minutes for separa- 
tion of mud particles. 2:4-D concentra- 
tion was determined in th'e supernatant 
by a n  ultraviolet method ( 2 ) .  

RESULTS. Figure 4 shows the de- 
crease in concentration of 2.4-D with 
time for the tivo mud samples. 2.4-D 
disappeared completely from the un- 
treated lake mud ivithin 6.5 days. and 
from the treated lake mud within 35 
days. Subsequent additions of 2.4-D 
disappeared in shorter periods of time 
in both systems. 'l'hat 2,4-D did not 
disappear from the samples treated isith 
sodium azide indicated that disappear- 
ance \vas not due to sorption on the mud 
particles. 

By repeated additions of increasing 
concentrations of 2.4-D to the mud 
samples. an adapted population of 
microorganisms \vas obtained. Oxygen 
utilization \vas measured for 2.4-D in 
concentrations of 5.5. 160. and 200 mg. 
per liter in the presence of the adapted 
mud flora using the manometric tech- 
nique ( 7 . 1 ) .  'l'able \-I sho\z.s that 81 
to 85yc of all concentrations of 2.4-D \vere 
biologically decomposed xvithin 24 hours. 

Lake Water Studies--2,4-D. Lake 
\yarer solutions of the sodium salt of 2.4- 
D. 3 mg. per liter. \vere prepared at  
p H  values of 5.0. 7.0. and 8.0. Ten-liter 
portions of each solution \Yere placed in 
five-gallon ca rboy  and kept a t  20' = 
0.5' C. 'Phese systems \rere kept aerobic 
through bubble aeration and were 
examined periodically over 120 days for 
2.4-D and 2.4-dichlorophenol. S o  
change in the initial concentration of 3 
mg. per liter of 2.4-D nor production of 
phenol was observed over entire period. 

Lake Water Studies-2,4-Dichloro- 
phenol. PROCEDURE.  Solutions of 2.4- 
dichlorophenol in concentrations of 100: 

Table VI. Oxygen Uptake for 
2,4-D with Adapted Bottom Mud 

Flora in 24 Hours 
Concen- Oxygen Theoretical 
frafion, Upfake, Oxygen,  Oxida- 
M g .  per M g .  per M g .  per fion, 

lifer lifer lifer 5% 
55 51 64 x i  n 

500. and 1000 pg. per liter were prepared 
in natural lake waters. These systems 
were adjusted to a p H  of 7.0 with a 
phosphate buffer. Fifteen liters of each 
solution \vex placed in five-gallon car- 
boys. and a continuous supply of oxygen 
was maintained by bubble aeration. 
.411 solutions w-ere kept at  room tem- 
perature, 25' + 2' C. Samples were 
withdrawn periodically for determina- 
tion of 2.4-dichlorophenol (8) and the 

Table \-I1 shows that 2.4- 
dichlorophenol disappeared completely 
within 9 days from the 100 pg. per liter 
system. and 97.57, disappeared from the 
500 and 1000 pg. per liter systems within 
30 days. Phenol concentration \vas un- 
changed in a distilled hvater control 
solution over 30 days. By plotting 
residual phenol concentration in the 
500 and 1000 pg. per liter solutions versus 
time on semilog paper. parallel straight 
lines were obtained, as shown in Figure 
5. In each case. SOYc of the phenol \vas 
decomposed at  6 days. 

To  simulate the effect of excessive 
amounts of deca)-ing organic matter on 
the biological decomposition, ethanolic 
solutions of 2.4-dichlorophenol Jvere 
added to an unbuffered lake water to 
final concentrations of 100. 500. and 
1000 pg. per liter. .l'hese Xvaters were 
kept unaerated and periodic samples 
ivere \vithdrau.n for determination of 
pli  and residual phenol concentration 

Table \.I1 shoivs that 2.4-dichloro- 
phenol persisted over 43 days in the 
three systems. The p H  of the 500 and 
1000 pg. per liter solutions dropped 
Jvithin 3 days to 5.1 and 4.1. respectively. 
Anaerobic conditions prevailed in these 
systems as evidenced by the presence of 
hydrogen sulfide. 

DISCUSSION. 2.4-D \\-as biologically 
broken down after incubation with 
bottom muds obtained from lakes. Re- 
peated additions of 2,4-D to the bottom 
muds resulted in the buildup of microbial 
flora capable of decomposing relatively 
high concentrations of this compound. 
The disappearance of 2.4-D under these 
conditions was attributed to biological 
activity as indicated by loss of the 
aromatic moiety of the molecule. as 
evidenced by the decrease in absorbance 
in the ultraviolet region; uptake of 
oxygen, as measured by the manometric 
technique; and persistence of the com- 
pound in the presence of the bacterial 
inhibitor. sodium azide. 

Esters of 2.4-D showed higher oxygen 
uptake than the control \\.hen incubated 
with domestic sewage microorganisms. 
' rhe concentration of 2.4-D. however: 
was not changed at  the end of the incuba- 
tion period. This suggested that the 
esters \\-ere hydrolyzed to the free acid 
and the corresponding alcohol and that 
the latter \vas decomposed biologically. 
The hydrolyzed acid \vas not decom- 

pH. 
RESULTS. 

