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An interesting study was conducted by Knyr and Sokolov105 on the preservation of 
soil samples. Storage of 2,4-D on soil samples in a solution containing 10% NaCl and 
2% NaOH (both w/ w) for 15 to 30 days produced recoveries of 86 to 950/o compared 
with 7 to 670/o for water alone. Air-dried samples were shown to retain only 52 to 920/o 
after 30 days. Soil samples dried at 100 to 105°C lost 9007o of their residues after 30 
days. Samples stored in 3"7o toluene at pH 3 allowed 96.5% recovery. 2,4-Dichloro­
phenol degradation product was 99o/o retajned by storage in propiolactone/ pH l solu­
tion; 900Jo was recovered in 3% toluene at pH 11. 

Vapor loss of 2,4-D from 2,4-D esters in soil has been also discussed by Freed and 
Witt.206 The "vaporization index" of MCPA, 2,4-D and 2,4,5-T free acids have been 
determined' 9 ' to be 1, i.e. , <O.l kg/ ha/year is lost. Helling'36 also noted that methy­
lation increased 2.4-D volatility in his soiJ TLC technique. The form which is trans­
ported to the surface determines the importance of volatility. If carried by water, the 
species is probably the anion. Thus, dust removal might be the chief atmospheric trans­
port process for this species. If esters, free acid, or amides are the species, vaporization 
will be most important. Clearly, tbere are lacunae io our knowledge here. 

D. Persistence 
As remarked at the beginning of the section, the major mode of degradation of the 

phenoxys is biological, but detailed consideration of this topic will be deferred to Vol­
ume IL We shall now proceed to consider the overall persistence of the phenoxys in 
the sQil system, keepipg the importllnce of the bioJogical contribution in mind. 

Moisture conditions and the amount of organic matter radically affect persistence. 
On the one hand, increased moisture content enhances microbial activily which is 
mostly concentrated in the organic component of soils and wbich in tum stimulates 
degradation of the phenoxys. However, enhanced leaching and volatilization also oc­
cur. Plant root absorption is also stimulated. Increased organic matter also increases 
the adsorption of the phenoxys, enhancing contact with the microorganisms and stim­
ulating degradation and adaptation. Clearly, a delicate balance prevails dependent on 
soil type, conditions, and the type of herbicide molecule lnvolved,201 There is wide 
disagreement on just how persistent the phenoxys are in soils. Audus very early 
found 111 that in general 2,4-D persisted for 2 to 4 weeks, MCPA persisted for 8 to 12 
weeks, 2,4,5-T persisted for 40 to 80 weeks, and that a chlorine in the para ring position 
enhanced degradation. Thus, 4-CPA degraded in 12 days instead of 34 days, as ob­
served for phenoxyacetic acid; 2-CPA and 3-CPA persisted 365 and 60 days, respec­
tively; for the di- and tri-chloro substituted acids, the activating efect of the 4-substi­
lUent largely overcame the deactivating effect of other substicuents. These figures were 
subject to the usual, notorious biological variability. For example, although the usual 
time for 2,4-D persistence was 2 to 4 weeks, detoxification varied from 14 to 94 days, 
depending on the soil. 2,4-D can also be degraded within a week if soils are suitably 
moist. 129 However, the MCPA sodium salt was still detectable in ground water and 
soil 11 months after its application to a Czech field, and in some spots, it persisted 
for 29 months. 2"

8 The propylene glycol butyl ether ester and the triethylamine salt of 
2,4,5-T on application20

• to the surface of a California Etowah silt-loam leached down­
wards, so that for 14 days residues were observed only at 0- to 1-cm soil depth. After 
14 days, the herbicides had descended to the I- to 15-cm zone, with none in the 0- to 
I-cm band. The residues thereafter were degraded or leached over 7 monlhs. On the 
other hand, 2,4-D butyl ester sprayed"0 in August in the Ukraine at 3 kg/ha on trees 
and shrubs caused no detectable residues in fbe 10- to 20-cm deep layer of soil. Also, 
2,4-D isoocryl ester sprayed on 50-yd soH strips could not be detected211 after 2 weeks; 
50% disappeared after 0.64 days. 2,4-D free acid was thought to be the first degrada-

I 
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tion product. 2,4,5-T esters (i-octyl) applied to Texas grasslands at 0.5 to 116 per acre 
produced"' initial upper soil residues of 943 to 5390 ppb which decreased to O to 6 
ppb at 12 weeks. Degradation appears to be fast2

'
3 on warm, irrigated soils under 

subtropical conditions . The half-lives of 2,4-D, 2,4,5-T, and MCPA on Prairie Oxbow 
chernozemic soils in laboratory experiments were21

• 20.5, 59.0, and 22.0 days (50 /A&! 
20 g soil under field moisture capacity). These half-lives decreased with increasing soil 
moisture content. In other soils, t, 0 of 2,4-D ranged from 10.8 to 31.4 days, and in 
the same given soil for MCPA and 2,4,5-T, the values were twice those obtained on 
Oxbow soils . The initial cleavage of 2,4-D appeared to be at the ether link. and no 
decarboxylation was noted. However, similar experiments using South Vietnamese 
soils incubated in the laboratory showed200 that 74.5 to 95.4% of applied "C-carboxyl-
2,4,5-T (15 ppm) produced ••co, with 13.3 to 33.9% remaining in the soil over 168 
days. Only 2 to J4o/o of the soil residues could be recovered on hydrolysis. In applica­
tions for oak-brush control, it was fou nd116 that the soil t.,, of 2;4-D, dichlorprop, 
Silvex, and 2,4,5-T were 4, IO, 17, and 20 days, respectively, using three soil types. 
Degradation apparently was not affected by soil type or vegetative cover. Persistence 
values of 50 to 60 days were obtained217 in a Polish experiment for 2,4-D and dichlor­
prop. No phytotoxic residues were noted after harvest except fOr mecoprop (0.1 to 0,2 
ppm). 2,4,5-T (2. 24 kg/ha) was mostly found2

'
8 in the 0- to 7 .5-cm layer of soil, with 

very little downslope movement on application to some U.S. soils; 90% disappeared 
in 15 days. Wilsoo•qo noted that 1% of the applied i-octyl ester and dimethyl amine 
salt of '2,4-D persisted in a Washington soil and 0.25% in runoff. At application rates 
of 0.8 to I. I kg/ ha for the amine and 8.0 to 11.2 kg/ ha for the ester, both were 
degraded at similar speeds or the first 45 days. After 6 months, soils contained "-'0.03 
ppm 2,4-D. The phytotoxicity of applied 2,4-D was lost1 ' 9 after 5 weeks in another 
study. In another, 2,4-D was shown no to leach as deeply as 90 cm and to degrade 
quickly under aerobic, but not anaerobic conditions. Type of salt formulation can also 
influence persistence . An application of 2,4-0 sodium salt + B,O3 was foundm to be 
more persistent than 2,4-D dimethylamine salt + B,O,. It is apparent that persistence 
in soils cannot be predicted with any great certainty. The major reason for this is 
almost certainly the fact that since breakdown is mai.nly microbiological in soils, the 
degradation is a fu nction of the microbiota which in turn is a function of the organic 
matter content. The situation is further complicated by the finding that this breakdown 
is accelerated by repeated applications of the phenoxys. t1u29 

The microbial population adapts to the more accessible provided carbon source. 
Under such conditions, it is almost impossible to provide a _predictable persistence time 
without detailed knowledge of the type and history of the soil and microbiota involved. 
Thus, Kearney et al. in their 1969 review adjudged 2,4,5-T, 2,4-D, and MCPA to be 
persistent in general only for 5, I, and 3 months, respectively. However, Edwards in 
his 1975 reviewm asserted that 1.25 years was the ''safe" time to expect 950Jo disap­
pearance of most phenoxys, remembering that 2,4,5-T derivatives are five to ten times 
more persistent under the same conditions than are the corresponding 2,4-D com­
pounds. Clearly, more interdisciplinary-type studies are required in this area. 

Many reviews are available on the general topic of persistence of pesticides in 
soils. , 4, , u~. ' ~9- 01

~ -
11• • " 8•2 n - 131 The reader is directed especially to the biography list of 

Reference 22.5 for the phenoxy residue information. Decontamination of soils is treated 
in Reference 230. 

IV. RESIDUES IN AQUEOUS SYSTEMS 

A. Introduction 
T he loss of the phenoxys to runoff water is influenced by all the factors discussed 
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in the previous two sections, as well as cultural practice,i•i.233 the nature and rate of 
application, the slope of the field, m. rainfall intensity. storm duration, type of formu­
lation (e.g., 2,4-D ester formulations appear to wash off more facilely than the amine 
salts though most remain in the surface 3 in. of soil), ' 11 microbiological activity in 
soils,2'"·2 31

•
232 presence of surfactants,••• organic matter (activated charcoal is often 

used to protect moderately aud overly sensitive plants from injury, >H-m as well as to 
prevent leaching), and the geological structure of the terrain (water table disposition, 
type of rock, etc.). Bailey et al.2 28 have presented a model to predict pesticide runoff. 
Other large pesticide inputs may arise from applications for aqua6c weed control (see 
Volume II), industrial wastes, accidental spills, airdrift, dead animals, animal excreta, 
food chain, etc. Runoff is considered the major source, 137

·236 although industrial dis­
charges, deliberate or accidental or directly or via sewer systems. are also important. 239 

Persistence in aquatic systemsm·••o.w depends on the water type, organic particulate 
matter, rain, sunlight (see Chapter 3), temperature, microbial degradation, volatiliza­
tion, and oxygen content of the water. Accumulation in bottom sediments may also 
be a factor, 242

·~•• but in general, not for the phenoxys. Microbial activity is the major 
means for detoxification of the phenoxys in soils, bur is relatively unimportant in nat­
ural waters, but dominates in bottom mud sediments and in sludge. 2

••·'"~ 

The ionic strengths of 50070 of the surface waters of the U.S. are less than 0.01 M. 
and 97% are less than 0.05 M.,.. The maximum ion strength of the water supply of 
I 00 large cities in the U.S. was calculated24 7 to be less than 0 .01 M (compare to "'-0. 7 
Mfor sea water). Estuarine water will have a strength between 0.0J to 0. 7 M. To rnake 
liquid/ liquid extractions from such diverse sources comparable, the ionic strength5 of 
these waters must be adjusted before analysis, and this is done either by adding satu­
rating salt or excess acid. The presence of particulate matter will also influence quan­
titation (see Chapter 1). Particulate matter has been defined as "dissolved", "semicol­
loidal", and "colloidal" if the diameters are <0.001, 0.001 to I, and I to 100 µm, 
respectively. Material passing through a 0.45-µm diameter millipore filter has been 
classified248 as "soluble". Clearly, adsorption or desorption of pesticides on or from 
semicolloidal matter may still occur, e.g., 2,4,5-T is sorbed on humic acid colloid.m 
Natural surface waters range from clear spring, to black swamp containing much dis­
solved organics, and to reddish-colored river water with high amounts of iron. The 
pH can vary from 3.0 to 9.6. 25 • - 2 ~3 The colloidal and suspended particles originate 
from municipal, industrial, and agricultural wastes, but soil erosion, especially from 
land without vegetation or tree cover,254 is the dominant source. Hence, this should 
be reflected in the chemical composition of the particles in the smaU rivers of areas of 
characteristic geology. Thus, kaolinite and vermiculite dominate in the acid soils of 
the southeast U.S. ; illite and other clay-sized micas prevail in the Northeast and Mid­
west; montmorillonite is common in the neutral and alkaline soils of the Midwest and 
Western states."5 [n the lower reaches of the large river systems, all particulate types 
are expected. ln general, the muddier the river and the finer the silt load, the more 
likely is adsorption of pesticides going to occur, with an apparent decrease of residues 
in solution. 

Petroleum spills have been reported in rivers, 249 but partitioning into surface oils is 
more important for chlorinated hydrocarbons than for the phenoxys unless they are 
just freshly sprayed. 

B. Fate of the Pbenoxys in Aqueous Solution: Nonbiological Processes 
In Chapter 3, we saw how 2,4-D esters hydrolyzed quickly at pHs < > 4 to form 

anions (pH >4) and free acid (pH <4). We also noted how the photochemistry of the 
anion and the esters in aqueous solution is very different from that in organic solvents. 
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Zepp et al.156 showed that the disappearance of 2,4·D butoxyethanol ester from the 
Withlacoochee River in southern Georgia at pH 8. 1 matched that observed in distilled 
water of the same pH. T he rates of hydrolysis were much slower at pH values 4 co 8. 
Thus, anion formation is the first event in basic waters. In acidic waters, the structure 
of the ester determines the preferred dissipation mode. Photodegradation is the most 
important process for the butoxyethanol ester. Vaporization is most important for the 
butyl, octyl, and methyl esters. Photodegradation is also important for the methyl 
ester. There was a concentration dependence of the photolysis products. At concentra­
tion < l ppm, 2,4-dichlorophenol and hydroxylation-dechlorination species were pro­
duced; at >300 ppm, the esters formed emulsions and reductive dechlorination oc­
curred (see Chapter 3). Since 2,4-D anion also undergoes hydroxylative-dechlor­
ination,257 this is expected to be the major photochem ical fate of the phenoxys in 
aquatic environments at the concentrations usually encountered. The UV-B region of 
sunlight determines the rate of photolysis in surface waters. There are dramatic differ­
ences in intensity between summer (maximum) and winter (minimum) in the mjddle 
latitudes. 256 ·259 Intensities also depend on time of day, reaching their maximum values 
when th1: sun is at its zenith. 1611 The calculated photolysis rate for the 2,4-0 butoxy­
ethanol este.r is greatest between 9 a.m. to 2:30 p.m. on a typical clear day in the 
southern U.S. (see Figure IA). The photolysis half-life of 2,4-D butoxyethyl ester is 
a lso dependent on season and distance away from the equator (see Figure lB). These 
curves are based upon average intensities derived from the sun and the whole sky on 
cloudless days at sea level. Clouds decrease the intensity of UV-B radiation up to 50% 
for overcast conditions. 2~• However, UV-8 intensity increases 15 to 20%/km increase 
in elevation.259 The above estimations are valid only near the water surface in the ab­
sence of microorganisms. If 2,4-D butoxyl ethyl ester is mixed completely in pure 
water. the expected degradation with change in depth at various latitudes is shown in 
figure lC. However, the other absorbing species in natural waters will decrease the 
light intensity. On the other hand, photosensitization may also occur, and much work 
needs to be done to gauge if the latter process is important. Zepp et al.266 found that 
sterilized river water of pH 4. 7 degraded 1 ppm of butoxy ethyl 2,4-D ester faster than 
a similar irradiation in pure distilled water at the same pH and suggested photosensi­
tization as the cause. 

A comparison of hydrolysis, direct photolysis, and vaporization dissipation at 25°C 
for various esters of 2,4-D is shown in Table 4, It is interesting that Struif et al. 252 also 
found that 2,4-D and 2,4,5-T esters hydrolyzed faster in basic solution than in acid , 
and at pH 7, the half-life was 5 to 30 days at 20°C for most esters; at 0°C, it was 
about 30 to 180 days. In addition, the adsorption of 2,4-D and 2,4.5-T onto flocculated 
humic acid was low at pH 7, but the esters adsorbed more strongly, especially as the 
length of side chain increased. Furthermore, the adsorption enhanced the rate of hy­
drolysis of the esters. In contrast, Shcherbakov and Poluboyarinova'~-' found that the 
free 2,4-D was produced from the butyl ester after 9 to 10 days in natural waters. 
Butler et. al. m also obtained similar findings to Zepp et a1 .i•• Truchelut and Williams265 

demonstrated that Silvex and 2,4-D persisted equally long in basic waters. Silvex was 
more persistent and hence more effective than 2,4-D in neutral waters. Hattula and 
Raisanen211 observed that degradation of MCPA at 0°C in oxygen-free water was 
faster at pH 5 than at pH 6 or 7. 

C. Biodegradation of the Phenoxys 
We will not consider here the responses of cultures of defined species of microorga­

nisms (see Volume II); we shall focus here on the responses of undefined mixed cul­
tures. 
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FIGURE I , Dependence of 2,4--D butoirycthyl es1er.m (A) 
Photolysis rate upon time of day in the sourhern U .S.; (B} pho­
tolysis half-life upon season and northern lathudc; and (C) 
photolysis half-life at several nonhern laritudes in completely 
mixed pure water (depth dependence). (Reprinted wirh permis­
sion from Zepp, R . G. , Wolfe, N. L. , Gordon, J . A ., and 
Baughman. G. L., Environmenc. Sci. Tech no/., 9 , 1144, 1975. 
Copyright by the American Chemical Society. ) 
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Okey and Bogan in 1962,266 using an activated sludge system, found that 2,4-D was 
qujckly degraded . Cultures adapted tO degrade 2,4-0 could not degrade 2.4,5-T. Aly 
and Faust,••• using bottom mud sediments collected from two similar lakes, one which 
had been treated with 2,4-0, reported that added 2,4-D disappeared in 35 days from 

T 
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Table4 
COMPARISON OF HYDROLYSIS, PHOTOLYSIS, 

AND VAPORIZATION HALF-LIVES FOR 
SEVERAL 2,4-D ESTERS AT 25°C•256 

Hydrolysis 
(days) Direct 

photolysis•·•·" Vaporization• 
Ester pH9 pH6 (days) (days) 

Methyl 0.04 44 29 21.7 
I-Butyl 0.2 220 J. J 
1-Octyl 0.2 220 11.5 
2-Butoxyethyl O.o2 26 16 895 

For water body 1-m deep. 
• For September in southern U.S. (latitude 34° N); average value 

for 1- rn deep pure water. 
• Expressed in terms of 12-hr days. 
' Calculated for a completely mixed water body. 

Reprinted with permission from Zepp, R. G. , Wolfe, N. L,, Gordon, 
J. A., and Baughman, G. L. , Environ. Sci. Technol., 9, 1144, 1975. 
Copyright by the American Chemical Society. 

the mud of the lake which had been pretreated, but it persisted for 65 days in mud 
from the untreated lake. Biodegradation was much slower than in soils. Butyl esters 
were degraded to 2,4-D and n-butanol within 9 days. ln lake waler, 2,4-D persisted 
up to 120 days. Fully adapted microorganisms could metabolize 2,4-D in 24 hr. 
Schwartz16

' in 1967 found only a small fraction of 2,4-D was degraded by a mixed 
microbial population in dilute mineral saJts. DeMarco et al. 1 • 9 in 1967 observed that 
2,4-D could be biodegraded within 6 days in warm aerobic waters but persisted as long 
as 80 days in cold deoxygenated waters. Hemmett~69 and Hemmett and FaustH• studied 
the aerobic, microbial degradation of the phenoxys using domestic activated sewage 
sludge as the source of microorganisms. The zero-order rate constants of 2,4-D deg­
radation were dependent on the number and age of the microorganisms, 2,4-D concen­
tration, and length of adaptation time. It was also discovered that 6811Jo of the 2,4-D 
was used in the respiration process, whereas 32% was incorporated into the cells as a 
reserve energy source. Hemmett,1

• 9 us.ing free acids and dimetbyl amine salts, fo!lnd 
that free 2,4-D was degraded in 11 weeks. and its dimethyl amine salt was degraded in 
8 weeks; 2,4-dichlorophenol, 4-CP A, and the isopropyl and the butyl esters of 2.4-D 
were also degraded. However, 3,4-D, 2,4,5-T, 2-(2,4,5-TP), 2-CPA, MCPA, and the 
isooctyl ester of 2,4-D, as well as 3,4-dichlorophenol, 2-methyl-4-chloropbenol, and 
J-methyl-4--chlorophenol, were not attacked. At low concentrations of 2.4-D, the first­
order kinetics were obeyed, but :zero-order kinetics were observed at microorganisms/ 
substrate (w/ w) > 10. The rate of degradalion of 2.4~0 was increased by an order of 
magnitude when the temperature was increased from IO to 25°C. The butoxy ethanol 
ester of 2,4-D was removed264 graduaUy after 2 weeks when the ester was incubated 
with planktonic algae. Photolysis and hydrolysis also occurred. Robson210 reported 
that microbes adapted to MCPA also degraded 2,4-D in apparent contradiclion to the 
results of Hemmett.269 Watson211 in 1977 found that increased suspended matter in 
winter in natural waters accelerated the in vitro decomposition of added 2,4-D sodium 
salt. Decornposilion also began earlier .in mud samples than in water. Investigations 
by the U S. Environmental Protection Agency (EPA) have shown that 2,4-D in water 
can be degraded microbiologically within I week under favorable conditions.273 
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D. Runoff of the Phenoxys in Water 
The first reportsm of extensive 2,4-D pollution in water came in 1945, when a com­

pany disposed of 2,4-D and 2,4-d.ichlorophenol into the local sewage system. Within 
17 days, phenolic tastes and odors were reported downstream in shallow wells, and 
1hey persisted for 3 years. In Colorado at the Rocky Mountain Arsenal, 2,4-D wastes 
were discharged275 into lagoons from 1943 to 1957. Ground-water contamination was 
first reported in 1951 when crops were damaged by irrigation well water. It took 7 to 
8 years for the contaminant to migrate 3.5 mi and eventually to affect an area of 6.5 
mi.2 

The statement of Westlake and Gunther276 in 1966 still bolds true: "While we know 
a grea1 deal about the fates of many registered pesticide chemicals, we know very little 
about the natures and fates of the many products in the immense tonnages of wastes 
in the dumps of pesticide manufacturers. These compounds will slowly leach from 
already existing "dumps" into our waters and soils for hundreds of years." 