(8). 

V O  L. 1 2 .  N 0. 6 ,  N 0 V . - D E C .  1 9 6 4  545 
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Table VII. Persistence of 2,4-Dichlorophenol in lake Waters 

- 
100 pg. per Liter 500 pg. per Liter 1000 pg. per Liter 

Time, Oxid., Oxid., Oxid., 
Doyr pH Concn. 70 pH Concn. % pH Concn. 70 

AERATED AND BUFFERED 

Pesticides-Malathion, Dimethoate, 0, 0- 
Diethyl 0-2-Pyrazinyl Phosphorothioate, 

0 7 . 4  100 0 . 0  7 . 4  500 0 . 0  7 . 4  1000 0 . 0  
2 7 . 3  64 36.0 7 . 6  390 22.0 7 . 6  ’60 24.0 
9 7 . 3  0 100.0 7 . 5  170 66.0 7 . 4  460 54.0 

Central Research Division, 
American Cyanamid Co., 
Stamford, Conn. 

16 6 . 9  0 100.0 7 .1  92 8 1 . 6  7 . 2  165 83.5 
. . .  7 . 5  32 93.6 7 . 5  78 92.2 23 . . . .  

30 . . . .  . . .  7 . 3  13 97.5 7 . 3  25 97.5 
UNAERATED ASD UNBUFFERED 

0 7 . 3  100 0 . 0  7 . 3  500 0 . 0  7 . 3  1000 0 . 0  
3 6 .2  80 20 .0  5 .1  390 22.0 4 .1  780 22.0 
7 6 .1  70 30.0 6 . 1  380 24.0 6 . 0  770 23.0 

14 . . . .  . . .  . .  . .  6 .1  620 38.0 
17 7 . 9  40 60.0 6 .5  253 49:4 6 . 3  560 44.0 
24 . . 40 60.0 . . 192 61.6 . .  540 46.0 
43 . . 20 80.0 , . 192 61.6 . .  506 49.4 

posed under these conditions. This 
finding is in agreement with the ob- 
servations of other investigators that 
2?4-D esters were hydrolyzed by micro- 
bial action in soils (5) or during absorp- 
tion by plant leaves (6 ) .  

The lake bottom mud and mano- 
metric studies indicate that 2,4-D is 
biologically decomposed in a relatively 
short period of time with adapted micro- 
organisms. However, 2,4-D is applied 
usually once every 1 or 2 years to a sur- 
face water for aquatic plant control. 
Consequently, the development of 
adapted microorganisms may take a 
relatively long time under such un- 
favorable anaerobic conditions that may 
develop when dead aquatic plants de- 
compose. Since some 2,4-D-treated 
surface waters serve as continuous pot- 
able water supplies, this herbicide may 
persist for sufficient periods of time 

to warrant its removal at the treatment 
plant. 

2,4-Dichlorophenol, on the other hand, 
was biologically broken down in the lake 
water indicating the presence of micro- 
organisms capable of decomposing this 
compound in natural waters. Concen- 
trations of the phenol up to 1000 p g .  per 
liter did not affect the rate of oxidation 
since the two lines in Figure 5 were 
parallel and reached 50% removal level 
at the same time. Under unfavorable 
environmental conditions that may re- 
sult from the decomposition of excessive 
amounts of organic matter in lake waters, 
the pH value will drop, anaerobic con- 
ditions prevail, and the phenol will per- 
sist for longer periods of time. 
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I PESTICIDE PURITY MEASUREMENT 

Cryoscopic Analysis of Organic Phosphate I R. J. and R, HERSCH 

and Phorate 

T was necessary to establish the purity I of specially purified samples of 
malathion, dimethoate, 0,O-diethyl 0-2 -  
pyrazinyl phosphorothioate, and 
phorate. Organic phosphate com- 
pounds may be analyzed by vapor 
phase chromatography, ultraviolet 
spectroscopy, infrared spectroscopy, 
polarography, and various chemical 
methods such as bromination, hydrolysis, 

1 Present address: Building Products 
Division, American Cyanamid Co., San- 
ford, Me. 

silver titration, etc. However, any of 
these methods requires a primary 
standard or comparison compound and 
in addition is frequently subject to inter- 
ference from other compounds present. 
In the case of large molecules, these 
difficulties are more pronounced. There- 
fore the cryoscopic method, which is not 
subject to interference from other com- 
pounds and does not require a standard, 
was selected. The cryoscopic method 
consists of measuring the equilibrium 
temperature of a solid-liquid system as 

the compound being analyzed is slowly 
frozen or melted (7,2,4-S).  The method 
is particularly useful in the analysis of 
a compound approaching 10070 purity 
because it directly measures the amount 
of impurity present without requiring 
kno~vledge of the nature of any impurity. 

Experimental 

Instrumentation and Apparatus. A 
Thiving-Albert constant temperature 
differential cryoscope with a controller 
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