In 1961, Winston and Rittym predicted that the phenoxys were not likely to be a 
major pollution hazard in watershed.~. since bacterial action was supposed to degrade 
them within a few days. Some of the phenoxys have been shown to persist for over a 
year, however.m Low levels in drainage water have been detected immediately after 
spraying. 219-m For example, very small quantities of 2,4-D were found 183 in irrigation 
water 20 to 25 mi downstream from the point of application to soil at 1.9 to 3.0 lb/ 
acre_ The maximum concentration of 2,4-D found in the water was 2S to 61 ppm, and 
this was reduced to traces within 30 to 60 min. Most of the pesticide front had been 
swept downstream and the ensuing slow leaching process from soil ensured great dilu­
tion by the water. Adjacent streams running near a forest sprayed by helicopter with 
the dimethylamine salt of 2,4-D showed levels up to 7 ppb during the spraying. 284 The 
propylene glycol butyl ether ester of Silvex (8 lb/ acre) applied directly to floating alli­
gator weed (Alcernamhera philoxetoides) produced maxwum residHes of 1.6 ppm. 
Similarly, applied dimethyl amine salts of 2,4-D and Silvex (4 lb/ acre) on alligator 
weed and water hyacinth (Eichornia crassipes) caused maximum residue levels between 
0.65 to l.O ppm. The maximum concentrations did not appear immediately, but oc• 
curred one to 2 weeks after treatment, probably because of tbe absorption of the her­
bicides and their subsequent release by plants.284 2,4-D and Silvex285 are often applied 
as liquid emulsions or granules to control submerged aquatic weeds (1.5- to 3.6-ppm 
initial concentrations in 4 ft of water). A 1.33-ppm application of 2,4-D granules pro• 
duced286 a maximum level of 0.067 ppm in water 18 days after treatment. Even as early 
as 1965, approximately 100,000 lb 2,4-D granules were applied237 to lakes in the Ten­
nessee River system. Low lev.els have also been found in water following use of gran­
ules.188 Residues have also been found after spraying for ditchbank vegetation control 
and usually ranged from a few to l 00 ppb.169·no In more modern studies, the levels of 
2,4-D in the Nakwasina River watershed in southeast Alaska after spraying of 400 
acres of cutover forest with the butyl ester of 2,4-D (2 lb/acre) were19 ' far below the 
lethal doses to fishes and aquatic invertebrates. Low 2,4-D and 2,4,5-T levels in irri­
gation waters were notedm in 1973 by a publication of the U.S. National Information 
Service. However, Synek et al. 208 in a Czech study could detect MCP A sodium salt 11 
months after application in soil and ground water, and in some places it could be 
detected for up to as long as 29 months. Phenols and enhanced chloride ion were also 
noted. Dodecyl/tetradecyl amine salts of 2,4-D (4.48 .kg/ ha) were sprayed to control 
water hyacinth over 7000 acres along the HiJlsboro perimeter canal in the Loxahatchee 
National Wildlife Refuge, Florida in 1971 .318 The highest 2,4-D levels in water and 
hydrosol were 37 ppb and 5 µg/kg at day I and days 3 to 15 after treatment, respec­
tively. Of 60 fish samples, 3 had residues >10 µg/kg, and 16 had residues of 10 µ / kg. 
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Breast muscle and Liver of Florida gallinules ( Gallinula chloropus) had residues "v0.30 
and 0.675 mg/ kg, respectively, 1 day after treatment. After 4 days, no residues in these 
tissues could be detected. There was no effect on the egg hatching or fledgling devel­
opment in boat-tailed grackle ( Cassidix mexicanus). Perhaps the most extensive study 
on the ecological consequences of 2,4-D and 2,4,5-T was carried out by continuous 
application293

•
296 of massive quantities of the mixed butyl esters of 2,4-D/ 2,4,5-T (4950 

kg/ha) to a square mile area of Eglin Air Force Base Reservation, Florida, over 8 
years, 1962 to 1970; 2,3, 7 ,8-tetrachloro-dibenzo-p-dioxin impurities contained in 
sprayed 2,4,5-T were found, even though this was 6 to 10 years after the last spraying 
of 2,4,5-T and residues were found in soils, animals, insects, and birds, despite the 
warm climate and an annual rainfall of 1550 mm. The top soil contained 337 ng/ kg 
dioxin, 5% of the calculated applied dioxin. Herbicide residues were low. In another 
U.S. study, 2,4-D alkanolamine salts and Silvex propylene glycol butyl ether ester ap­
plied296 at 5.51 ppm in furrow irrigation water caused injury to sugar beets and soy­
beans at 1.1 ppm. On sprinkler irrigated plots, 0.22 ppm decreased soybean yield. 
Sprinkler irrigation of corn containing 1.1 ppm Silvex left a 10-ppb residue on foliage. 
Furrow and sprinkler irrigation with 2.21 ppm 2.4-0 left a residue of ~ lO ppb in 
sugar beet roots. Tharaldsen'97 reported that water samples from a Norwegian scream 
flowing through bushy vegetation sprayed aerially with 2,4,5-'T butyl glycol ester 
(2,4,5-T "Bayer") con tained ~3 ppb of the ester, 1 to 44 hr after spraying. ln a 
1971 study,298 nine ponds in Florida, Georgia, and Missouri were treated with 2.24 to 
8.96 kg/ ha 2,4-D dimethylamine salt. Initially at the first two locations, residues were 
0.345 to 0.692 mg/ .£ and declined to ~5 µg/£ after 28 days. In the Missouri ponds, 
the initial levels were "v0.6 mg/£ and declined to <S µg/£ after 56 days. Residues in 
mud were never <50 µg/kg over 56 days. The highest level in mud was 170 µg/kg (first 
and third days). Residues in the mud of one Missouri pond could be detected for 28 
days after treatment. Of 307 fish samples, 45 contained residues 10 f-tg/kg to I mg/ 
kg; however, no fish were killed. 2,4,5-T was detected in runoff water on Texas range­
land199 after spraying of I :l 2,4,5-T / piclorarn triethylamine salts. This was mos Uy be­
cause of plant wash-off. Herbicide content in Houston black clay soil was low (0 to 
238 ppb) for at least 2 years. There were high concentrations on grass (50 to 70 ppm) 
immediately after treatment, but these decreased rapidly. High concentrations of 400 
to 800 ppb were found in water if heavy rains fell just after treatment, but were low 
(<5 ppb) if no major storms occurred for l month after treatment. No damage Lo 
cotton or sorghum in adjacent fields was observed. In contrast, less than I ppb of 
2,4,5-T could be detected·100 when 1:1 2,4,5-T/ picloram (1.12 to 2.24 kg/ ha) was ap­
plied every 6 months for 3 years. The initial residues on grass were "v28 to 113 ppb, 
but these decEned quickly. No 2,4,5-T residues were detected in a field lysimeter sam­
pled for year after treatment. Soderquist and Crosby30

' also monitored MCP A residues 
in a California rice field. Water residues declined to IO ppb within 14 days; plant 
residues, begjnnfog at 20 ppm, decreased to I ppm in 20 days. Microbial degradation 
was postulated as the prime degradative mode. Davis, in a Ph.D. thesis,m investigated 
the disappearance of the propylene glycol butyl ether ester and the triethylamine salt 
of 2,4,5-T from field plots and lysimeters. The mean concen tration of 2,4,5-T 1n im­
pounded water was "v40 ppb, with negligible amounts in fresh runoff. The ester per­
sisted longer in impounded water than in field plot soil. No residues were found in 
water 7 months after application. Residues were detected in the lysimeter J to 16 days 
after spraying. No residues on the soil surface were found after 90 days. In a Russian 
study,m it was found that 2,4-D dimethyl amine salt (2.4 to 3.6 kg/ ha} persisted 20 
days in water and 30 days in bottom sediments after application. In another Russian 
investigation,263 although the 2,4-D esters appeared to be hydrolyzed to 2,4-D in 9 to 
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IO days, the ester appeared to accum1ulate in fish at levels 100 to 300 times higher than 
in water. They recommended the level of 6 µg/ J for fish ponds. The largest loss of 
2,4-D (0.56 kg/ ha) in runoff from plots receiving simulated rainfall and from a small 
agricultural watershed on a sandy U.S. coastal plain soil in 1970, 1971. and 1972 was303 

8.1. 6.2, and 2 .5 µg/£, over 20, 27, and 34 days, respectively. Residues in the top 0.5 
cm of soiJ decreased from 4. 7 to 0.27 ppm in 7 days and to IO ppb after 34 days. Soil 
subsurface concentrations were always <l µg/J.. When rains were simulated at day J, 
8, and 35. after application , runoff was 25.2, 5.8, and 0.7 µg/P, respectively. These 
researchers publjshed another study3

"• on surface runoff of 2,4-D (0.56 kg/ ha) from 
corn (Zea mays) plots down a 24.4-m grassed waterway. When soils were moist, the 
loss of 2,4-D was 2 .50Jo when it rained (simulated) 1 day after application; if the soils 
were dry, the loss was I0.3U?o ; 30% of the applied 2,4-D reached the end of the runway 
from (he corn plot, regardless of moisture. In another U.S. study, 2,4-D dimethylam­
ine salt (1.5 ppm) concentrations wer.e305 139 ppb on day I, but were 4 ppb on day 41. 
Sil vex PGBE ester (2.9 ppm) levels were285 1.6 ppm for 7 days, declining to 20 ppb at 
day 182. In a recent scudy,4•0 Joyce iand Sikka found levels of 2,4-D co be well below 
tolerance in water and blue crabs ( Callinectes sapidus) after routine water hyacinth 
(Eichomia crassipes) control in the St. Johns River in Florida. 

E. Residues of tbePhenoxys in W ater 
From the preceding section, it is clear that persistence in waters is as variable as in 

soils in spite of the much greater dilution. 
Most measured phenoxy residues in streams and lakes are in the parts per billion 

range. 306 Hindin et al. 307
•
308 detected 2,4-D esters in late 1960 in the irrigation supply 

water of the rainshadow area of the: Columbia Basin in Washington. Values ranged 
from 0.3 to 18 ppb; 2,4-D and 2,4,5-T were noted in Lake Hopatcong, N.J . in 1957 
to 1958,3'9 and 2,4,5-T was noted in IDutchess County, N.Y. in 1958 to 1960,m as well 
as 2,4-D in Colorado in I 959321

--:1
23 and in 1963.309 Residues <l ppb were also detected 

in the western U.S. ;3 10 residues of 2,4,5-T and Silvex324 are rarely found. 3 " ln spite of 
these low levels, concentrations as high as 70 ppb of 2,4-D3

'
2 have been detected after 

aerial spraying of Oregon forests, and 50-ppb levels were measured3 1
,1 at Lafayette, 

Ind. ; levels between 0.01 and 0.07 ppb of 2,4,5-T in surface waters were also noted in 
1971 ;m Sil vex residues in surface waters and reticulated town waters from 15 western 
states can range between 0.01 and 0.:21 ppb.'15 Consequently, the "rarity" of residues 
may in fact reflect the desultory natu1·e of the monitoring. 

In Canada, Simpkins and Peakem analyzed some 260 samples of natural waters 
from the Prairie provinces of Alberta and Saskatchewan in 1972 and found quantities 
of 2,4-D to be greater than 1 ppb in over half the samples, the highest value being 31 
ppb; 2,4,5-T was found in 85 samples at levels > 1 ppb; 2,4-DP was not commonly 
found , but concentration up to 7 ppb, were detected. Lee Choi et al.317 in 1976 reported 
on 1973 2,4-D levels in the South Saskatchewan River near Saskatoon, Saskatchewan. 
Levels in mid-June were around 2 ppb. No 2,4-D was detected at harvest time or in 
river mud. In both Canadian studies, total phenoxy content was evaluated and con­
firmed by GC/MS. The figures by Lee Choi et al. were also confirmed by t ransesteri­
fication. In the latter s tudy, many n,eutral compounds were detected having the same 
retention times as the n-butyl and i-butyl esters of 2,4-D, but most of these peaks 
proved spurious on clean-up. 

Adsorbed Silvex appears to be difficult to extract from organic matterm and may 
explain why its residues are comparative]y rare in addition lo its smaller volume of 
usage. 

All the s tudies above have report1ed levels as if all the residues were derived from 
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homogeneous solutions. However, the samples may or may not have contained parti­
culate matter. Suffet316 demonstrated that waters with particulate matter adsorbed her­
bicides. In fact, spiked isopropy] 2,4-D ester at "v4 ppm in natural water with a pH 
of 7. 8 at 25°C and of 58 Jackson turbidity units (JTU) showed only l ppm on analysis, 
and this value declined to '\...0.1 ppm after l day, with many adsorption and desorption 
cycles. Under p-value (See Chapter J, Section IV .D) extraction conditions (pH 2.0, 
0.2 M orthophosphate buffer), the initial value was even lower ("v0.6 ppm), but al­
though adsorption and desorption cycles again occurred, the mean value stayed around 
0.6 ppm. This behavior indicates that many literature levels could be factors of 6 to 
40 too low if the sample was initially heavily turbid. The best sampling technique is to 
filter the water at the time of collection and analyze the water and particulate matter 
separately, remembering that " water" stiJJ contains much semicolloidal material, even 
after filtration. If there is suspended matter in a sample, age and storage conditions 
are crucial. Clearly, analytical and methodological problems still await clarification in 
this area. 

Although the pb.enoxys, when pure, are odorless, the corresponding chlorophenols, 
often the main biodegradation products, are not. The permissible level of 2,4-dichlo­
rophenol is327 0.5 ppb. Threshold odor and taste levels are reported to be 0.65 ppb at 
30°C32

' and 8 ppb,'42 respectively; however, 2,4-dichlorophenol appears to be biode­
graded faster than 2,4-D under the same conditions. This does not mean to imply that 
the rate of biodegradation is always fast, e.g., the,early fouling of water supplies by 
chlorophenols from 2,4-D which persisted for 3 years. 274 This is the basis of the taste 
and odor329 thresholds for 2,4-D (0.12 ppm, 3 ppm) and for 2,4,5-T ( I 4ppb, 2 .92 ppm), 
respectively. Sil vex has an odor threshold of 0. 78 ppm, 329 and the threshold for the 
isopropyl ester of 2,4-D is between 3. 1 to 55 ppb;329 the value for the isooctyl ester of 
2,4-D is set at 0.12 ppm. 

Removal of pesticides from water supplies has received much attention. It was dem­
onstrated in Chapter 3 that the phenoxys are comparatively resistant to chemical deg­
radation. Silvex is not degraded by HCl or ·NaOH,330 and neither chlorine nor KMhO. 
are effective in removing 2,4-D or its esters from surface waters.H• Activated charcoal 
(see Chapter 1) appears to be the most efficient means,m removing at least 80% of 
2,4-D at 6-ppm levels,332 although twice as much charcoal is required to reduce anion 
levels than esters for a 30-min contact time at 25"C. A 20- to 30-fold excess of activated 
carbon will cleanse out all phenoxyacetate anions, esters, and phenolates. A 2,4,5-T 
ester at 10 ppb was removed partially by chlorination (< I 0% ). m Ion-exchange meth­
ods proved to be ineffective, only 20 to 300fu being removed at 10 to 120 ppm of sodium 
salt and n-butyl ester of 2,4-O.m The ion-exchange technique of Renberg, however, 
appears promising.'35 Reverse osmosis techniques remove only 65% of the 2,4-D so­
dium salt.316 A ly and Faust3n demonstrated that limestone, Ah (SO,)3 , and FeSO4 were 
also ineffective to remove phenoxys from water. 

In two interesting papers, Moffett et al. 339· 3 " 0 examined the effect of spraying bees 
and spiking their water supply with 2.4-D and 2,4.5-T. After spraying,3J" no residues 
were detected in the bees or their honey, and no injury was caused. In another later 
investigation3• 0 (1974), 2,4,5-T at 1000 ppm in the water source of honey bees caused 
residues of 148 ppm in the bee and 50 ppm in the honey after 12 weeks. After spraying, 
residues were both "v50 ppm; 2,4,5-T was still detectable 480 days after study initiation 
and could be still found in wax after 650 days. Thus, al these larger doses, 2,4,5-T 
appears to be persistent. 

Tolerances for 2,4-D in potable or fisheries waters in the U.S. are now set at O. l 
ppm;3••-3 • 3 those for 2,4,5-T and 2,4,5-TP are342 10 ppb, being also dependent on max­
imum daily air temperatures. In Canada, the total amount of permitted phenoxy acids 
is 0. I ppm34• in fishery and potable waters. 
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Estuarine and oceanic studies of phenoxy residues are scarce, even though 2,4-D is 
used extensively for control of weeds in tidal areas.345

•
3

'
6 ln 1964, attempts were made 

to reclaim large areas of natural oyster beds in the Chesapeake Bay area of the U.S. 
The highest residues in clams and oysters occurred during the first few days after ex­
posure, ranging in general from 1.45 to 3.00 ppm. No residues were found after 21 
days at one location; in another, the residues persisted for 59 days.-w ln other Chesa­
peake Bay studies, 34e oysters and clams accumulated maximum 2,4-D residues of 3.8 
and 3 .6 ppm, respectively. Thus. although shellfish appear to accumulate the phen­
oxys, slow elimination does occur. 

As far as the authors know, no residue !;tudy for the phenoxys in mid-ocean, e.g. , 
the Gulf Stream or the Kuro Siwo, has ever been published or attempted. 

The topic of herbicide residues in aquatic environments has been the subject of nu­
merous reviews. •>◄ -2.H,12y,214, 2•• •. s.o-Hs 

V. RESIDUES ON PLANTS ANO CROPS 

Herbicidal residues on plants are easily detectable just after spraying. Plants can 
also absorb herbicides via their roots from the air, •'washout", contaminated waters. 
birds, animal excreta, and similar sources. The residue on the leaf is often a fine bal­
ance between leaf penetration (and translocation) and herbicide volatilization, pboto­
decomposition, or wash-off. We have already discussed most of these processes in 
earlier sections of tms chapter. We shall not provide an exhaustive list of residues, 
since this is adequately covered by other reviews.:i1•-m.Js9 Instead we shall concentrate 
on the planL residues obtained in some representative studies in the l 970s. 

Residues of 15 to 30 ppb of 2,4-0 were fouod300 in potato tubers at harvest after 
application for enhancement of color and control of tuber size. Some residues were 
~110 ppb. At least 700/o of the 2,4-D was in conjugated form. Bovey and Baurrn in 
1972 showed that 2,4,5-T ester in Texas grassland ecosystems did not persist from year 
to year. Just after spraying (0.5 or 1 lb/ acre), the residues on grass were 26 to 144 
ppm. After 6 weeks, these had declined to 0.040 to 5.93 ppm; at 26 weeks, they were 
0 to 51 ppb. Corn sprayed in Russia 361 with 2,4-D amine salt (0. 5 mg/ kg) still con­
tained residues at the 15-leaf stage, but none were detected at harvest time. 

A Li .S. application'96 of I.I ppm Silvex propylene glycol butyl ether ester applied 
via sprinkler to irrigated plots left a 10-ppb residue on corn foliage. The same level in 
sugar beet roots was also found on application of 2.21 ppm 2,4-D alkanolamine salts 
via furrow or sprinkler irrigation. Only parts per billion to parts per mjJJion levels of 
2,4,D and 2.4,5-T were found361 in and on various plants (asparagus, beans, beets. 
carrots. cole crops, cucumbers, melons, squash, lettuce, leeks, peas, peppers, potatoes, 
spinach, tomatoes, sweet potatoes, sweet corn, apples, blueberries, cbenies, cranber­
ries, grapes, and pears) in a survey dealing with 92 pesticides used in the Maryland, 
Massachusetts, New Jersey, New York, and Pennsylvania areas in 1972. No residues 
or metaboHtes of 2,4-D, MCPA, and MCPB were detected363 in grain from Russian 
winter rye treated at 0.6 to I .4, 0.8 to J .8, and 1.5 to 2.5 kg/ ha, respectively. In Indiaj 
it was found3

~• that groundnuts in the Punjab sprayed with 2,4-D at 0.6 to 3.6 kg/ ha 
showed residues (~J .40 ppm.) up Lo 75 days after treatment, even though tbe residues 
decreased gradually with time. In a Russian study, 2,4-D butyl esters sprayed in August 
1973, al 3 kg/ ha on trees and shrubs, produced110 residues in the litter layer under 
treated trees of 1.6 and 0.22 mg/ kg at I and JO days, respectively, after application. 
The levels in aspen, birch, mountain ash, raspberry, and red bilberry decreased 4.9-, 
5.9-, 6.1-, 13.9-, and 3.4-fold respectively, during the first 10 days after application. 

T 
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In other Russian studies, 2,4-D and 2,4-dichJorophenol were measured365 in straw, 
fodder, eggs, milk, meat products, and food at public caterers in the Saratov Region 
at levels >9.5- to 12-fold the maximum allowable concentration of 2,4-0. ChmiJJ•• in 
1975 reported 2,4-D and 2,4-DB levels of 101-'g/ kg from grain and potatoes. In another 
Saratov Region study, Fedorova et al.367 in 1975 showed that 46% of the cattle con­
tained 2,4-D and its 2,4-dichlorophenol metabolite. In addition, small quantities were 
found in milk, root crops, straw, hay, and in the eggs of Japanese quail ('vi% of the 
injected herbicide was found in the yolk and albumin) . Both were found in the liver 
and kidneys of quails. ln a 1974 Finnish study, cow berries ( Vaccinium vi tis - idaea) 
and wild mushrooms growing in young conifer forests sprayed aerially with 2,4-D/ 
2,4,5-T were shown by Mukula and Siltanen"" to contain 0.J to 5 .2 and 0.2 ppm, 
respectively, of 2,4-D and 0.7 to 15 and 0.15 to 1.8 ppm, respectively, of 2,4,5-T resi­
dues. Pleshakov and Serov-169 could detect 2,4-D butyl ester (3 to 4 kg/ ha) or dimethyl 
amine salt (4.8 to 7 kg/ha) sprayed on grass for 100 days after spraying. Possible 
transfer to food products because of feeding of animals was proposed. Anpalov and 
Mostovi370 in 1976 noted that the residues of the ammonium salt of 2,4-D ( 1.2 kg/ ha) 
diappeared within 40 days, and fodder residues were halved by fertilization with am­
monium nitrate (75 kg N per hectare). Bristol,m in a 1976 U.S. National Bureau of 
Standards study, showed that red potatoes from North Dakota treated w ith 2,4-D (2 
oz/ acre) at tuber set to improve market quality and yield contained 68 to 150 ppb 2,4-
D and <2 ppb 2,4-dichlorophenol. When stored at 4 °C over 15 months, the levels were 
<S ppb, but the 2,4-dicblorophenol levels remajned constant, The t112 of 2,4-D under 
these conditions was 'vl0 to 14 weeks. In contrast, tuber samples sliced, fortified, 
processed immediately after harvest, and stored at -20°C contained constant levels of 
2,4-D over 15 months, but this time. 2,4-dichlorophenol concentration decreased from 
88 to 470/o in this period. It was concluded that kinetic studies were required to prove 
residue dissipation. 

In two Oceania studies, Love and Donnelly'" in 1976 showed that apricots grown 
in Central Otago (New Zealand) on lrees sprayed with 2,4-D to control fruit drop still 
contained 2,4-D for up to 7 weeks. The levels were <0.7 mg/ kg at normal harvest. 
Singh et al.373 in a 1977 Australian study studied the fate of 2,4-D in lemons which 
are usually sprayed to reduce losses in storage from stem rot caused by Diaporlhe cicri. 
The herbicide was applied in various forms at packing time via wax (100 LO 500 mg 
Na-2,4-D/ 1) or as a double treatment in a benomyl fungicide bulk dip followed by 
packing line treatment. Only doubly treated fruit contained 2,4-D after 8 weeks, and 
Na salt < dimethyl amine salt < etbyl ester. Residues declined in storage, but could 
still be detected after 12 weeks, except for fruit given a single treatment with the sodium 
salt. 

lo the U.S., only 50 samples of food were found to contaminated with 2,4-D (21 to 
160 ppm) between 1964 and 1970. Residues were found in l % or less of dairy products, 
oils, fats, shortening, and in fruits, 1.9% of leafy vegetables, and in 22.J IT/o of sugar 
and adjuncts.21 3 Very little 2,4,5-T was found 374 in food in analyses of raw agricultural 
products and in the Market Basket survey (1965 to 1968) samples. Of about 10,000 
food and feed samples examined from J 964 to 1969, only 25 contained traces of 2,4,5-
T (<100 ppb) and 2 contained measurable amounts t0.19 and 0.29 ppm). ln the FDA 
Market Basket Survey, Silvexm and MCPA were detected at levels of ~100 and ~400 
ppb, respectively.•0 Similar levels were found in a Canadian studym for 1972 to 1973. 

The tolerances for 2,4-D in the U.S. in or on potatoes311 and in sugar cane molasses 
and bagassem are. now set at 0.2 and 5 ppm, respectively. 2,4-D dimethylamine salt 
tolerances have been seem at O. l ppm in citrus, cucurbits, forage grasses, forage leg­
umes, fruiting vegetables, stone fruits, avocados, cotton seed, hops, and strawberries; 

-, 
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other tolerances are 0.5 ppm in grain, 20 ppm in forage, and 2 ppm in the milled 
fractions of barley, oats, rye, wheat (except flour), or feed. The acceptable daily intake 
sel by the FAO/ WHO is 300 1,,1g/ kg. 380 Another FAO/ WHO publication recommended 
tolerances of 20 ppb in grains.38

' 

We will not discuss residue and metabolite levels in microorganisms, birds, fish, 
man, or animals, since these will be considered in Volume 11. An excellent book361 is 
available on the general subject of pesticide residues, -as well as the FAO/ WHO bulle­
tins3so,3s, and U .S. EPA Reports.'H,J1J,J1•.»s.•o 

VI. 2,4,5-T AND TCDD POLLUTION 

As has been stressed in Chapter 1, TCDD is a very teratogenic impurity found in 
formulations of 2,4.5-T, Silvex, 2,4,5-TB, pentachlorophenol , and any compounds 
which utilize tri-, tetra-, or penta-chlorophenols in the manu racturing processes. We 
will consider m detail in Volume lI the toxicological properties of the dioxins. Several 
reviews and excellent books are now available. Instead, we shall ,coricentrate here on 
dioxin contam.ination. 

T here are four well-known instances of significant environmental TCDD contami­
nation namely, in South Vietnam in the J960s, northwestern Florida (U.S.) in the 
1960s, eastern Missouri (U.S.) (May, 1971), and in Se.veso. northern Italy (July, 1976). 
All were unintentional and uncontrolled. 

A. South Vietnam 
Dioxin was dispersed aerially by the U.S. Air Force as a contaminant of Agent Or­

ange, a I: I mixture of butyl esters of 2,4,5-T / 2,4-D. Between I 961 and I 970, but 
primarily (89%) during the 4 years from 1966 to 1969, an estimated total of more than 
110 kg of dioxin was applied383 unintentionally to approximately 106 ha of South Viet­
nam (i.e., 60Jo of its land area). The overall dose was thus 106 mg/ ha; 660/o of this 
sprayed area received 70 mg/ ha, 22% received 140 mg/ ha, 8% received 210 mg/ ha, 
3% received 280 mg/ ha, and the remaining I 11/o area received >280 mg/ ha. Most or 
the defoliation program (90%) was directed at forests (upland and coastal) , and the 
remainder was directed at agricultural lands (primarily upland). The region around 
Saigon was the recipient of 53% of the spraying, but on an areal basis, this region 
received three times as much as the average. The approximate temporal distribution 
of the estimated 111 kg of dfoxin was (in kilograms: 1961 (0), I 962 (0), 1963 (I) , 1964 
(2), 1965 (4), 1966 (16), 1967 (30), 1968 (22), 1969 (31), and 1970(5). The total popu­
lation of South Vietnam at the time was approximately 17.6 x 10.6 Thus, on a per 
capita basis, the average maximum dioxin exposure was 6 mg/ person; around Saigon, 
the average was 25 mg/ person. ln terms of the top 10 cm of soil and assuming a weight 
of 1325 kg/ m3 for normal soil, this represents 80 ng/ kg. Dioxin was soon found to be 
concentrated in food chains leading to man by residue analysis of fish, shellfish, and 
crustacea collected in South Vietnam.394 In addition, during the height of spraying 
season in 1968 to 1970, the number of stillbirths at Tay Ninh Hospital, serving the 
most heavily sprayed area, was twice the rate in comparable regions or when there was 
no spraying. Saigon' s Children's Hospital records showed trebled incidence of Spina 
bifida and pura cleft palate during heavy spraying. 385 These epidemiological data were 
confirmed independently by the U.S. Department of Defense386 ·361 for all sprayed 
areas. In spite of the suggestive nature of the above, it does not prove cause and effect. 
However, the segment of the population most likely to bear the brunt of the spraying 
was also the one most likely to be underrepresented in the above statistics. 386 ·389 

The description of the train of events after aerial spraying is worthwhile to surnma-
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rize: leaves of trees yellowed, shriveled, and fell, and crops withered, rotted, and be­
came inedible. Fish in ponds and rivers and small animals and fowls in farmyards died. 
Some abortions and monstrous births in animals were observed. Vomiting and nausea 
seemed to be only transitory. ChJoracne was also reported. Fatigue, weariness, and 
dizziness were induced. Long illnesses were experienced by children and elderly peo­
ple:'"" Such events evoked swift reaction from scientists390·m and the popular press. 
Thus, for example, many articles and letters in Science have appeared on the 
issue. 388, Joo -301 

The Report by the National Academy of Sciences387·m also predicted that the man• 
grove forests would take 100 years to recover and found after great controversy that 
between 0.5 to 2 million m' of merchantable timber was lost, that the phenoxy herbi• 
cides in soils barely persisted beyond 1 year, that only one growing season was lost 
after spraying, and that spraying did not have a "lasting detrimental effect" on plant 
nutrients in soils. 

Tbe reports of the abortions and stillbirths in Vietnam came just before it was 
found3

~
8 in 1970 that 2,4,5-T, containing about 30 ppm TCDD, was teratogenic and 

fetocidal in two strains of mice and in one strain of rats. In 1963, following the tha­
lidomide tragedy, the U.S. President's Advisory Committee recommended the initia­
tion of a large scale screening program to determine the safety of pesticides and other 
industrial chemicals.m fn 1964, the National Cancer Institute awarded a contract to 
Bionetics Research Laboratory to conduct carcinogenicity, mutagenicity, and terato­
genicity tests on many pesticides including 2,4,5-trichlorophenol and 2,4,5-T. Bionetics 
reported in the late 1960s that 2,4,5-T was teratogenic to mice. 

Public disclosure that TCDD was the active teratogenic agent in a very widely used 
herbicide triggered a number of administrative and legal actions as well as intensified 
toxicological and environmental studies of 2,4,5-T aod TCDD. •0° Congressional hear­
ings were initiated in April, 1970, on the "Effects of 2,4,5-T on Man and the Environ­
ment" .•01 The U.S. Departments of Agriculture (USDA), Interior, and Health, Edu­
cation and Welfare announced jointly on April 20, 1970 the suspension of home uses 
of 2,4,5-T as a liquid formulation and of all uses in and near water.•02 This was soon 
followed by the cancellation on May l, 1970 of all registered uses of 2,4,5-T for certain 
food crops. 403 Use of 2,4,5-T on range and pasture land, along rights-of-way, and in 
forest areas were not affected by the action . This was soon challenged by two manu­
facturers. •0

• An advisory committee appointed by the Secretary of Agriculture in a 
report dated May 7, 1971 recommended that i.4,5-T be reinstated when tolerances in 
foods were established and that levels ofTCDD be kept low. The newly formed EPA. 
the regulatory body for registering pesticides , declined to rescind the cancellation on 
the grounds that data on the effects of 2,4,5-T and TCDD did not warrant this ac­
tion.•o.s In 1973, EPA gave public notice of its intent to complete environrnemal and 
human monitoring projects and to determine TCDD toxicity,4°6 as well as to hold a 
hearing on all uses of 2,4,5-T. In March 1975, it released a "Dioxin Implementation 
Plan"•0

' to sample the total environment for 2.4,5-T and Silve.x. Results of the analyses 
of 85 beef fat samples and 43 beef liver samples carried out by several collaborating 
laboratories showed that three fat samples contained 20 to 60 ng/ kg TCDD, but only 
one liver sample contained TCDD, near the limit of detection. •0

~ The Council for Ag­
ricultural Science and Technology (CAST) Look the opposite position: the amount of 
TCDD in 2,4,5-T and Silvex was not enough to change the toxicological properties of 
t.hese preparations or to endanger human health or affect plants or animals in the 
environment. Unfortunately, synergistic interac.:tions were not considered in this re­
port.3M·•09 On August 11, I 978, the USDA prohibited spraying of 2,4,5-T within a 
quarter mile of streams on national forest lands. However, it amended this distance 
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to within 200 ft of streams in September, 1978, after intensive lobbying by forestry 
groups. Spraying within 1 mi of permanent dwellings was also prohibited.410 A fuller 
account of the early stages of the 2,4,5-T controversy can be read in the article by 
Bevenue and Kawano. 41

' On February 28, 1979, the EPA suspended the use of 2,4,5-
T and Silvex for use in forestry, rights-of-way, and, in the case of Silvex, for home 
and garden use, as well as other minor uses. This action was based on results from an 
epidemiological study of spontaneous abortions in the Alsea forestry region of Oregon, 
an area that has been continuously treated with these two herbicides.441 An appeal by 
Dow Chemical against the banning was unsuccessful. Ar this time (January 1981) a 
decision on the complete ban on the use of these herbicides awaits the outcome of 
cancellation bearings being held in 1980-1981. 

In 1970. the U.S. Air Force terminated its defoliation program in Southeast Asia 
and approximately 8.7 x 10~ £ of Agent Orange were stored at Gulfport, Miss. and on 
Johnston Island in the Pacific Ocean.m-:i.9u 93 Analyses for the TCDD contest pro­
duced figures ranging from 0.1 to 47 ppm, the average being around 1.86 ppm. T he 
subsequent fate of Agent Orange has already been alluded to in Chapters 2 and 3. 

B. Northwest Florida 
At Eglin Air Force Base in northwestern Florida the U.S. Air Force carried out a 

spray equipment test program between 1962 and l 970. m-m The area of particular 
interest is a formerly forested, unpopulated 37 .25-ha grassland tract (Grid Number l 
of Test Area Number C-52A). Over a 3-year period 1962 to 1964, 39,540 kg of 2,4,5-
T was sprayed. If the TCDD contamination was the same as in the formulations left 
over from the Vietnam War, about I.SO g of dioxin was applied leading to a rate of 
4.9 g/ha. In terms of the top 10 cm of normal soil, this represents 3.7 µg / kg. Dioxin 
has been found in all collected soil samples and in many animals, birds, fish, and 
insects in spite of the warm weather and heavy annual rainfall (1550 mm) and despite 
the fact it was 12 years after the last spraying. The top JO cm of soil contained 337 
ng/ kg of dioxin, implying a half life of "v3 years. Two other field testing sites were 
also used, namely, western Kansas (Garden City) and northwestern Utah (Air Force 
Logistics Command Test Range Complex). Soil types varied from a sandy loam at 
Eglin, silt loam at Garden City, and a clay loam at the Air Force Logistics Command 
Complex. The mean rainfalls were 155, 40, and 15 cm, respectively. TCDD residues 
in these soils varied from 375 ppt to 15 ppb at the earliest time of analysis. TCDD 
appeared to degrade faster in Kansas soils than in Florida soils and degrade least rap­
idly in Utah desert soils. The ranking of the first two was a surprise, since it might be 
expected that biodegradation would be most rapid in the Florida climate. TCDD did 
not leach appreciably below 15 to 30 cm. P reliminary studies did indicate however, 
that added lime, fertilizer, and organic matter enhanced degradation under Florida 
conditions . Degradation was possibly also enhanced by tilling and by jncreases in tem­
perature. No bioaccumulation was observed. The reports were subjected to critical 
scrutiny by Commoner and Scott,•u who concluded that the half life of TCDD in all 
three field sites was the same, namely, 190 to 330 days and that tillage, photodecom­
position by suoJight, or addition of nutrients did not shorten persistence, at least for 
as long as 3 years. Their evaluation agrees with the finding that TCDD remains firmly 
bound to its original location in the soil and does not leach up or down with water. 
This implies the chief degradation occurs by soil microorganisms. Commoner and 
Scott also pooled compatible data, and they concluded that bioaccumulation and bio­
concentration did occur, a conclusion diametrically opposite to that of Young. It was 
asserted that the Air Force data could nor be properly used to prove thfs thesis, since 
the data were not based on a series of trophic food levels as determined from whole-
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body anaJyses. There also appears to be a concentration dependence, the critical con­
centration in mouse liver being~ 500 ppt. It is also possible that natural selection for 
resistance took place over the many generations exposed. In addition, the technique 
used to obtain lhe analyticaJ data was not clearly stated. The Air Force studies also 
note that TCDD is difficult to release from ac£ivated charcoal oncejt is bound. 

C. Eastern Missouri 
This incident occurred during May 1971 ➔ 13-m when a large (68 mJ) of waste oil, 

unwittingly contaminated with 'v330 mg/ kg of dioxin, was spread as a dust palliative 
at three horse arena farms and along one stretch of road . If the oil weight was 1000 
kg/ m3, the maximum amount of dioxin was "'22 kg. Soil samples taken of the mosl 
afflicted farm 3 months after the event at a depth of about 15 cm were found to contain 
an average of 32 mg/ kg dioxin. lf the half-life was 463 days in soil, about 130Jo disap­
pears in the 3-month interval, and the initial concentration was thus 'v)7 mg/ kg. lt is 
reasonable to assume that none of the dioxin had leached up or down, and assuming 
a compacted soil weight of 2650 kg/ m3

, the inHial rate of application should have been 
'vl47 kg/ ha. Moreover, the total area contaminated at lhis application rate could not 
have exceeded about 0.15 ha. In terms of the top 10 cm of normal soil, this represents 
l 10 mg/ ka. After 3 days, people became ill, bur children were more susceptible; Live­
stock and wildlife died; many humans were hospitalized, especially for chloracne. Live­
stock contin ued to die as late as January, 1974, even though the soil of the horse arena 
at one of the farms was removed. TCDD was deduced to be present when 2,4,5-trich­
lorophenol was positively identified . The oil sludge sprayed had been collected from 
many industries, and it was s hown that the dioxin had originated from a hexachloro­
phene producer in 1970 and 1971. The producer had contracted disposal of these resi­
dues to a chemical distributor, who subcontracted this disposal w the salvage oil com­
pany that sprayed the horse arenas. The fluid still left in the storage tank also contained 
TCDD. 

D. The Seveso Incident 
'The chemical reactions leading to the explosion in the ICMESA plant producing 

2,4,5-trichlorophenol have already been noted in Chapter I . The explosion••• released 
a chemical cloud which blew over the ciLies of Seveso and Cesano Maderno near Milan 
in Meda, Italy on July 10, 1976. The plant owned by L. Givaudan and Company, a 
subsidiary of Hoffman-La Roche, produced 2,4,5-trictiloropheool for shipment to 
plants in Clifton, N.J. and in Switzerland for use in the manufacture of hexachloro­
phene. The accident occurred during the Saturday lunch hour. On overheating in the 
reaction vessel, the safety valve blew, releasing about 10% of the contents horizoncally 
from the reactor building into the atmosphere, and the resultant cloud was carried 
toward Seveso. 1t was estimated to contain 500 kg of 2,4,5-trichlorophenol and 2 kg 
of TCDD, and it spread quickly in a southerly direction, initially covering an area, 
about 5 km long and 700 m wide. The affected areas were subsequently (after a 2-
week delay) divided into three zones:m Zone A (an area of approximately 115 ha in 
the town of Seveso just south of the plant in which residues of 50 ppm TCDD were 
found on tree leaves and 50 µg / m2 to 1 mg/m1 in the soil; 800 people were evacuated), 
Zone B (in an area of 255 ha of population 4000, showed 5 to 50 1,1g/m2 TCDD in soil; 
1300 children and pregnant women were evacuated), and Zone C (further south, with 
a population of I l,000 and an area of 1400 ha which contained light residues over a 
large area). Thus, over 320 ha of Zones A and part of 8, the application rate of TCDD 
was 'v8 g/ ha. In terms of the top 10 cm of normaJ soil, this represents 5.9 µg/ kg. 

The Regional Health Minister appointed three committees to cover the areas of med-
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icine and epidemiology, veterinary medicine, and chemical analysis and decontamina­
tion. Approximately 2000 peop1e were exposed; 300 were treated for skiJi disorders 
including burns (caused by the phenol), and 46 people were hospitalized. Over I JOO 
animals were killed directly, and up to 255 ng/g of TCDD was fo und in the liver of 
dead rabbits from Zone A . The medical committee undertook tote.st and assist 11.000 
people from the area over the next 5 to JO years. The workers in the lCMESA plant 
were also monitored, and an epidemiological study involving 200,000 people io t he 
area was commenced. A review of news items and reports in the Italian press during 
July JO, 1976 to September IO, 1976 has been published by the Rachel Carson Trust 
for the Living Environment.•• 5 Other reports•19.•22 ·◄ 3 1.•lJ.os-•3• should be consulted for 
the detailed history of the Seveso Incident. As of I 977, Lhe TCDD had penetrated into 
the soil at least 30 cm. To decontaminate the area, i t was proposedm to incinerate the 
top soil and p1ants;42° Calvin suggested that carbon granules and cow manure be spread 
to adsorb the TCDD and also suggested tha! photodecomposition would be the pre­
ferred mode. Crosby et at.•10

-•
21 recommended that the topsoil be sprayed with an olive 

oil emulsion to induce reductive dechlorination in sunlight. The TCDD could be 
thereby detoxified to less toxic dioxins and also made more volatile so it could be 
diluted in the air by evaporation. This was the recommendation followed, and this 
halved the vegetation residues in 24 hr. However, rain intervened and the rest of the 
residues were washed into the soil. The TCDD was analyzed by a mass fragmento­
graphic technique, originally proposed by Baughman and Meselson•~2 in 1973. A re­
view of analytical methods for TCDD is available. 434 

REFERENCES 

I. Crosby, D. G., Herbicides: Physiology, Bioc:hemistry. Ecology. 2nd ed., Audus, L. J., Ed., Aca-
demic Press, New York, 1976, 65. 

2. Takijima, Y. and Hayashi, T. , Nog)'o Oyobi Engej, 28, 999, 1953; Chem. Abstr .. 48. 2958f. 1954. 
3. Hamaker , J. W., Goring, C.A.I., and Youngson, C.R., Adv. Chem. Ser .. 60, 23, 1966. 
4. Charles, F. M .. as quoted by Crosby, D. G., Herbicides: Physiology, Biochemisuy, Ecology, 2nd 

ed., Audus, L. J. , Ed. , Academic Press, New York, 1976, 85, 
5. De Mint, R. J. and Frank, P.A., Proc. West. Soc. Weed Sci .. 24, 27, 1971. 
6. Matano, 0., Yukirnoto, M., Nishijima, 0., and l<ashiwa, T., NoyakuKenkyu Hokoku, 11, 32, 1971; 

Chem. Abstr., 78, 93423p, 1973. 
7. ZimdahJ, R. L., Freed, Y. H., Montgomery, M. L., and Furtick, W.R., Weed Res., JO, 18, 1970. 
8. Skipper, H. D. and Volk, V. V., Weed Sci .. 20, 344, 1972. 
9. Wojtalik, T. A .. Hall, J. F., andl4ill, L. 0., Pestic. Monil. J., 4, 184, 1971. 

10. Johnson, J.E., Bioscience. 21,899, 1971. 
11. Polon, J. A., Pesticide Formulations, Van Valkenburg, W., Ed., Marcel Dekker, New York, 1973, 

143. 
12. Meyers, H. A. and Lovely, W. G.,Agric. Eng.,38, 298,316, 1957. 
13. Kida, H. and Stafford, E. M., J. Econ. Enlomol., 59,454, 1966. 
14. Cunningham, R. T. , Brann, J. L., Jr., and Fleming, G. A., J. Econ. En1omol .. 55, J 92, 1962. 
15. Fraser, R. P., Advances in Pesticide Control Research, lmerscfonce, New York, l 958, p. I. 
16, Marshall, W.R., Jr .• Chem. Eng. Progr. Monogr. Ser., 50 (2), 1, 1954. 
17. Butler, B. J. , Akesson, N. B., and Yates, W.E. , Trans. Am. Soc. Agrlc. Eng., 12, 1969. 
18. Yates, W. E. and Akesson, N. B., Pesticide Formulations, Yan Valktmburg. W ., Ed .. Marcel Dekker, 

New York, 1973, 275. 
19, Amsden, P. C., Agric. Avial.,4, 88, 1962. 
20. Ball, C., Farm .Tournal, November, p. 26, 1968. 
21. Kasimatis,A. N., Weaver,R. J.,andPool, R. M ., J. Eno/. Vi1icu/( . . 19,194, 1968. l 

Bayer EX1026 (Part 2 of 2)



1 Volume I: Chemistry, Analysis, and Environmental Pollution 267 

22. Jensen, R. S., Has1ings Law J., l 9. 476, 1968. 
23. Courshee, P., J., Agric. Sng. Res.,4, 144, 229, 1959. 
24. Roth, L. and Porterfield, J., Trans. Am. Soc. Agric. Eng., 9,553, 1966. 
25. Byrd, B. and Reimer, C., Proc. Northeast. Weed Control Conf., 1966, 422. 
26. Courshee, R. J ., Bull. Encomol. Res., 50,355, 1959. 
27. Lee, C., Coutts, H . H ., and Parker, J. D., Agric. A viar .• 11 , 12, 1969. 
28. Yeo, D., Proc. /sr Jnr. Agric. Avia1. Conf., International Agriculture Aviation Centre, The Hague, 

1959. 
29. Yates, W. E. and Akesson, N. B., Proc. 3rd lncernarional Agric. Aviar. Congr., Int. Agriculture 

Aviation Centre, The Hague, 1966, 129, 
30. Yates, W. E. and Akesson, N. B., Trans. Am. Soc. Agric. Eng., 6, 104, J 14, 1963. 
31. Akesson, N. B., Yates, W. E., and Wilie, S. E., Proc. 4th Int. Avial. Congr., International Agricul­

mre Aviation Centre, The Hague, 1969. 
32. Argauer, R., Mason, H., Corley, C., Higgins, A ., Sauls, J., and Liljedahl, L, J. Econ. Entomol., 

61, 1015, 1968. 
33. Drummond, A. M., Ed., Pesticide Accol.lntancy Wor~hop, The Associate Committee on Agricul­

tural and Forestry Aviation, The National Research Council o f Canada, Ottawa, 1973. 
34. Drummond, A. M., Maybank, J., and West, A. S., Eds., The Report of the Pesticide Study Group 

Subcommittee, Association Committee on Agricultu ra l and Forestry Aviation, National Research 
Cou ncil, Ottawa, Canada, 1975. 

35. Armstrong, J. A., Ed., Proc. Symp. Oper. Safety and Environ. Safety, AFA Tech Report 16, The 
Assocfate Committee on Agricultural a.nd Fore~try Aviation, National Research Council of Canada, 
Oitawa, 1976. 

36. Drummond, A. M ., as cited in Drummond, A. M., Ed., Pesticide Accountancy Workshop, The 
Associate Committee on Agricultural and Forestry Aviation, The National Research Council, Ot­
tawa, Canada, 1975. 

37. Maybank, J., as cited in Drummond, A. M., Ed., Pesticide Accountancy Workshop, The Associate 
Committee on Agricultural and Forestry Aviation, The National Research Council, Ottawa, Canada, 
1975, 41. 

38. Ford, R. E., as cited in Drummond, A. M., Ed., Pesticide Accountancy Workshop, The Associate 
Committee on Agricultural and Forestry Aviation, The National Research Council, Ottawa, Canada, 
(975, 85. 

39. Drummond, A. M., as cited in Drummond, A. M., Ed., Pesticide Accountancy Workshop, The 
Associate Committee on Agricultu ral and Forestry Aviation, The N,uional Research Council. Ot­
tawa, Canada, t975, 67. 

40. Armstrong, J ., as cited in Drummond, A. M .. Ed .• Pesricide Accountancy Works hop, The Associate 
Committee on Agricultural ond Forestry Aviation, The National Research Council , Ottawa. Canada, 
J975, 111. 

41. Fettes, J. J., as cited in Drummond, A. M., Ed., Pesticide Accountancy Workshop, The Associate 
Committee on Agricultt1ral and Forestry Aviation, The National Research Council of Canada, Ot­
tawa, 1975, 120. 

42. Menzies, D.R., as cited in Drummond, A. M., Ed., Pesticide Accountancy Workshop, The Associate 
Committee on Agricu ltu ral and Forestry Aviation, The National Rc,se.irch Council or Canada, Ot· 
tawa, 1975, IZI. 

43. McKinlay, K. S., Brandt, S. A., Morse, P., and Ashford, R., Weed Sci., 20,450, 1972. 
44. McKinlay, K. S., Ashford, R., and Ford, R. J., Weed Sci., 22, 31 , 1974. 
45. Que Hee, S.S. and Sutherland, R. G., Weed Sci,, 23. I 19, 1975. 
46. Yates, W. E. and Akesson, N. B., Proc. 2nd Annu. Con{. Use Agriculwral Chemicals, Davis, Calif., 

January 1963. 
47. Guzman, V. L, Soil Sci. Soc. Fl. Proc., 16, 283, 1956, 
48. Tafuro. A. J., Van Geluwe, J. D., and Curtis, L.B .. Proc. Norllieasc. Weed Control Conf., 1950, 

31. 
49. Williams, C. S. and Bidlack, N. 0., Proc. Norrh Cen1. Weed Control Con/ .. 23, 73. J 968. 
50. Grover, R., Maybank, J., and Yoshida, K., Weed Sci., 20,320. 1972. 
51. Ford, R. E. andFurmidge, C. G. L., Soc. Chem. Jnd. Monogr., 25,417, 1966. 
52. Johnstone, D.R., CIRU Parton Report, No, J 77, 1960. 
53. Jarman, R. T . , Q. J. R. Melero/. Soc .. 82,352, 1956. 
54. Merrington, A. C. and Richardson, E . G., Proc. Phys. Soc., 59, J , I 94 7 
55 . Furmidge, C. G. L., J. Sci. Food Agric., l J, 127, 1962. 
56. Challen, S. B., .I. Pharrn. Pharma.col .. 14, 207, 1962. 
5?. Dikerman, J. J., J. Phys. Colloid Chem., 54,653, 1950. 
58. May,K. R., J. Sci. /nstrum., 22, 187, 1945. 

Bayer EX1026 (Part 2 of 2)



268 The Phenoxyalkanoic Herbicides 

59. May, K. R., J. Sci. Instrum., 27, )28, J 950. 
60. Jarman, R. T . and Kil\&, P. T .• C!RU Ponon Repor, No. l 14. 1956. 
61. Johnstone, D.R., ClRU Por1on Rcporr No. 177, 1960. 
62. Becher, P. and Becher, D., Adv. Chem. Scr., 86. 15, 1969. 
63. Brunskill, R. T., Proc. Br. Weed Control Conf., 2. 593, 1956. 
64. Seymour, K. G., Adv. Chem. Ser., 86, 135. 1969. 
65. Johnstone, D. R., Pesricide Formulations, Van Yalkt'nburg, W .. Ed., Marcel Dekker, New York, 

1973, 343. 
66. Furmidge, C.G.L., J. Col/aid Sci. , 17,309, 1962. 
67. Blackman, G. E., Bruce, R. S., and Holly, K., 1. Exp. Rot., 9(26). 175, 1958. 
68. Furmidge, C,G. L., 1. Sci. FoodAgric.,. 15. 542, 1964. 
69. Sargent, J . A., Annu. Rev. Plane Physiol. , 16, I, 1965. 
70. Mitchell, J. W. and Linder, P. J., Residue Rev., 2., 5J, 1963. 
7 J. Mitch.ell, J. W., Smale, B. C., and Metcalf, R. L., Adv. Pl'st Control Res., 3,359, 1960. 
72. Norris, R. F. and Bukovac, M. J. , Physiol. Plant., 22. 701, 1969. 
73, Hartley, G. S., Sch Br. Weed Conuo/ Conf. Proc., 3, 794, 1966. 
74. Que Hee, S.S. and Sutherland, R. G., Weed Sci., 22, J 13, 1974. 
75. Zimmerman, P. W., Hitchcock, A. E., and Kirkpatrick, H., Proc. Northeast. Weed Control Conf., 

1953.39. 
76. Que Hee, S. S., Sutherland, R. G., McKinlay, K. S., and Saha, J. G., Bui/. Environ. Concam. 

Toxicol., J 3, 284, 197 5. 
77. Que Hee, S. S. and Sutherland, R. G., Weed Sci., .21. I 15, J 973. 
78. Hartley, G. S., Adv. Chem. Ser., 86, 115, 1969. 
79. Nicholson, H.P., Science, 158. 871. 1967. 
80. Risebrough, R. W., Huggett, R. J., Griffin, J. J., and Goldberg, E. D., Science, 159, 1233, 1968. 
81. Elias, L., as cited in Drummond, A. M., Ed. , Pesticide Accountancy Work.shop, The Associate 

Committee on Agricultural and Forestry Aviat.ion, The National Research Council of Canada, Ot­
tawa, 1975 , 13. 

82. Cohen, J.M., Evans. F. L .• and Pinkerton, C., Ill, 37th Annu. Conf. Water Pollut. Control Fed., 
Bal Harbour. Fla .. September 30. 1964. 

83. Weibel, S. R., Weidner, R. B., Christianson, A. G., and Cohen, J. M., 85th Annu. Conf. Am. 
Water Works Assoc., Portland, Ore., June 29, 1965. 

84. Cohen, J.M. and Pinkerton, C., Adv. Chem. Ser.,60, 163, 1966. 
85. Adams, D. F., Jackson, C. M., and Bamesbergcr, W. L., Weeds, 12,280, 1964. 
86. Bamesbcrger, W. L. and Adams, D. F., Adv. Chem. Ser., 60, 219, 1966. 
87. Barnesberger, W. L. and Adams. D. F., 1. Agric. Food Chem., J3. 552, 1965. 
88. Vernetti, J. and Freed, V. H., 2,4-D Volatility Study: Progress Report, Department of Agricultural 

Chemistry, Oregon State University, Corvallis, I 962. 
89. Csaoyi, 0., Munkavedelem, 6(7-9), 36, 1960; Chem. Abstr .. 55. 9741 d, 1961. 
90. Gavri.lova, L. I., Gig. Sanit., 32(6). 69, 1967; Chem. Abs er .. 67, 63191s, 1967. 
91. Lazareva, T. A., Nov. Obi. Prom. Sanit. Khim., 1969, 99; Chl'm. Abscr., 72, 35441h, 1970. 
92. Marth, P. C. and Mitchell, J. W., Bot. Gaz. (Chicago), 110, 632, I 949. 
93. Lazareva, T. A. and Gavrflova, L. L, Gig. Tokslkol. Pestits. Klin. Otravlenii, 1965, 560; Chem. 

Abscr., 65, 20768b, 1966. 
94. Gavrilova, L. I., Tr. Nauch. Kon{. Saratov. Nauch. lssled. lnsc. Se!. Gig .. 3rd, 1969, 122; Chem. 

Abstr., 74, 34354m, 1971. 
95. Farwell, S. 0., Robinson, E., Powell, W. J., and Adams, D. F., J . AiI Pol/uc. Control Assoc. ,26. 

224, 1976. 
96. Farwell, S. 0., Bowes, F. W., and Adams, D. F., Anal. Chem., 48,420, 1976. 
97. Farwell, S. 0., Adams, D. F., Robinson, E., and Peckenpaugh, J. 29th Northwest Regional Meeting. 

of lhe American Chemical Society, Cheney. Wash., June 1974. 

98. Farwell, S. 0. and Adams, D. F., Pacific Northwest Air Pollution Control Association Meeting., 
November 1974. 

99. Reisinger, L. M. and Robinson, E., as cited in Farwell, S. 0., Robinson, E., Powell, W . J., and 
Adams, D. F .. 1. Air Po/Jue. Control Assoc., 26,224, 1976. 

100. Farwell, S. 0., Bowes, F. W., and Adams, D. F., 1. Environ. Sci. Heallh. B12, 71, 1977. 
IOl. Que Hee, S.S., Sutherland, R. G . , and Vetter, M., Environ. Sci. Technol., 9, 62, 1975. 
102. Grover, R. , Chem. Can., 26(7), 36, 1974. 
103. Grover, R., Kerr, L.A., Wallace, K., Yoshida, K., and Maybank, J., J. Environ. Sci. Health, Bil, 

331 , 1976. 
104. Grover, R. and McCashin, B., Pescic. Monit. 1., 8, ~13. 1974. 
105. Grover, R. and Kerr, L.A., J. Environ. Sci. Health, 813, 311, 1978. 

Bayer EX1026 (Part 2 of 2)



I 

I -

Volume I: Chemistry, Analysis, and Environmental Pollution 269 

!06. Stanley, C . W., Barney, J.E., II, Heltoo, M. R., and Yobs, A. R. , Environ. Sci. Technol. , 5, 430, 
1971. 

107. Compton, B., Bazydlo, P. P., and Zweig, G., Field Evaluation of Methods of Collection and Anal­
ysis of Airborne Pesticides. Vol. I , Field Evaluations and Analysis, U.S. NTIS PB214 008, National 
Technical Information Service, Springfield, Va., 1972. 

108. Documentarion of the Threshold Limit Values for Substances in Workroom A ir, 3rd ed., American 
Conference of Government Industrial Hygienists, Cincinnati, Ohio, I 971. 

109. Elias, L., J. Chromatogr. Sci., 13, 178, 1975. 
11 0. Threshold Limit \lalues far Chemical Substances and Physical Agents in the Workroom Environment 

with Intended Changes for 1978. American Conference Government Industrial Hygienists, Cincin· 
nati, 1978 . 

111. Grim, R. E,, Clay Mineralogy, McGrow-Hill, New York, 1968. 
l 12. Hayes, M. H.B., Residue Rev., 32, 131, 1970. 
113. Wolcott, A. R., Pesticides in the Soil, Michigan State University, Easr uinsing, 1971, 12S 
114. De Rose, H. R. and Newman, A. S .. Proc. Soil Sci. Soc. Am., J 2, 222, 1948. 
115. Brown,J. W, andMitohell, J. W., Bot. Gaz. (Chicago),109, 314, 1948 . 
116. Hernandez.., T. P. and Warren, G. F., Proc. Am. Soc. Hortic. Sci., 56,287, 1950. 
117. Audus, L. J., Physiology and Biochemistry of Herbicides, Audus, L. J. , Ed., 1st ed., Academic 

Press, London. I 960. 
I I 8. Eno. C. F. and Popenoe, H., Proc. Soil Sci. Soc. Am., 2S, 533, 1964, 
I 19. Ercegovich, C. D. and Frear, D. E. H., J. Agric. Food Chem., 11, 26, 1964. 
120. Brown, R. F., Jamison, S. E., Pandt, U. K., Penkus, J., White, G. R., and Braendlin, H.P., 1. 

Org. Chem., 29, J46, 1964. 
121. Skujins, J. J .. Soil Biochemistry, McLaren, A. D. and Peterson, G. S., Eds. , Marcel Dekker. New 

York, 1967, 371. 
122. Ahlrichs, J . L., Organic Chemicals in the Soil Environmem. Vol. I. Gming, C. A. I. and Hamaker, 

J. W. , Eds., Marcel Dekker, New York, 1972, 3. 
123. Fleck, E. E. and Haller, H . L. , J. Am. Chem. Soc., 68, 142, 1946. 
124. Smith, A. E., Weed Re,., 12. 364, 1972. 
125. Grover,R., WeedRes., 13,51.1973. 
126. Kilian,M., Zesz. Nauk. Wyzsz. Szk. Roln. Wroclawiv.1 1, 123, 1961 
127. Lykken, L. L., Environmental Toxicology of Pesticides, Matsumura, F . . Boush, G. M., and Misato, 

T .. Eds., Aca.d6mic Press, New York. 1972, 449. 
128. Upchurch, R, P. and Mason, D. 0., Weeds, 10, 9, 1962. 
129. Benson, N. R. and Covey, R. P., Jr.. J, Am. Soc. Horcic. Sci .. 99, 79, 1974. 
130. Suffling, R., Smith, D. W., and Sirons, G. , Weed Res., 14. 301, 1974. 
l3 I. Grover. R. and Smith, A. E., Can. J. Soil Sci., 54, 179, 1974. 
132. Jyothi, V .• University of Michigan Microfilms, Ann Arbor, O rder No. 72-lb, 616; Diss. Abstr. Int. 

B, 32, 6776, 1972. 
133. Kuo, E. C. Y-, University of Michigan Microfilms, Ann Arbor, Order No, 73-21, 315: Oi5s. Abstr. 

Int. 8. 34. 9.52, 1973. 
134. Liu, L. C. andCibes-Viade,H. R., J.Agric. Univ. P. R .. 57, 286,197.3, 
135. Sahu, R., Sci. Cult.,41, 555. 1975. 
136. Helling, C. S. , Soil Sci. Soc, Am. Proc. , 35, 732, 737, 743, 197 I. 
137. Selim, H. M., Mansell, R. S., and Elzeitawy, A., Soil Sci .. 121 , J76, 1976. 
138. Smith, A. E., Weed Res., 16. 19, 1976. 
139. McLaren, A. D , and Seaman, G. Y. F,, Letter 10 editor, Soil Sci. Soc. Am. Proc., 32., 127, 1968. 
1-10. Wilson, R. G., University of Michigan Microfilms, Ann Arbor, Order No, 76,)35; DJSs. Absrr. int. 

B, 36, 3163, 1976. 
141. Bailey, G. W. and White, J. L., Report No. EF-00055, U.S. Public He.11th Service, Washington, D. 

c., 196-1. 
142. Bailey, G. W., White, J. L. and Rolhberg, T. , Soil Sci. Soc. Am. Proc .. 32,222, I 968. 
143. Bolt, G. H. and Warkentin, B. P., Kol/oid-Z., 156, 4 1, 1958. 
144. Frissel, M. J., \lel'sl. Landbouwkd. Ouder., 76, 3. 196l. 
145. Frissel, M. J. and Bolt, G. H., Sqi/ Sci., 94,284, 1962. 
146. Weber, J.B., Perry, P. W., and Upchurch, R . P., Soil Sci. Soc. Am. Proc., 29,678, 1965. 
147. Haque., R. and Sexton, R., J. Colloid Interface Sci., 27,818, 1968. 
148. Aly,O. M. and Faust, S. 0., J.Agric. FoodCht:m., 12,541, 1964. 
149. Harter, R. D. and Ahlrichs, J. L., Soil Sci. Soc. Am. Proc., 33,859. 1969. 
l 50. Corbin, F. T., Upchurch, R. P., and Selman, F. L. , Weed Sci., 19, 233 , I 971 . 
151. Scott, O. C. and Weber, J.B., Soi/Sci., 104,151, 1967 
152. Mortland, M. M., Trans. int. Congr. Soil Sci., 9,691, 1968. 

Bayer EX1026 (Part 2 of 2)



270 The Phenoxyalkanoic Herbicides 

153. Mortland, M. M., Adv. Agron .. 22, 75, 1970. 
)54. Mortland, M. M. and Barake, N., Trans. Int. Congr. Soil Sci .. 8,433, 1964. 
155. Raman, K. V. and Mortland, M. M., Soil Sci. Soc. Am. Proc .. 33,313, 1969. 
156. Mortland, M. M. and Meggitt, W. F. , J. Agric. Food Chem., 14, 126, 1966. 
157. Adams, R. S., Residue Rev., 47, I, 1973. 
158. Lambert, S. M., Porter, P . E .• and Schieferstein, R.H., Weeds, 13, I 85, l965. 
I 59. Lambert, S. M., .!. Agric. Food Chem., I 6, 340, l 96S. 
160. Dobcrty,P.J. andWarren,G.F., WeedRes.,9,20, 1969. 
161. Hance, R. J., Weed Res. , 7, 29, J 967. 
162. Sullivan, J. D., Jr. and Felbeck, G. T., Jr., Soil S ci., 106, 42, 1968. 
163. Helling, C. S., Kearney, P. C., and Alexander, M .. Adv. Agron.,23, 147, 1971-
164. Leopold, A. C., VanScbaik, K. P .• and Neal, N., Weeds, 8, 48, 1960. 
165. Que Hee, S . S. and Sutherland, R. G., Arch. environ. Conram. Toxicol., 8, 247,1979, 
166. Bailey, G. W. and White, J. L., Residue Rev., 32,29, l970. 
167. Bailey, G. W. and Wh:ile , J. L., .f.Agric. Food Chem., 12,324, 1964. 
168. Kunze, G. W.,Pcsticides and Their Effects on Soils and Water, A.S-A. Spec. Pub!. No. 8, Madison, 

Wis. , I 966, 49. 
I 69. Aldrich, R. 1., .!, Agl'ic. Food Chem .• I, 257, I 953. 
170. Adams, Jr.. R. S. , Proc. TraceSubst. Environ. Health,5. 81 , 1972. 
J71. Bertagna,P .. Bull. W.H.0 .. 20,861, 1959. 
172. Knight, B. A. 0 ., Coutts, J., and Tomlinson, T. E., Sorption and Transport Processes in Soils. Soc. 

Chem. Ind. Monogr. No. 37, London, 1970, 5.4. 
173. Osbergy, J. M.,Sarptian and Tran_~port Processes in Soils, Soc, Chem. lnd. Monogr. No. 37, Lon• 

don, 1970, 63. 
174. Sheets, T . J. and Danielson, L. L., The Nature and Fate of Chemicals Applied 10 Soils, Plants and 

Animals. ARS 20--9, 1960, 170. 
175 . White, J. L. and Mortland, M. M ., Pesticides in the Soil: Ecology, Degradalion and Movemenc, 

Proc. Int. Symp. Mich. State Univ., East Lansing, 1970, 95. 
176. Norman, A.G. and Newman, A. S., Proc. Northeast. Weed Concrol Conf., 1950, 7. 
177. Barnett, A. P., Hauser, E.W., White, A. W., and Holladay, J. H., Weeds, 15, 133. 1967. 
178. Coffey, D. L. and Warren, G . F., Weed Sci., I 7. I 6, I 969. 

179, Eshel, Y. and Warren, G . F., Weeds, 15, J 15, 1967. 
180. Ogle, R. E. and Warren, G. P .. Weeds, 3,257, 1954. 
181. Hartley, G. S., Physiology and Biochemistry of Herbicides, Aud us, L. J ., Ed., 1st ed . . Academic 

Press, New York, 1964. 
182. Lindstrom, F . T ., Boersma, L, and Gardiner, H .. Soll Sci., 106. 107, 1968. 
183. King, P. B. and McCarty, P. L. , Soil Sci., 106,248, 1968. 
184. Stanifonh, D. W. , Stein, P.R., and Bakke, A. L., North Central Weed Control Canf .. 1950, 278. 
l 85. Stein, P. R. and Stao.i.forth, D. W .• North Central Weed Control Con{., I 950. 277. 
186. Craft, A. S., Hilgardia, 19,141 .1949. 
187. Krics, 0. H., Bot. Caz. (Chicago), 108,5 10, 1947. 
188: Nutman, P. S., Thornton, H. G., and Quastel, J . H. , Nature (London), 155,498, l 945. 
189. Elrick, D. E. and MacLean, A.H. , Nawre(London),212, 102, 1966. 
190. Leistra, M., Residue Rev., 49, 87. 1973. 
191. Haque, R. and Freed, V. H., Residue Rev., 52, 89, 1974. 
192. Spencer, W. F., Farmer, W. J. , and Cliath, M. M., ResidueRev.,49, I, 1973. 
193. lgu~ K., Farmer, W. J., Spencer, W. F., and Martin, J . P. , Soi/Sci. Soc. Am. Proc.,36, 447, 1972. 

194. Cliath, M. M. and Spencer, W . F., Environ. Sci. Technol., 6,910, 1972. 
195. Caro, J. H., Taylor, A. W., and Lemon, E. R., Proc. lnt. Symp. !dent. Measure. Environ. Po//u-

tams. O uawa, Canada, J 97 I, 72. 
196. Letey, J. and Oddson, J . K .• Org. Chem. Soil Envfron .. t ,399, 1972, 
197. Spencer, W. F. and Cliath, M. M., J. Environ. Qual.,2, 284, \973. 
198. Hamaker, J . W., Organic Chemicals in ihe Soil Environment. Goring, C.A. I. and Hamaker, .I. W ., 

Eds., Marcel Dekker, New York, 1972, 341. 
199. Ehlers, W., Letey, J., Spencer, W. F., and Farmer, W. J,, Soi/ Sci. Soc. Am. Proc .. 33, 501.505, 

1969. 
200. McLane, S. R., Proc. Northeast. Weed Control Conf .. 11, 319, 1963. 
201. Allen, W . W., Proc. South. WeedContro/ Conf.,3, 7, 1950. 
202. Day, B. E., Johnson, E .• and Dewlen, J. L., Hilgardia, 28, 255, 1959. 
203. Day, D. E., Jordan, L. S ., and Russell, R. C., Res. Rep. West. Weed Control Conf., 19, 87, 1962. 
204, O'Conner, G. A. and Anderson, J. U., Soil Sci. Sac. Am. Proc., 38,433, 1974. 
205. Knyr, L L. and Sokolov, M. S., Khim. Se/sk. Khaz., 12, 218, 1974; Chem. Absl.r., 81, 59099q, 

1974. 

Bayer EX1026 (Part 2 of 2)



Volume I: Chemistry, Analysis, and Environmencal Pollution 271 

206. Freed, V. H. and Witt, J .M., Adv. Chem. Ser .. 86, 70, 1969. 
207. Gerakis, P .A. and Sficas, A.G., Residue Rev., 52, 69, 1974, 
208. Synek, M., Tibenska, M., and Veresikova, M., Bra/isl. Lek. Listy, 59, 203 , 1973; Chem. Abstr., 81, 

46263p, ! 974. 
209. Davis, G. 0., University of Michigan Microfilms, Ann Arbor. Order No. 74- 11.240. Diss. Abstr. 

Int. B, 34, 5285, 1974. 
210. Moluzinsk.ii, N. F. and Zvorykina, L.B., Zasch. Rast. (Moscow), 3, 51 , 1974; Chem. Abstr., 31, 

86692.i, I 974. 
211. Burcar, P. J., Wershaw, R., Goldberg, M. C., and Kahn, L., Anal. Insrrum. ,4, 215, 1966. 
212. Bovey, R. W. and Baur, J. R., Bull. Environ. Con/am. ToxicoL, 8,229, 1972. 
2 13. Horowitz, M., PesUcide Chemistry: Proceedings, Int. Congr. Pestic. Chem., Vol. 6. 2nd ed., Tahori. 

A. S. , Ed., Gordon & Breach, New York, 1972, 101. 
214. Foster, R. K. and McKercher, R. B., Soil Biol. Biochem., 5,333, 1973. 
215. Byast, T. H.andHance,R. J ., Bull. Environ. Contam. Toxicol., 14, 7 1, 1975. 
216. Altom,J.D.andStritzke, J .F., WeedSci. , 21,556, 1973. 
217. Kostowska, B. and Sadowski, J .• Pamiet. Pulawski. 62, 173, 1975; Chem. Abstr., 84. 39623q, 1976. 
2 18. Lutz, J. F., Byers , G. E., and Sheets, T. J., J. Environ. Qusl., 2,485. I 973. 
2 19. Sweet, R. D., Feddema, L . , Crabtree, G., and Bales, D .• Proc. Northeast. Weed Control Conf., 

1958, 17. 
220. Lavy, T. L., Roeth, F. W., and Fenster, C.R., J . Environ. Qua/., 2, !32, 1973. 
22J. Keyser, H. R., Proc. 12th North Central Weed Control Cont,, 1955, 30. 
222. Edwards, C . A., Pure App/. Chem., 42, 39, 1975. 
223. Saive, R., Ann. Gembloux, 80(2), 7 l, 1974. 
224. Voevodfn, A. V .,Zashch. Rast. (Moscow), 16(8), 24, J 97L; Chem. Abstr., 16, 68995c, 1972. 
225. Diaz-Colon, J. D. and Bovey, R. W., Tex. Agric. Bxp. Stn . Misc. Pub/. , MP-1303, 1, 1976. 
226. Davis, F. S., A/ChE Symp. Ser., 69, (129), 269, 1973. 
227. Edwards, C. A., Chem. Ind. (london), 1974, 185, 
228. Bailey, G. W ., Swank, R.R., Jr. , and Nicholson. H . D., J. Environ. Qua/., 3, 9S, 1974. 
229. Loos, M.A., Degradation of Herbicides, Kearney, P . C, and Kaufman, D. D., Eds., Marcel Dekker. 

New York, 1969, 79. 
230. Kearney, P. C., Woolson, E. A .. Plirnmer, J . R. , and lsensee, A. R., Residu~ Rev., 29, 137, 1969. 
231. Foy. C. L. and Bingham, S. W., Residue Rev., 29, 105, 1969. 
23'2. Trlchell, H. L., Morton, H. L., and Merkle, M. G . , Weeds, 16, 447, 1968. 
233. Lange, A . H., Proc. West Weed Control Conf .. 1967, 30. 
234. Lucas, 6. H. and Hammer, C. L., Science, 105, 340, 1967. 
235. Arie, H . P., Leonard. 0 . A., and Harris, V. C., Science, 107,247, 1948. 
236. Ahrens, J .P., Proc. Norcheast. Weed Control Conf . . 19, 364, J66, 1965. 
237. Nicholson, 8. P., Agrfculwral Practices and Water Quality, l01va Sta\e Universily. Ames, 1970. 
238. Nicolson, H.P. and Hill, D. W., Relationship of Agriculture to Soil anr.1 Water Po/111/ion, Cornell 

University Conference AgricullUral Was1e Management, Cornell University, l1haca. N. Y ., 1970. 17 1. 
239. Li, M. Y ., Fleck, R. A., and Reese, C. D ., Pesticide Study Series 6, Environmental Protection 

Agency, Office of Water Programs, Washington, D .C., 1972. 
240. Nicolson, H.P. and Thoman, J. R., Research in Pesticides, C hichester. C. 0 .. Ed., Academic Press, 

New York, 1965, 181. 
241. Timmer, F. L., Frank, P.A., and Demint, R. J., Agriculwral Practices and Water Quality, Iowa 

State University, A mes, 1970, 194. 
242. Bailey, T. E. and Hannum, J, R., J. Sa nit. Eng. Div. Proc. Am. Soc. Civ. Eng., 93,(SA5), 27, l 967, 
243. Huang, J. C., J. Water Pollut. Control Fed .. 43, 1739, 1971. 
244. Hemmert, R. 8 ., Jr. a.nd Faust, S. D., Residue Rev., 29. 191. 1969. 
245. Robson, T. 0., Proc. 9th Br. Weed Control Covf., 1968, 404. 
246. Rainwater, F. H., l-{ydrologic Investigations Atlas f-lA-61, U.S . Geological Survey, Washington, 

D.C., 1962. 
247. Dufer, C. N. and Becker, E., J. Am. Water WorksAssoc.,56, 237. 1964. 
248. Anon., Standard Methods /'or the Examination of Water /lJld Wss1ewa1er. 13th ed. , American Public 

Health Association, New York, 1971. 
249. Hartung, R. and Klingler, G. W., Environ. Sci. Tedmol., 4,407, 1970. 
250. Wershaw, R. L., Burcar-, P . J ., and Goldberg, M. C., Environ. Sci. Technol., 3, 27 1, 1969. 
25 J. Birge, E. A. and Juday, C .• Ecol. Monogr., 4, 440, 1934, 
252. Black, A. P. and Christman, R. F., 1. Am. Water Works Assoc .• 55, 753, 1963. 
253. Hem, J.C., Water Supply Paper, 1473, U.S. Geological Survey, Washington, D.C., 1970. 
254. Anon., Environmental Quality, Annu. Rep, Coun. Envi ron. Qua!. U.S. Oovcrnmcnt Printing Office, 

Washington, 0.C., 1970. 

Bayer EX1026 (Part 2 of 2)



272 The Phenoxyalkanoic Herbicides 

255. Weber, J.B., Ad11. Chem. Ser., 111 ,551 !972. 
256. Zepp, R. G., Wolfe, N. L. 1 Gordon, J. A., and Baughman, G. L. , Environ. Sci. Tec/1110/., 9, ! 144, 

1975, 
257. Crosby, D. G. and Tutass, R. 0., J. Agric. Food Chem., 14,596, 1966. 
258. Coblentz, W. W.andStair, R., J . Res. Nall. Bur. Stand .. 33, 21, 1944. 
259. Bener, P. , The Biologic Effects of Ultra11iolec Radiation, I lrbach. f .. Ed,, Pergamon Press, New 

York, 1969, 351. 
260. Koller, L. R. , Ultraviolet Radiation. John Wiley& Sons, New York, 1965 , 125. 
261. Cutchis, P ., Science, l 84, lJ, I 974. 
262. Struif, B., Weil, L., and Quentin, K. E., Vom Wasser,45. 53, 1975. 
263, Shcberbakov. Y. A. and Poluboyarinova, I. V .. Eksp. Vod. Toksikol. Mater. Vses Simp. 1st. Andru-

shaitis, G. P .. Ed .. Zinatne, Riga, Latvia, SSR, 1970, 32; Chem. Absu., 76, 2170ip, 1972. 
264. Butler, G. L., Deason, T. R., and O'Kelly, 1. C., Bull. Environ, Concam. Toxicol., J3, 149, 1975, 
265, Truchelut, G. B. and Williams, R. C., Proc. South. Weed Conf., 13, 218, 1960. 
266. Okey, R. W. and Bogan, R. A., J. Water Pollut. Control Fed .. 37, 692, 1965. 
267. Schwartz, H.J. , J. Water Po/Jut. Control Fed., 39, 1701, 1967. 
268. DeMarco, 1., Symons, J.M., and Robeck, G. G., J. Am. Waler Works Assoc .. 59,965, 1967. 
269. Hemmen, R. B .. Jr .• University of Michigan Microfilms, Ann Arbor, Order No. 72-17,846; Diss. 

AbsLr. Int. 8, 32, 7097, l 972. 
270. Robson, T. 0., Ergebnisse des 2: Int. Wasserp[Janzen-Symp., European Weed Research Council. 

Geneva, 1967, 141. 
271. Hattula, M. Land Raisanen. S., Bull. Environ. Contam. Toxicol .. 16,355, 1976. 
272. Watson, J. R., WarerRes., II, 153, 1977. 
273. Anon.,The Herbicide 2,4-D. U.S. Environmental Protection Agency, Office l.lf Pesticide Programs, 

Washington, D. C., 1974 (unpublished dat-a). 
274. Swenson, H. A., Proc. Soc. Waler Treat. Exam., 11, 84, 1962. 
275. Walker, T. R., Geo/. Soc. Am. Bull., n, 1961 . 
276. Westlake, D. L. and Gunther, F. A., Adv. Chem. Ser .. 60, 110, 1966. 
277. Winston, A. W. and Ritty, D. M., Proc. Norcheasr, Weed Control Conf.. 15,396.196). 
278. Mitchell, L. W., Adv. Chem. Ser., 60, I, 1966. 
279. Aldhous, J. R., Weed Res .. 7. 239, 1967. 
280. Davis, E. A. and lngebo, P.A., Res. Progr. Rep. West. Soc. Weed Sci., 1970, 22. 
281. Marston, R. B., Scbults, D. W ., Shiroyama, T., and Snyder, V ., Peslic. Monit. J., 2, 123, 1968. 
282. Norris, L.A., Newton, M., and Zavitkovski, J ., Res. Progr. Rep. West. Soc. Weed Control Conr., 

1964,33. 
283. Frank, P.A., Demint, R . J . , and Comes, R. D., Weed Sci., 18,687. 1970. 
284. Frank, P .A., Adv. C/Jem. Ser., 111, 135, 1972. 
285. Cochrane, D.R .• Pope, J . D., Jr., Nicholson, H.P., and Bailey, G. W., \Vacer Resour. Res. , 3,517, 

1967. 
286. Frank, P.A. and Comes, R. D., Weeds. 15,210, 1967. 
287. Christopher, G. S.: as cited in Mitche.11, L. E., Adv. Chem. Scr.,60, I, 1966, 
288. Smith, G. E. and Isom, B. G .. Pestic. Monit. J .• I, 16, 1967. 
289. Demint, R. J., Frank, P. A.,andComes, R. D., Weed Sci., 18,439, 1970. 
290. Bartley, T. R., as cited in Frank, P.A., Adv. Chem.Ser., 111 , 135, 1972. 
291. Sears, H. S. and Meehan, W.R., Pescic. Monit. J., 5, 213, l 97 L 
292. Evans, J. 0. and Duseja, D.R., U.S. NTIS, No. 222283/ 4, Govr. Rep. Announce. (U.S.), 73 (19)1 

130, 1973. 
293. Young, A. L .. U.S. NTIS, No. 780517/ 9, Gov. Rep. Announce. (U.S.), 74 (16), 40, 1974. 
294. Young, A. L., Thalken, C. E., and Ward, W. E. , Technical Rep. No. AFATL-TR-75-142, U.S. Air 

Force Armament Lab. , Eglin Air Force Base, Florida, J975. 
295. Young, A. L., Thal.ken, C. E., Arnold, E. L., Cupello, J . M., and Cockerham, L. G., Technical 

Rep. No. USAFA-TR-76-18, Departmenl Chemistry Biology, Science, U.S. Air Force Academy, Col­
orado Springs, 1976. 

296. Bruns, V. F., Carlile, B. L., and Kelley, A. D., U.S. Dep. Agric. Tech. Bu/1 .. 1476, 1973. 
297. Tbaraldsen, J. , Nor. Vet.-Tidsskr., 85, 277, 1973; Chem. Abst1., 80, 23452q, 1974. 
298. Schultz, D. P. and Harman, P. D., Peg1ic. Monit.J., 8, 173, 1974, 
299. Bovey, R. W., Burnett, E., Richardson, C., Merkle, M_ 0., Baur, J. R., and Knisel, W. G., J. 

Environ. Qua/., 3, 6 1, 1974. 
300. Bovey, R. W., Burnell, E., Richardson, C., "Baur, J. R .. Merkle, M. G .. and Kissel, D. E., J. Envi­

ron. Qua/.,4, 103, 1975. 
301. Soderquist, C. J. and Crosby, D. G., Pestic. Sci.,61 17, 1975. 
302. Akimov,A. M. and Babich, A. l., Gig, Sanir., 1975 (6), J 10: Chem. Absir., 83, 9J99lb, 1975. 

Bayer EX1026 (Part 2 of 2)



\rolume I: Chemistry, Analysis, and Environmental Pollution 273 

303_ White, Jr., A. W., Asmussen, L. B., Hauser, E.W., and Turnbull, J. W., J. Environ. Qua/., 5, 
487, 1976. 

304. Asmussen, L. E., White, A. W., Jr., Hauser, B. W .. and Sheridan, J. M. , J. Environ. Qua/., 6. 
159, 1971. 

305. Averitt, W _ K., as cited in Frank, P. A., Adv. C/lem. Ser., 111, 135, 1972 and Annu. Rep. Control 
Alligator Weed :and O ther Aqua1ic Planis 1967. 325. 

306. Anon., ARS Re1por1 81-32, U.S. Department of Agriculture, Washington, D.C.. 1969, 
307. Hindin, E., May, D.S., and Dunstan, G. H., Residue Rev., 7, 130, 1964. 
308. Dunstan, G. H., Proctor, D. E. and Hindin, E., Proc. Pacific North West (ndustrial Waste CoM., 

1963. 
309. Thoman. J. R. and Nicholson, H. P., Wescern Resource Papers, Water Development Utilizatfon 

Conservation, University of Colorado Press , Boulder, 1963. 2I . 
310. Manigold, D. B .. and Schulze, J. A .• Pestic. J\ifonit. J. , 3. 124, 1969. 
311. Harvey, W. E., 23rd, Annu. Proc. Calif. Weed Con{., 1971 , 68. 
3 12. Hiatt, V ., Drinking Waler and Health, Safe Drinking Commiuee Water Commmee, Nationa l Acad­

emy of Science, Washington. D.C., 1977, 494. 
313. Anon. , U.S. Environmental Protection Agency, Preliminary Assessment of Suspected Carcinogens 

in Drinking Wat:er, EPA-560/ 4-75-005, PB-250961, Washington, D.C., l 974. 
314. Johnson, R. l.., Gehring, P. J., Kociba, R. J .. and Schwetz, B. A., Environ. Health Perspect. , S, 

171, 1973. 
315. Anon., Organic Chemicals Identified in Drinking Waler in the U.S., U.S. Environmental Protection 

Agency, Health Effects Research l..aboratory, Cincinnati, 1976. 
316. Simpkins, N.J. and Peake, A. A .. Report on the Chemistry and Biochemistry of Herbicides, Regina, 

Saskatchewan, )March 5-6, 1973. Available From the Canadian Department of Agriculture, Regina, 
Saskatchewan. 

317. Lee Choi, K., Que Hee, S. S .• and Sutherland, R. G., J. Environ. Sci. Health B, B 11, J 7 5, 1976. 
318. Schultz, D. P. and Whitney, Ei. W., Pestic. Monit. J .. 7, 146, 1974. 
319. Younger, R.R., Proc. Norcheasc. Weed Control Con!,. JJ, 322, 1959. 
320. Pierce, M., Pro,e. Northeast. Weed Control Con[., 15,545. 1961. 
321. Walker, T . R., Bulletin 72, Geological Society of America. Boulder, Colo. , 1961 . 
322. Walton, G ., Public Health Asp~cts of the Conta mination o[ Ground Water in the South Platte River 

Basin in the Vicinity of Henderson, Coto., U.S. Public H6alth Service, Washington. D. C., 1959. 
323. Walton, G., Public Health Aspec1s of the Concamimition of Ground Wa ter in the Vicini1y of Derby, 

Colo .• Roherl A .. Taft Sanitary Engineering Center, Cincinnati, 1961. 
324. Goerlitz, D. F'. and Lamar, W. L. , U .S. Geological Survey Open File Rep .. Washing1on, D. C., 

1965. 
325. Pope, J. D ., Jr., Cox, W. S. , lll, and Grzenda, A. R., Adv. Chem. Ser.,60, 200, 1966. 
316. Suffet, I. H., J. Agric. Food Chem., 21,591, 1973. 
327. Anon., Ambient Wate r Q uality Criteria, C riteria and Standards Division Office of Water Ph11ming 

and Standards, U.S. Enviro nmemal Prolection Ag.:ncy, Washington, D. C., 1979. 
328. Faust, S . D., J. Am. Water Works Assoc., 56,267, 1964. 
329. Bond, R. G .• Sitraub, C. P., and Prober, R., Eds., CR C Handbook of Environmemal Control, Vol. 

4, CRC Press, 13:oca Raton, Fla., 1974. 542. 
330. Bailey,G. E .. Thruston, A. D., Jr. , Pope, J. D .• and Cochrane, D . R., Weed Sci., 18,413, 1970. 
331. Aly,O. M. and Faust,S.D., J. Am. Water Work,,-Assoc.,57, 221. 1965. 
332. Bond, R. G., Straub, C. P ., and Prober, R., Eds. , CRC Handbook of Environmencal Coauol, Vol. 

4, CRC Press, E:ocn Raton, Fla., 1974, 543,545. 
333. Bond, R. G., Straub, C. P., and Prober, K., Eds., CRC Hane/book or Environmental Control, Vol. 

4, C RC Prl!Ss, E:oca Raton, Fla .. 1974. 546, 547. 
334. Bond, R. G., St:raub, C. P., and Prober, R., Eds., CRC Handbook of Environmental Control, CR C 

Press, Boca Raton, Fla., 1974, 550. 
335. Renberg, L., A,7a/. Chem .. 46,459, 1974. 
336. Edward, V. H. ;md Schubert, P . F., J. Am. Water Works A ssoc., 66, 610, 1974. 
337. Aly, 0. M. and Faust, S. D., Purdue Univ. Eng. Bull., Ext Ser. No. J 15, 6, 1963. 
338_ Buescher, C . A ., Dougherty, J . H. , and Skclnde, R. T ., J. IVacer Po/Jut. Control Red_, 36, 1005, 

1964. 
339. Moffett, J . O.a.ndMorton, H. L., A m. Bee.! .. 111,382, 1971. 
340. Morion, H. L., Moffett, J. 0., and Martin, R. D., EnYiron. Entomol., 3. !108. 1974. 
341. Anon .• Fed. Regist.,37(121), 12310, 1972. 
342. Anon., Fed. Regist.,40(51), 11990, 1975. 
343. Schultz, D . P. and Harman, P. D. , U.S. NT!S, PB Rep., No. 235457196A, Gov. Rep. Announce. 

(U.S.), 74(23), <H, 1974, 

Bayer EX1026 (Part 2 of 2)



274 The Phenoxyalkanoic Herbicides 

344. Anon., Canadian Drinking Wa1er S1andards and Objec1ives - 1968, Department of National Health 
and Welfare,Ottawa, Oc1ober, 1969. 

345. Crowell, T. F., Stcenis, J. H., and Sincock, J. L., Proc. Weed Con/., I 8 1 485, 1967. 
346. Stcenis, J. H., Fish Wild/. Serv. Gire., 226, JO, 1965. 
347. Thomas, M. L. J. and Duffy, J. R., Proc. Northeast. Weed Coner. Con( .. 22, 186, !968. 
348. Rawls, C. JC. , Proc. Weed Con(., !9, 397, 1966. 
349. Faust, S. D., Ed., Adv. Chem. Ser.. JI I, I 972. 
350. Paris, D. F. and Lewis, D. L., Residue Rev.,45, 95, 1973. 
35 l. Safe Drinking Commiuee, Drinkin& Water and Health, National Academy of Science, Washington, 

D.C., 1977. 
352. Allebone, J .E., Hamilton, R. J., and Ravenscroft, B., Environment. Chem .. J , 160, 1975. 
353. Brooker, M. P. and Edwards, R. W., Warcr Res., 9, 1, 1975. 
354. Chesters, G. and Konrad, J. G., Bioscience, 21, 565, I 97 I. 
355. Faust, S. D. and Suffet, I. H ., Water and Water Pollution Handbook, Vol. 3, Ciaccio, L.. Ed., 

Marcel Dekker, New York, 1972, 1249. 
356. MuUison, W.R., Weed Sci., I 8, 738, J 970. 
357. Kenaga, E. E. , Down Earth, 30, 19, I 974. 
358. Council for Agricultural Science and Technology, Weed SC'i., 23, 253, I 97S. 
359. Finlayson, D. G. and Maccarthy, H. R., Environmental Pollucion Pesticides, Edwards, C. A., Ed .. 

Plenum Press, London, I 973, 57. 
360. Nelson, D. C., Smith, R. H., Klosterman, H. J ., and Quraishi, M. S., Am. Potato J., 48, 366. !97 J. 
361. Ivanstov, N. K., Tr. Vdikoluk. Sk. Inst., 23, 25, 1972; Chem. Abstr., 81, 131482d, 1974. 
362. Winnett, G., Helrich, K., Menzer. R. E., Linscott, D. L., Bourke, J.B., and White-Stevens, R.H., 

NJ. AJ!ric.. Exp. Stn. Bull., 834, 1973. 
363. 6rmolenkov, V. V. and Slizbevslcaya, I. A., Tr. Beloruss. Skh. Akad., 113, 75, 1973; Chem. Absrr., 

81, J504J9m, 1974. 
364. Chopra, S, L., Nandra, K. S., and Kamari, S .• .r. Res. PunjabAgric. Univ., 10, 199, 1973. 
365. Fedorova, L. M., Volcbonok, M. G., and Zubtsov, A. A., Tr. Vzb. Nauchno-lssled. Inst. Sanit. 

Gig. Propzabol. , 8, 70, 1974; Chem. Abstr . . 84, 140080k, J976. 
366. Cbmil, V. D., Vopr. Pitan., 6, 70, 1975; Chem. Abstr., 84, 72710p, 1976. 
367. Fedorova, L. M., .Belova, R. S., Timofeeva, T. A., Volchonok, M. G., and Zubtsov, A. A., Biol. 

Akt. Veshchestva Rastenievod . . Zhivornovod. Med., Babin, Y. A., Ed., Sarat-Skh Inst.: Saratov, 
USSR, 1975, 63; Chem. Abstr., 86, I 84224f, 1977. 

368. Mukula, J., Siltanen, H., Rosenberg, C., Idanpaan-Heikkila, J., and Lulluklca, R., Kem.-Kemi .. 2, 
455, 1975; Chem. Abstr., 84, 700362, 1976. 

369. Pleshakov, V. I. and Serov, V. M., Veterinariya (Mosco w), 7, 90, 1975; Chem. Abstr . . 83, 202515w, 
1975. 

370. Anpalov, V. A. and Mostovoi, M. t., Khim. Selsk. Khoz., 14, 36, .1976; Chem.Abstr., 86, 385 l 8p, 
1977. 

371. Bristol, D., Natl. Bur. Stp.nd. (U.S.)Spec. Pub/.,422, 737, 1976. 
372. Love, J. L. and Donnelly, R. G. C., N.Z. J. Exp. Agric .• 4, 369, 1976. 
373. Singh, G., Rippon, L. E., and Gilbert, W. S., Aust. J. Exp. Agric. Anim, Husb .. 17(84), 167, 1977. 
374. Advisory Commiuee on 2,4.5-T Report 10 the Administrator of the Environmental Protection 

Agency, Washington, D.C., 1971. 
375. U.S. Environmental Protection Agency, 2-(2,4,5-Trichlotophenoxy) propionic Acid, Silvex-Suspect 

Chemical Review, Office of Pesticide Programs, Washington, D.C., 1975 (unpublished data}. 
376. Smith, D. C., Leduc, R., and Tremblay, L., Pestic. Sci., 6, 75, 1975. 
377. Anon., Fed. Regist .• 39(240), 43292, 1974. 
378. Anon., Fed. Regist..41(55), 11483, 1976. 
379. Anon .• Fed. Regisr .• 37(121), 12311, 1972. 
380. FAO/WHO, Evaluation of Some Pesticide Residues in Food, FAO/AGP, 1970/M/ 12./I; WHO/ 

Food Add./7 l.42, WHO. Geneva. 
381. PAO/WHO, 1971 Evaluations of Some Pesticide Residues in Food, WHO Pesticide Residu~s Series 

No, I, WHO, Geneva, 1972, 94. 

382. Edwards, C. A., Ed., Environmental Pollurion of Pesticides, Plenum Press, London, England, 1973. 
383. Westing, A. H .. Ecological Con.~equences of rhe Second Indochina War, Almqvist and Wiksell, 

Stockholm, 1976. 
384. Baughman, R. and Meselson, M., Environ. Health Perspect., 5, 27, 1973. 
385. Meselson, M. S., Westing, A.H., and Constable, J. D., U.S. Congr. Rec .. 118, 6807, 1972. 
386. Cutting, R. T., Phuoc, T. H., Ballo, J.M .• l3eneson, M. W .. and Evans, C. H., Congenital Malfor­

mations, Hydatidiform Moles and Stillbirths in the Republic of Vietnam, 1960-1969, U.S. Depart­
ment of Defense, Washington, O.C., 1970. 

Bayer EX1026 (Part 2 of 2)



Volume I: Chemistry, Analysis, and Environmental Pollution 275 

.387. Lang, A., Thoi, L. V., j,berg, E., Bethel, J. S., Blackman, G. E., Chandler, R. F., Jr., Drew, W. 
B .• Fraser, F. C., Fryer. L D., Oo!ley, F. B., 1r .. Ho, P. H., Kunstadter, P., Leighton, A. H., 
Odum, H. T., Richards, P. W., Tschirley, F. H., and Zinke, P. J., Effects of Herbicides in South 
Vremam. Summary and Conclusions, National Academy of Sciences, Washington, D.C. , 1974. 

388. Rose, H. A. and Rose, S. P.R .. Science, 177, 7·10, 1972. 
389. Tung, T. T., An, T. T ., Tarn, N. D .. Phiet, P. H., Bang, N. N., Bach, T. T., van Son, H., and 

Son, K. D., Chirurgie, 99,427, 1973. 
390. Chipman, M., Lett. Sci., 180, 1075, 1973. 
391 . Shapley, D., Science, 180, 1075, 1973. 
392. Shapley, D., Science, 180,185, 1973. 
393. Shapley, D., Science, 180, 43, 1973. 
394. Shapley, D., Science, 183, 1177, 1974. 
395. Thimann, K. V., Lett. Sci., 185,207, 1974. 
396. Harrington, J. F., Lei/. Sci .. 180, 1320. 1973. 
397. Kundstadter, P ., Letr. Sci., 185 , 1075, 1974. 
398. Courtney, K. D. , Gaylor, D. W., Hogan, M. D., Falk, H. L., Bates, R.R., and Mitchell,!., Science, 

168, 864, 1970. 
399. Huff, J.E. and Wassam, J. S., Int. J. Environ. Stud .. 6, IJ, 1974. 
400. Helling, C. S., lsensee, A. R.., Woolson,£!. A., Ensor, P. D. J,

7
Jones, 0. E., Plimmer, J. R., and 

Kearpey, P. C ., J, En viro11. Qual.,2, 171, 1973, 

401. U.S. Senate; Effects or 2,4,5-T on Man and the Environment, Committee on Commerce, Subcom­
mittee on Energy, Natural Resourtes and the Environment, Hearings April 7 and 15, 1970, Serial 
91-60. U.S. Government Printing Office, Washington, D.C., 1970. 

402. Anon., U.S. Department of Agriculture, Pesticide Regulations Division PR 70-1, April 20, 1975, 
U.S. Depanment of Agriculture, l 970. 

403. Anon., U.S. Department or Agriculture, Pesticide Regulations Division PR 70-13, May I , 1970, U.S. 
Department of Agriculture, 1970. 

404. Aaronson, T,, Environment, 13(7), 1 1, 1971. 
405. Anon., U.S. Fed. Regist .. 36(155), 14777, 197J. 
406. Anon., U.S. Fed. Regin., 38(141), 19859, 1973. 
407. Anon., Dioxin lmplementatfon Plan, Washington, U.S. Environmental Prorec:1\on Agency, Wash­

ington, D.C., March 1975. 
408. Anon .• Memorandum of Meeting, Washington. D.C., March 2,4,5-T/ Dioxin~; Analytical Collabo­

rators, June 15, 1976, U.S. Environmental Protection Agency, Washington. D.C .. 1976. 
409,. Anon., The Phenoxy Herbicides, Report No. 39, Council for Agricultural Scienc~s and 1 echnology, 

Department of J\gror1omy. Iowa State University, Ames, l 975. 
410. Anon. , Chem. Eng. News, Sept. I l , 1978. 18. 
411. Bevenue, A. and Kawano, Y., Residue Rev., 35, 103. 1971. 
412. Commoner, B. and Scott, R. E., U.S. Air Force Sl\ldies on the Srability and Ecological EHec1s or 

TCDD: An Evaluation Relative to the Acddental Disseminatio n or TCDD at Sevcso, Italy, A Con­
tribution to the DioX,in information Project, Scientists' Institute for Public Information, November 
1976. 

4J3, Carter, C. D., Kimbrough, R, D., Liddle, J . A., Cline, R. E., Zack, M. M ., Jr .. Barthel, W. F., 
Koehler, R. E-.. and Phillips, P. B., Science, 188, 738, I 975. 

414. Kimbrough, R. D., Carter, C . D., Liddle, J . A .. Cline, R. E .. and Phillips, P. E .• Arch. Environ. 
Health,J2, 71. 1977. 

415. Shea, K. P. and Lindler. B., 6nvironmenc, 17(6). 12, 1975. 
416. Rawls, R. L. and O'Sullivan, D. A., Chem. E11g. News,.54(35), 27, 28. 33, 35, 1976. 
417. Firestone, D., Repon of the United Slates Italian Scientific Meeting on the Seve,o Problem, Septem­

ber 16, 1976, U.S. Food and Drug Administration, Washington, D.C., 1976. 
418. SuUam, E. and Parks, M., The Chemical Cloud £hat Fell on Seveso. (review and selected translations 

from the llalian Press. July JO, 1976 through September IO, 1976). R. Carson Trust for the Living 
tnvironment, Inc., Washington. D.C., 1976. 

419. Walsh, J., Science, 197, 1064, 1977. 
420. Crosby, D. G. and Wong, A. S., Science, l\15, I 337, 1977. 
42J . Crosby, D. G., Wong, A. S., Plimmer, J. R., and Woolson, E. A., Sciem:e, 173, 748, 1971 
422. Davis, M. S., N . Y. Times Magazine, October 10, 20-22, 26-38, 1976. 
423. Hay, A., Nature(London), 262,636, 1976. 
424. Hay, A., Nature(London), 263,538, 1976. 
425. Hay, A., Nalllre(London),265, 490, 1976. 
426. Hay, A ., Narure (Londo11), 266, 7, 1977, 
427. Hay, A., Narure (London). 267, 384, 197'1, 

Bayer EX1026 (Part 2 of 2)



276 The Phenoxyalkanoic Herbicides 

428. Margerison, T., New Sci., 7 ! , 627, 1976. 
429. McGinty, L., New Sci .. 71,383, !976. 
430. McGinty, L., NewSd .. 72,260, 1976. 
431. Schloss, E . , Nation, 223, 362, 1976. 
432. Baughman, R. and Meselson, M ., Adv. Chem. Ser., !20, 92, !973. 
433. Pocchiari, F., Ecol. Bu//(Stockholm), 27, 67, 1978. 
434. McKinney, J. D., Ecol. Bull (Scockholm), 27, 53, 1978. 
435. Manara, L. and Garattini, S., Let/. Nature, 276,556, 1978. 
436. Hay, A ., Nature (London), 271, 202, J 978 (see Erratum Nature, 271,400, 1978). 
437. Hay, A., Nawre (London). 273,582, 1978. 
438. Hay, A., Nature(London),274, 108. 1978. 
439. Cauabeni, F., Cavallaro, A., and Galli, G., Eds., SP Medical and Scientific Books/ Spectrum, New 

York. Distrib. by Halsted/ Wiley. 1978. 
440. Joyce, J.C. and Sikka, H. C., J. Aqua€. Plant Manage., 15, 76, 1977. 
441. O'Neill, L., A Leller from Alsea, Environ. Prof. AgencyJ.,5(5), 4, 1979. 
442. Anon., Water Quality Criteria, Federal Water Pollution Contro l Adminimarion, Washington, D.C .• 

!968. 20. 
443. Bovey, R. W. and Young, A. L., The Science of 2,3,5-T and Associated Phenoxy Herbicides, John 

Wiley & Sons, New York. 1980. 

Bayer EX1026 (Part 2 of 2)



Volume I: Chemistry, Analysis, and Environmental Pollucion 277 

SUBJECT INDEX 

A 

Absorbancc values, 7 J 
Absorption maxima O .•• ,penlafluorobenzyl esters, 

212 
Acetone, free acid solubilities iJJ, 63 
Acid(s), see also specific acid 

optically active, 112 
Acid catalyzed eslerification, 11 2 
Acid chlorides, mp and bp, 58-59 
Acid halides, formation, 151 
Acid hydrolysis, of amides, 173-174 
Acid methanol extraction, 193 

in adsorption, 37-38 
in removal of pesticides from water, 2S9 

Activated charcoal 
Activated sludge system, phenoxy 

biodegradalion. 254 
Activation energy, 37 

in2,4-Damidesymhesis, 118 
Additives, 124 
Adjuvanls, and droplet diameter. 235 
Adsorption, 34- 38 

activated charcoal, 37-38 
2,4-D rree acid, 35-38 
Freundlich isotherm, 35, 37 
Preundlich isotherm type, 36 
ion exchange capacity in, 36 
parameters, 2,4-D, 37 
physical. 35 
soils,246-248 

organic matter content and, 247 
uncontrolled variables, 247 
vapor phase, 35 

Agent Orange 
aerial spraying, chain of events following, 

262-263 
analysis, 192 
impurities, 122 
~ea incineration of, 159 
South Vietnam, 262 
TCDD content, 264 

Agrimul 70A, 125 
Agritox, 7 
Air, phenoxy residues in, extraction, 204 
Air pollution. 240-245 
Air sampling, 240 

Jordan. New York, 245 
Rome, New York, 245 
Salt Lake City, 243 
Saskatchewan, Canada, 242-244 
Washington State. 240-242 

AJcohoVacid catalysis, I )3 
Alcohol glasst1s, phospborescence, 48 
Alcohols, esterification and, 19 
Akoholysis 

amides, 174 
chlorination, in ester production, I 16 

Aldehydes, N-substitution, 174 

Aldoximes, synthesis, 120 
Algal culture media, 2,4-D in, extraction, 194 
Alkali flame detector, 186 
Alkali flame ionization, I 86 
Alkali salts, 14 

field desorption mass spectrometry, 47 
melting behavior, 16 

Alkylamine salt, heating, 118 
Alkyl aryl su.lfonates, 125 
Alkylation, amides, 174 
Allyl amine salt, water s£Jlubility, 6J 
Alumina, 36 

in clean up, 194 
2,4-D free acid adsorption onto, Freundlich 

constants for, 37 
Amchem Products, Inc., 4 
American Conference of Government Industrial 

Hygienists, 2,4-D vapor levels, 245 
Amidation, 151 
Amides, 14 

acidic and basic hydrolysis, 173-174 
alkyJation, 174 
amino acid, of2,4-D, mp, 56 
bp,58-59 
chemical reactions, 173-177 
N-chlorophenoxyalkanoic, 58 
2,4-D 

amino acid, mp, 56 
hydrolysis, 177 
mass spectra, 90-91 
mp, 54 

formation, 172 
gamma cyclization, 175 
GC separation of, 205- 206 
halogenation, 175 
IR spectra, 42 
mass spectrometry, 47 
melting behavior, 16 
rnp,58- 59 
nonherbic.idal uses, l 78 
photochemistry, 175 
primary, pyrolysis, 174 
reductions, 175-176 
secondary 

dehydration, 174 
pyrolysis. 174 

solubility in organic solvents, 19 
synthesis, 118-119, 163 
lJV spectra, 41 
volatility, 34 
water solubility, 19 

Amine4T, 6 
Arninesalts, 14 

colorimetry, 191 
condensation reactions, 172 

2,4-D, 5 
differential scanning colorimetry, ) 6 
fluorescence and phosphorescence, I 00 
mp, 54 
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electron impact spectra, fluorescence, SO 
impurities in, removal of, l 23 
interatomic di~tances, J 5 
IR spectra, 42 
long chain formulations 

additives, 125 
on plants, 196 

MCPA,6 
melting behavior, 16 
phosphorescence, 50 
photodecomposition, l 73 
pyrolysit, 172 
short chain formulations 

additives, 125 
on plants. 196 

solubility, io organic solvents, 19 
solutions, extraction, 196 
synthesis, 117-118 
2,4.5-T, 6 
UV spectra, 41, 68 
vapor diifl, 240 
vapor presrnre and volatility, 34 
water solubility, 19, 61 

o-Amioo acid, synthesis, I 11- J 12 
Amino acid amides 

2,4-D 
mass spectra, 92-96 
mp, 56 

Amino acid conjugates 
2,4-D 

mass spectra, 47. 96-98 
R, values, 199 

in plants, 193, 198 
Ammooium salt., water solubility, 61 
Amoxone, 5 
Analyses 

colorimerry, 190-191 
column chromatography, 189-190 
fluorescence, 3, 48-50, 191 
gas liquid chromatography, 183-188 
high performance liquid chromatography, 

189-190 
isotope d ilu tion, 191 
paper chromatography, 189 
phosphorescence, 48-50, 99, J9l 
thin layer chromatography, 188-189 

Anhydrides, mixed, production of, 1.51 
Animal tissue 

phenoxy residues in, 193 
2,4,5-T in, I 86 

Anion exchangers, 194 
Aniten, 6 
AnitenD, 5 
Ansul Company, 4 
Anthroquinone, as sensitizer, 171 
Apricots, 2,4-D residue in, 261 
AquaKleen, 5 
Aqueous droplet, 236 
Aqueous samples. organic extraction procedures, 

193-194 
Aqueous systems 

residues in, 251 

nonbiological processes, 252-253 
Argentine, government licensing regulalions, 127 
Aromaticrings, 10 
Aryl (3-isothiuronium ethane sulfonate ester, 

synthesis, 120 
Aryloxyacetophcnones, pyrolysis products, 157 
Aryloxyacetylcyanamincs, 119 
Association of Official Analytical Chemists, 

HPLCmethod for2,4-D, 190 
Atlas 0-1086, I 25 
Atlox emulsifiers, l 25 
Atmospheric CO,, and amine salt-synthesis, 
Atrazine 

adsorption, 248 
vapor drift, 239 

Austria, governmem licensing regulations, 127 
Autoradiography, 2, 194 
Auxins, 1 

C, I 
A vcna, bioassay, 192 
Azeotropic distillation, in es1erification, 113 

Banlene Plus, 6, 7 
Banvel D, 5 

B 

Barley, acid methanol extraction, 193 
Baron, 9 
Base, reaction of chloropheno) with, 111 
Basic hydrolysis, amides, 173-174 
BCI,, as cleaving agent, 155 
BCl.,/ alcohol, in esterification, I 13 
Bean plants 

stem injected, ••C-2,4-D mass balance, 198,200 
volatile ester vapor, 34 

Beer's law, 40, 41 
Bees 

effect of 2,4-D and 2,4,5-T on, 259 
phe.no,.ys in, TLC, 189 

Bcncomox, 6 
Benzene, 19 

free acid solubilities in, 63 
in p-value deten:oination, 22-23 
in recovery of compounds from aqueous 

solution. 64 
Bemoicacids, electronic transitions, 159 
Ben.zopbenone, as sensitizer, 171 
Benzylamine sail, water solubility, 61 
BET isotherm, 35 
Bexane, 8 
BF,/alcohol 

reaction, 113-114 
in traosesterification, 115 

Bindweed, 2 
13ine-trol, 7 
Bioaccumulation, 234 
Biodegradation,253-255 

2,4-dichlorophcnol, 2S9 
Birefringence behavior, 15 

2,4,5-T potassium salt, 16 
Birnbaum-Sjmonini reaction, 169 
Bisc.hler-Napulski reaction, 174 
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Blood, phenoxy residues in. extraction. 194 
Blue crab, 2,4-D in, 258 
Boat-tailed grackles, 2,4-D residues in, 257 
Boiling poin t, see bp 
Bolsover, U .K., accident at, 122 
Bond angles 

esters, 13 
free acids, 10, 12 

Bond lengths 
alkali salts, 14 
esters, 13 
free acids, 10-11 

Boots Pure Drug Company, 4 
Boron trihalide/alcohol,, in esterification, 113 
bp (boiling point), J 4 

acid chlorides, 58-59' 
2,4-D esters, 52 
2,4,5-T esters, 55 

Brominal, 6 
Brominal Plus, 6 
4-Bromomethyl-7-melht~xy coumarin esters, 190 
Bronate, 6 
4-BrPA, 67 
Brush-killer, 2 
Brush-Rhap A-4T; 6 
Brush-Rha,p LV-OXY-4T, 6 
Buctril, 6 

Butoxone amine, 8 

Butoxoneester, 8 
Butoxone SB, 8 
Butoxyethanol ester, 5 
n-Butylamine, UV spectra, 68 
n-Butylamine salt, wate,· solubilitj, 61 
11-Butyl ester, see Ester(/;); specific acid 
o-Butyl lithium, as clea~1ing agent, 155 
Butyrac 11 8, 8 
Butyrac 175, 8 
Butyrac e.ster, 8 

Butyrolactone, in synth1:6is, 109 

C 

"CNMR, 42-43, 188 
phenoxyacetic sodiurn salts. 78 

"C-2,4-D 
in bean plants, 198, 2()0 

in soybean call us, 198, 20 I 
••C-diazomethane, 191 
"C labeling, 12.3- 124 
Cacodylic acid, I 
Cadmium, 2,4-D salt, I 17 
Caffeine, in synthesis of amine salt compounds, 

117 
Calcium, 2,4--D,.salt, I I jl 
Calcium salts, see Metal salts 
Callus iissue, metabolit1! analysis, I 97-198 
CaJnbilene, 6, 7 
Canada 

air samples, phcnoxy residues io, 242-244 
government licensing regulations, 127 
water samples, phenoxy residues in, 258 

Can-TroJ, 7 
Carbon, activated, adsorption of phenoxyacetic 

acids on, 39 
a-Carbon 

2,4-D esters, aromatic aldehyde substitution, 
167 

reactions at, 156-157 
Carboo dioxide, atmospheric. and amine salt 

symhesis, 117 
Carbon disulfide, free acid solubilities io, 63 
Carbon tetrachloride 

free acid solubilities in, 63 
in p-value determination, 22-23 

Carbon,1tes, formation of, 118 
Carboxylic acid-type reactions, 149-161 
Capillary water action, 247 
Cattle, phenoxy residues in, 261 
Cesium, 2,4-0 salt, I l 7 
Chain length 

high volatile esters, 33 
water solubility, 19 

Chapman rearrangement, 174 
C harge transfer character, 49 
Charge transfer configuration. 159 
Chemisorption, 35 
Chemistry, 149-178 

amide reactiorts, 173-177 
ester reactions, condensation, 163 

hydrolysis, 162-164 
photodecomposition. 165-l67 
pyrolysis, 164-165 

free acid reactions 
carboxylic acid-typereactions, 149-161 
thermodynamics, 149 

miscellaneous reactions, 177-178 
salt reactions, 168-173 

Chipman, 4 
Chipman 96, 5 
Chipman 128, 5 
Chipman 2.4-D Amine, No. 4, 5 
Chipman 2,4-D Low Volatile Ester 4L, 5 
Chiptox. 6 
Chloral 2,4--dichlorophenoxyaceiylhydrazone, 11 9 
Chlorella pyrcnoidosa, 192 
CIJlorination, 110 

and akoholysis, in ester production, 1 16 
impurities, 121 
in a nick~ bomb, 159 
of phenol, 121 

Chlorine, in free acid oxidation, 149 
Chlorine dioxide, in free acid oKidation, 149 
Chlorine quadrupole resonance frequencies. in 

2,4-D solid, 43 
Chiaro substitution, 18 
Chloroacetic 

rrbutyl ester, fluorescerwe aod 
phosphorescence, 99 

paper chromatography, 224 
2-Chloro-4-azido-phenoxyacetic acid, 178 
2-Chloro-4-bromo-phenoxyacetic acid, esters o r. 

in 2,4-D gas.liquid chromatography, 184 
Chlorocyclohexanes, reduction of, I I 1 
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2-Chloro-4,5-dibromophenoxyacetic acid, esters 
of, in 2 14,5-T gas liquid chromatography, 
184 

Chloroform 
in p-valuc determination, 22- 23 
in recovery of compounds from aqueous 

solutions, 64 
4-Chloro-2-methylphenol, in MCPA synthesis, 

109 
(:t)-2-(4-Chloro-2-methylphenoxy)propionic acid, 

see Mccoprop 
Chlorophenol(s) 

colorimetry, 226 
reaction with a base and a ketone, 111 

. 4-Chlorophenol 
fluorescence, 49 
paper chromatography, 224 
phosphorescence, 99 

o-Chlorophenoxyace1ic acid, see 2-CPA 
y-(2-Chlorophenoxy)butyric acid, mp, 58 
ChlorosuJfooauon, 168 
Chroma1ographic techniques, see also speciri<; 

technique, 2 
Chromorropic acid 

in colorime1ry, 191 
ether link cleavage, 153 
in T!-,C, 188 

CIBA-GEIGY Corp., 4 
Cinnamic acid 

electronic transitions, 1,59 
pyrolysis products, 157 

Citrus fruit, phenoxy residues in, extraction from, 
199-200 

Claisen product, 167 
Clams, 2,4-D residues in, 260 
Clausius-Clapeyron equation, 25, 28 

differential form for llquids, 29 
Clay soils. 246, 247 
Clean up, 194 

ion exchange, 196 
liquid/liquid, 194- )95 

CMPP, see Mecoprop 
Cobalt, 2,4-D salt, 117 
Codistill11tion, 239 
Colorimetry, 190- 191. 225-226 

hydroxamate-Fe Ill, 191 
Column chromatography, 2, 189-190, 194 
Condensation reactions 

amine salts, In 
esters, 163 
free acids, J 51 
metal salts, 169 

Contact angle, 237 
Contact herbicides, I 
Contact time, and mass u-ansfer coefficient, 31 
Controlled release products, 125-126 
Copper, 2,4-D salt, 117 
Copper sulfate, 1 
Com 

2,4-0 amine salt residues, 260 
Silvex PGBE ester residue, 260 

Cornox-M. 7 

Cotton 
bioassay, 192 
volatile ester vapor, 34 

Counter current exu-action, 194 
Coverage values, 236 
Cowberries, phenoxy residue5 in, 261 
2-CPA, 10 

bond angles, 2 
bond lengths, 10, 11 
n-butyl ester 

fluorescence, 49, 99 
phosphorescence, 99 

"C and 'H NMR data, 78 
colorimetry. 225 
crystallographic cell dimensions and dcns1tles, 

10, 13 
esters, photoproduct yield from 2,4-D/ alcohol 

mixture, I 62 
HPLC, 189 
impurities, 123 
isotope dilution analysis; 191 
liquid/ liquid extraction, 22-23 
methyl ester, metastabk~, 46 
mp,51 
MW, 51 
p-value determination, 22-23 
persistence in soil. 250 
phosphorescence, 49, 99 
physical constants, 51 
pK., 18,51 
reaction with HgO/ H,SO,, 161 
water solubility, 5 I 

3-CPA 
persistence in soil, 250 
physical constants, 5 I 

4-CPA • 
adsorption, on activ11ted carbon, 39 
biodegradation, 255 

bp,58 
o-butyl ester, fluorescence and 

phoSphorescence, 99 
"C and 'H NMR data, 78 
colorimetry, 225 
crystallograpb.ic cell dimensions and densities, 

10, 13 
dipole moment, 67 
esters 

bp,59 
mp, 59 
pbotoproduct yield from 2,4-O/ alcohol 

mixture, 162 
gas liquid chromaiograpny, columns and 

conditions, 205 
}IPLC, 189 
impurities, 123 
isotope dilution analysis, 191 
liquid/liquid extraction, 22-23 

"'"'' 67 
methyl ester 

colorimetry, 225 
metastables, 46 

mp, 58 
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oxidation, J 56 
p-value determination, persistence !n soil, 250 
phosphorescence, 49, 99 
physical constants, 51 
pK. , 18 
polarization al infinite dilution, 67 
solubility of, in organic solvents, 19 

m-CPA, IR spectra, 69 
o-CPA, IR spectra, 69 
p-CPA, IR spectra, 70 
Crops 

2 ,4-D residues on, 260 
phenoxy residues on, 260-26:7. 
2,4,5-T residues on, 260 

Crotllin, 5 
Crystallization, 239 
Crystallographic unit cells, 10 

dimensions and densities, 13 
Cucumber root bioassay, 192 
Cupric phenoxyacctate complex, 50 
Cyclization, amides, 174 
Cyclohexylaminesalt. water solubility, 61 
Cysteine, in synr.hesis ofamine salt compounds, 

117 

D 

2,3-D 
o-buty u-butyl ester, mass spectra, 46. 85 
JR Spectra. 70 
methyl ester. mass spectra, 82, 188 
physical constants, 51 

1.4-D, l, 2, 4 
acceptable daily intake, 262 
acetamide, leachability, 248 
acetanilide, Ieachability, 248 
acetyl chloride, In synr.hesis, 177 
acids, partitioning behavior. 20 
adsorption 

on activated carbon. 39 
onto flocculated humic acid, 153 
parameters, 37 

in air 
Jordan, New 'fork, 245 
Rome, New York, 245 
Salt Lake City, 243 
Saskatchewan, Canada, 242-244 
Washington State, 240-243 

air sampling for. 240 
alcohol solutions, fluorescence. 48 
alkanolamine salts 

crop damage from, 257 
residue on crops, 260 

amides 
mass spectra, 47 
mp, 16, 54 
NMR aromatic reso11ances, 0 
synthesis, I 18 

amine salts, 5 
6H1values, 16 
colorimetry, 226 
DSC of. 16 

fluorescence, 50, 100, 173 
mp, 16, 54 
NMR aromatic resonances, 43 
phosphorescence,50, 100,173 
residues on corn, 260 
short chain, dechlorination. 173 
surface tensions, 38 
water solubility, 61 

amino acid 
amides. 16, 56, 91.--96 
conjugates, 47, 96-98, 199 

ammonium salt 
re.sidues on plants, 261 

· vapor drift, 240 
anions, adsorption onto soils. 246 
ba.sic solution, quantum yield for, 170 
biodegradation, 254-255 
biologital tissues. extraction, 194 
bond angles, 12 
bond lengths, 10, 11 
bp,58 
butanol solutions, fluorescence, 48 
butoxyethanol 40%, partial pressure, 65 
butoxyethanol 60%, partial pressure, 65 
butoxyethanol ester 

biodegradation, 255 
GC, relative retention time and relative· peak 

heights, 187 
mass spectra, 46, 86 
river water, hydrolysis, 253 

butoxyethoxy ester, IR spectra, 73 
butoxyethyl ester 

acid and base hydrolysis, 164 
heat of vaporization, 66 
TLC, 220 
vapor pressures, 66 
volatility, 33 

2-butoxyethyl ester 
disappearance quantum yields, 167 
hydrolysis, 164, 255 
photolysis, 253- 255 
vaporization , 255 
water solubility. 163 

2-butoxy-metbyleth,yl ester, hydrolysis in water. 
164 

u-butyl amide, synthesis, J IS 
n-butylamine salt 

fluorescence and phosphorescence, I 00 
H-6 absorption, 43 
vapor pressure. 34 

butyl ester(s) 
biodegradation, 255 
colorimetry, 226 
ECO and GC/ MS-SIP data, 185 
hydrolysis, J 6~ 
persistcnc:e in soil, 250 
residue on grass, 261 
residue on trees and shrubs, 260 
vapor drift, 239, 240 

!-butyl ester 
heat of vaporization, 66 
hydrolysis, 164, 255 
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partial pressure, 65 
photolysis, 255 
vapor.ization, 255 
vapor pressures, 66 
water solubility, 163 

2-butyl ester , partial pressure, 65 
i-butyl ester 

degradation, 162 
TLC, 219 

n-butyl ester 
in air, 243-244 
degradation, 162 
fluorescence, 49, 99, 167 
GC, relative retention time and relative peak 

heights, 187 
TR spectra, 73 
leaching, 248 
liquid/ liquid extraction, 22-23 
mass spectra, 46, 85, I 88 
metastables. 46 
p-value determination, 22-23 
phosphorescence, 99, 167 
photodecomposition, 172 
recovery (F.) from aqueous solution, 64 
removal from water supplies, 259 
sensitivily to "Ni BCD, 184 
TLC, 219, 221 
vapor, photolysis of, 245 
vapor pressure, 32 
volatility, 33 
volatilization rate, 33 
water pollution, 256 
yield from 2,4-D/ alcohol/acid system, 139 

sec-butyl ester, TLC, 219 
13C and 'H NMR data, 78 
"Clabeled 

in soybean callus, 198,201 
in stern injected bean plants, 198, 200 

calcium salt, water solubility, I 9 
chemical name, 128 
chlorine quadrupole resonanc.e frequencies, 43 
1<-chlorocrotyl ester, yield from 2,4-D/alcohol/ 

acid system, 139 
2-chloroethyl ester, 184 
in clams, 260 
colorimetry, 225-226 
conjugates, separation of, 197 
controlled-release form, 125-126 
crystallographic cell dimensions and densities, 

JO, l3 
diazomethylation, 114 
didodecylamine salt, synthesis, 117 
differential thermal analysis, 15 
dimethyl a,mide 

mass spectra, 90 
synthesis, J l 8 

dimelhylamine, fluorescence and 
phosphorescence, J 00 

dimethylamine ester, persistence in soil, 25 I 
dimethylarnine sail 

adsorption in soil, 247 
biodegradation, 255 

in fish, 257 
residue on plants, 261 
10Jerance levels in food, 261 
ln grain and forage, 262 
vapor pressure, 34 
water levels, 258 
\vater pollution, 256 

dimethylamine salt + 13,0,, persistence in $Oil, 

251 
/J-dimeihylaminoethyl ester, yield from 2,4-D/ 

alcohol/acid system, J 39 
diocradecylam.ine salt, synthesis, I l 7 
dioxins, 122 
dipole moment, 67 
n-dodecylamide 

I-J-6 absorption, 43 
synthesis, 118 

n-dodecylarnlne, fluorescence and 
phosphorescence, J 00 

n-dodecylamine salt 
synthesis, I 17 
vapor pressure, 34 

dodecyl/ tetradecylamine, volatility, 33 
dodecyl/tetrad~cylamine sa,lts, water pollurion, 

256-257 
effect on bees, 259 
cmulsifiable acid, volatility,.33 
esterification, J 13-114 
esters, 5 

adsorption in soil, 247 
aromatic aldehyde substitution at a-carbon, 

167 
bp,52 
degradation, 162 
GC, relative retention time and <ela,tive peak 

heights, 186, 187 
heat of vaporization, 66 
hydrolysis, 163,164,247,253,255, 25'7 
A.MJmolar extinction coefficients, 40 
mp, 52 
oxidation, 149 
partial pressure, 65 
partitioning behavior, 20 
photodecomposition, 166 
photolysis, 255 
photoproduct yield from 2,4-D/ alcohol 

mixture, I 62 
stability. 204 
vaporization.. 255 
vapot pressures, 66 
volatile, and seed germination, 34 
in water, 258 

2(2-ethoxyethoxy)propyl ester, volalilit>•, 33 
ethyl dipropylene glycol ester, yield from 2,4-

D/alcohol/ acid system, 139 
system, 139 

ethyl ester 
chlorination of, 168 
dielectric potentials, 38 
mass spectra, 86, I 88 
partial pressure, 65 
surface tensions, 38 
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TLC, 220 
vapor pressures, 66 
yield from 2,4-D/ a lcohol/ acid system, 139 

2-ethyl hexyl ester 
partial pressures, 65 
volatility, 33 

food contamination, 261 
Formula, 128 
free acid 

adsorption, 35-38 
mass Spectral fragmemalion pauern. 44, 45 
metastabl~. 44 
photopr.oduct yield from 2,4-D/ alcohol 

mixture, I 62 
UV spectra, 68 

free energy of formation, 149-150 
friction coefficients, 140 
function, 128 
gas liquid chromatography, 184 

columns and conditions, 205-206 
glutamate conjugate, 198 
GR.o, 248 
granular formulations, 235 
granules, water pollution and, 256 
greases, 126 
half-life, 25 I 
l-heptyl ester 

partial pressure, 65 
vapor pressure, 66 

4~heptyl ester, partial pressure, 65 
1-hexyl ester, partial pressure, 65 
2-hexyl ester, partial pressure, 65 
high volatile esters. 240 
HPLC, 189 

official method, I 90 
impurities, 121, J 23 
ion-selective electrode, 191 
fR spectra, 69, 70, 72 
isooctyl ester 

in air, 243 
differential thermal analysis, 159 
GC, relative retention time and relative.peak 

heights, 187 
hydrolysis in soil, 247 
IR spectra, 74 
mass spectra, 46, 86 
persistence in soil, 250, 251 
vapor d rift., 240 

isopropyl ester 
in air, 243-244 
biodegradation, 255 
GC, relative retention time and relative peak 

heights, I 87 
IR spectra, 73 
liquid/liquid extraction, 22-23 
in natural (surface) waters, 259 
odor threshold, 259 
p-valuc determlnation. 22.-23 
recovery (F .) from aqueous solution, 64 
TLC, 220 
vapor drift, 240 
vapor pressure. 32 

volatility, 33 
isotope dilution analysis, 191 
ketene acetylation, 161 
lateral movement in soils, 248 
leaching index, 249 
liquid emulsions, water pollution and, 256 
liquid/liquid extraction, 22-24 
low volatile esters, 240 

µ, • ., 67 

magnesium salt, water solubility, 19 
manufacture, 128-129 
mass spectra, 80 
metal salts 

adsorption, 36 
mp, 58-59 
stability constant, J j 7 
water solubility, 61 

methyl amide 
ma,,s spectra, 90 
synthesis, 118 

methylamine, fluorescence and 
phosphorescence, 100 

methylamine salt, vapor pressure, 34 
methyl ester 

ae1d and base hydrolysis, 164 
colorimetry, 225 
degradation, 162 
diffusion coefficient. 31 
disappearance quantum yields, 167 
hydrolysis, 164, 255 
(R spectnim, 75 
mass spectra. 81-8:l, 188 
mass spectrometry, 45-46 
met~tables, 46 
mp, 15 

partial pressures, 65 
photolysis, 255 
TLC, 188,218,220 
vaporization, 255 
vapor pressure, 32, 66 
water solubility, 163 
yield from 2,4-O/ alcohol/ acid system. 139 

in milk, 202 
mixtures, 5 
mobility in soil, 247 
molar extinction coefficient, 40, 67 
mp, J4, 58, 107 
mucochloryl ester, yield from 2.4-D/ alcohol/ 

acid system, 139 
in muscle, liver. and kidney, 203 
MW,4 
octadecylarnine salt, synthesis, I J 7 
1-octyl ester 

hydrolysis, I 64, 255 
partial pressure. 65 
photolysis, 255 
vaporization, 255 
vapor pressures, 66 
water solubility, J 63 

2-octyl ester 
hydrolysis in water, 164 
partial pressure, 65 
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volatilization, n 
n-octyl ester 

degradation, J 62 
volatility, 33 

origin, 4 
other names, 5 
oxidatioo, 156 
in oysters, 260 
p-value determination, 22-24 
paper chromatography, 223-224 
pentanuorobenzyl esters 

absorption maxima, 212 
IR spectra, 213 
mass spectra, 188, 208 
molar extinction coefficients, 212 
PMR data, 216 
preparation for GC, 184 

1-pentyl esters, partial pressure, 65 
2-pentyl ester, partial pressure, 65 
rrpenlyl ester, mass spectra, 188 
persistence 

in aqueous systems, 253 
in soil, 250, 25 l 
on soil colloids, 248 

phenyl ester, yield from 2,4-D/ alcohol/acid 
system , 139 

phosphorescence, 49, 99 
physical constants, 51 
pK. values, 63 
polarization, 67 
polyprqpylenc glycol butyl ether e;~ter 

GC, relative retention time and relative peak 
heights, 187 

vapor drift, 239 
potassium salts 

laser Raman spectroscopy. 50 
mp, 16 

in potato, 193,261 
production and waste schematic, 129 
J-propyl ester, partial pressure, 65 
2-propyl ester 

heat of vaporization, 66 
hydrolysis in water. 164 
partial pressure, 65 
vapor pressure, 66 
volatilization rate, 33 

propylene glycol butyl ether ester 
mass spectra, 46, 86 
partial pressure. 65 

pyrolysis, of terraalkyl ammonium salts, I I 5 
recovery (F.) from aqueous solution, 64 
removal from surface waters, 259 
residues 

on plants and crops, 260-261 
in water, 258 

runoff loss, 258 
salts, sLabiliiy, 204 
silylation, I 14 
sodium salt 

biodegradation, 255 
colorimetry. 225 
field desorption mass spectra, 88 

freezing point depressions, 38 
ionic conductance, 38 
IR spectra, 41 
A.~.,-, 41 
laser Ratnan spectroscop:r, 50 

leaching, 248 
mass spectra_ 47 
mp, 16 
oxidation, 149 
refractive inde)I, 38 
removal from water supplies, 259 
surface tensions, 38 
vapor drift, 240 
water solubility, 38 

sodium salt + BtO,, persistence in soil, 251 
sodium salt + MCPA sodium salt, FDMS. 89 
soil residues, 258 
solubility 

in organic solvents, 19, 63-64 
in water, see Water solubility 

spray drift, 234 
synthesis, I 07 

yields, 108 
taste and odor thresholds, 259 
a-teiradecylamide, mass spectra, 90-91 
1Hetradecylamine, fluorescence and 

phosphorescence 100 
n-tetradecylamine sail, vapor pressure, 34 
TLC, 218-221 
tolerance levels 

in food , 261 
in potable or fisheries waters, 259 

io tomato extracts. 193 
trade names, 128 
lTanscsterificntion, 115 
transition metal complexes, J 16 
tributyl-tin compound, I l 7 
2,2,2-trichloroethyl ester, 184 
triethanolamine salt, see also Trlethanolamine, 

2,4-D salt 
leaching, 248 

Lriisopropanolamine salt. leaching behavior, 
246 

triphenyl-tin compound, 117 
tritiated, 124 
urea-polymeric formulation, I 77 
UV spectra, 4() 

vapor 
exposure limjts, 245 
levels for 1>,.orkplace air, 245 

vaporization index, 250 
vapor pressure and volatility, 32 
vertical movement in soil, 248 
vinyl esters, polymerization of, 161 
water levels, 258 
,vater pollution 256-258 
water solubility, 17. 62 
X-ray fluorescence. 50 

2,4-O/ alcohol, photoproduct yields from, 162 
2,4·O/ alcohol/ acld system, ester yield from, 139 
2,5-D 

bond angles. 12 
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bond lengths, 10, 11 
crystallographic cell dimensions and densities, 

10, 13 
dielectric potentials, 38 
IR spectra, 70 
isotope d!lution analysis, 191 
pbysical constants, 51 

2,6-D, 18 
in 2,4-D, 123 
IR spectra, 69, 70 
isotope dilution analysis, 19 i 
physical c?nstants, 5 r 

3,4-D 
n-butyl ester, mass spectra, 46, 85 
LR spectra, 70 
methyl ester 

mass spectra, 82 
mass spectrometry, 46 

physical constants, 51 
3,5-D 

IR spectra, 70 
physical constants, 51 

Dacamine, 5 
Dacamine 4T, 6 
Dalapon, paper chromatography, 224 
2,4-DB. 8 

bp, 58 
chemical name, 130 
diazomeih_ylation, I J 4 
esterification, 113 
esters 

hydrolysis in soil, 247 
mass spectra. 83 

formula, 130 
hmclion, 130 
HPLC. 189 
liquid/liquid extraction, 22-23 
manufacture, 130-131 
mass spectra, 80 
methyl ester 

IR spectrum. 75 
TLC, 188,218 

mixtures, 8 
mp, 58 
MW,8 
origin. 8 
,:>-value determination, 22- 23 
paper chromatography, 223 
pentafluorobenzyl ester 

absorption maxima., 212 
IR spectra. 213 
mass spectrum, 208 
molar extinction coefficient, 212 
PMR data. 216 
preparation for GC, 184 

physical constants, 51 
process flow scheme, J3 l 
recovery (F,.) from aqueous solutions, 64 
silylalion, 114 
solubjlity in organic solvents, 63 
wnthesis, J 09 
TLC, 218-220 

trade names, 130 
transesterification, I 15 

DB granular mixture, 5 
p,p'-DDT, 3,246, 249 
Decarboxylation, 2 -nitrophenylacetic acid. 158 
Decomposition, 2,4-D esters, 166 
Degradation 

2,4-0 esters, 162 
microbial, 245, 249, 252, 255 

Deoydration 
secondary amides, 174 
in synthesis of amides, I l S 

t-Dehydroconisone, 2)-(2,4-
dichlorophenoxyacetate), 120 

Density 
crystallographic unit cells, 13 
droplet, 236 

velocity and, 235 
2,4-DEP, 8 

bp,59 
mixtures, 8 
MW,8 
origin, 8 
synthesis, 119 

Deproteination, for e,~traction, 192 
Derivatization, 195 
2,4-DES, 2 
Diallylamine salt, water solubility, 61 
Diamond Shamrock Company, 4 
Diazoalkylation, 113-114 
Diazobutone, 114 
Diazoethane, 114 
D1a.tomethylation, 113-1 L4 

2,4-0, 114 
p-Dibenzodioxins, chlorinated, 3 
Dibcnzofurans, chlorinated. 121, 122 

2,4,5-Tand, 158 
Dibenzyl peroxide, reaction of 2,4-dichloroanisole 

With, 111 
2,4-Dibromophenoxyacetic acid, esters, bp and 

mp, 59 
Di-n-butylamine salt, water solubility, 61 
Dicamba, silylation, 114 
2,4-Dichloroanisole 

n-butyl ester, fluocescence and 
phosphorescence, 99 

fluorescence, 49, 160, 167 
reaction with oxalyl chloride and dibenzyl 

peroxide. 111 
bi.(2,4-Dichlorobenzyl)disulfide, mp, 59 
bi,(2,4-Dicblorobenzyl)sulfide, hp, 59 
S-(2,4-Dichlorobenzyl)thioisourea HCJ, mp, 59 
2,6-Dic:hlorodibenzo-,:>-dioxin, 122 
2,4-Dichloro(6-fluoro)-phenoxyacetic acid, 18 
2,4-Dichloromethylene isocyanate. 177 
2,4-Dichlorophenol 

biodegradat.ion, 255, 259 
colorimetry, 225 
gas phase, photodecomposition, 172 
in milk, 202 
NMR spectrum, 43 
paper chromatography, 224 
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permissible level, in water supplies, 259 
as photoproduct, 171 
photoproduct yield from 2,4-D/alcohol 

mixture, 162 
production of, 165 
quantum yield, 170 
solid phase, photodecomposition, 172 
solution, photodecomposition. 172 
synthesis, 109 
l.hresbold odor level, 259 
threshold taste levels, 259 
TLC,20 

3,4-Dichloropheno!, photodecomposition, 172 
2,4-Dichlorophenol diethyl phosphate., G C, 186 
2,4-Dichlorophenoxyacetic acid, see 2.4,D 
l ,3-bi(2,4-Djchlorophenoxyacetoxy 

me1byl)disiloxane, symhesis, 117 
(1-[2,4-Dichlorophenoxy] acetoxy methyl)-4-

phospha-3 ,S ,8-trioxiobicyclo [2,2,2] 
octane-4-sulfide, 120 

(w-2,4-Dichlorophenoxy)alkanoic acids, mp, 
57-58 

4-(2,4-Dichlorophenoxy)bu1yricacid, sec 2,4-0.8 
y-(2,4-Dichlorophenoxy)butyric acid 

molar extinction coefficient, 68 
2,4-Dichlorophenoxyethanoic acid, see 2,4-0 
2,4-0ichlorophenoxyethyl hydrogen sulfate, see 

2,4-DES 
tris-[2-(2.4-Dichlorophenoxy)ethyl) phosphite, see 

2,4-DEP 
bi..-2,4-Dichlorophenoxymethane, 121 
2-(2,4-blchlorophenoxy)propjonic acid, see 2,4• 

DP 
a-(2,4-Dichlorophenoxy) propionic acid, molar 

extinction coefficient, 68 
f.l-(2,4-Dichlorophenoxy)propionfo acid, molar 

extinction coefficient, 68 
Dichlorprop (2,4-DP), 9 

bp,58 
diethanolamine salt, water solubility, 61 
ester, nydrolysis in soil, 247 
metal salts, water solubility, 61 
methyl ester 

IR spectrum, 75 
mass speCLra, 83 
sensitivity to "Ni ECO, 184 
TLC, 188 

mixtures. 9 
mp, 58 
mp depression, 15 
MW,9 
origin, 9 
pentafluorobenzyl ester 

absorption max.ima, 212 
IR spectrum, 213 
mass spectrum, 209 
molar exLinction coe(ficient, 2 l 2 
pliysical constants, 51 
PMRdata, 2 16 
preparauon Jor GC, 184 

residues, in natural waters, 258 
soil half-life, 2.5 I 

solubility in organic solvents, 63-64 
TLC, 219-221 

Dicmyledons, I 
Di-(2,4-dichloropbeooxy)acetic acid, IR spectra, 

69 
Dieldrin. 249 
Dielectric potentials, 2,4-0 derivatives. 38 
Diesel oil (+kerosene), free acid solubilities in, 63 
Diethanolamine salt, water solubility, 61 
Dicthylaminesalt, water solubility. 61 
Diethyl ether, in free acid extraction, 21 
3,9-Diethyltridecanol-6-sodium sulfate, 125 
Differential scanning colorimetry (DSC), I 5 

2,4-D amine salts, 16 
Differential thermal analysis (DT A), 15 

2,4-D isooctyl ester, 159 
metal salts, 16 
2.4,5-T free acids, 159 

Diffuse reflcc1ance spectro~copy, 50 
Diffusion coefficient (D), 29 

for 2,4-D anion in soils, 248 
for2,4-D merhyl es1er, 31 

Dihedral angle, in Silvex E, 12 
Dihydroxybiphenyls, chlorinated, 121 
Oikotex, 7 
Dimer, 10, 13 

excited, 48 
Djmethylamine 

UV spectra, 68 
water solubility, 61 

Dimethyl 2,4-D amine, 5 
3 ,8-Dime(hyl-deca-4,6-diyne-3 ,8-diol, the bi.1(2,4-

dichlorophenoxyacetic) ester, 120 
Dimelhylphthalate, in GC chromatography, 183 
Dimethyl sulfate, in methanol, in csterification, 

115 
Dimethylsulfox.ide, 125 
2-Dinitr·ophenoxyacetic acid, decomposition, I S8 
2,4-Dinitrophenoxyacetic acid, decomposition, 

158 
Dtnoseb/ 2,4-DBP, 8 
Dinoxol, 5, 6 
Dioxane, free acid solubilities, 63 
Dioxins, 121-122, 172 

destruction of, 159 
exposure levels, in South Vietnam, 262 
in 2,4,5-T, 234 

Diphenyl ethers, chlorinated, 121 
Dipole moment 

chlorinated phenoxyalkanoic acids, 51 
para substituted phenoxyacetic acids, 38 
phenoxyacetic acids, 67 

Dispersibility, of water droplets, 236 
Dispersing agent, 125 
Dissociation (pK.), see also pK. (in water) 

chlorinated phcmoxyalkanoic acids, 51 
2,4-D, 63 

OM-68, 7 
DMA-4,5 
DNOC (2-methyl-4.6-dinit rophenol), I 
n-Dodecylamine 

UV spectra, 68 
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water solubility, 6 I 
Dow Cbemical Company, 4 
Dow MCP Amine Weed Killer, 6 
2,4-DP, see Dichlorprop 
Droplet 

contact angle at rest, 237 
coverage values, 236 
critical roll-off size, 238 
density, 236 
in formulation spraying, 235-236 
HLB, 237 
spread factor, 237 
surface energy before impact, 237 
volatilization from, 31-32 

DuPont, 4 

E 

Eastern Bloc countries, government licensing 
regulations, 127 

Ebiden, 7 
EDTA, 125 
Effective diffusivity, 2,4-D, 38 
Egypt, government licensing regulations, 127 
Electrochemical detector (LCEC) 

amino acid conjugates in plants, 198 
in HPLC, 190 

Electrode, ion-selective, for 2,4-D, 191 
E lectrolytic conductivity, 186 
Electron, solvated, production, 172 
Electron capture detector (ECO), 183. 205-206 

2,4-D butyl ester, 185 
internal standard quantitation. 183 
''Ni ionizing source, I 84 
theoryof, 184 
2,2,2-trichloroechyl esters. I 95 
tritium foil ionizing source, 184 

Electron capture gas chromatography (EC/OC), 2 
Electron detaching state, phenolate solutions, 172 
Electron spin resonance, 50 
Embutox, 8 
Emulsamine E--3, 5 

volatiliry, 33 
Emulsifiers, 125 

U.S. suppliers, 125 
Emulsions, invert, 125 
EntJ1alpy of formation, 149 
Entropy of activation, 37 
Entropy of formation, 149 
Envert 171, 5, 9 
Envert-T, 6 
Environmental Protection Agency (EPA), 126 
Enzymes. in soil , 245 
Eosin, sensitization, I 12 
Epinasty, 33 

amine salts and, 34 
Epoxide, formation, 151 
Erbon, 9 

bp,59 
mp, 59 
MW,9 
origin, 9 

synthesis, J 19 
Erbon 4, 9 
Erbon R, 9 
Ester(s) 

bond angles and lengths, 13 
bp, 58-59 
n-butyl 

nuoresccncc and phosphorescence, 99 
'HNMR,43 
A~., phosphorescence, 49 

colorimetry, 191 
condensation reactions, 163 
2,4-D, see also under 2,4-D. 5 
nuorescence, 49-50 
form ulations 

additives, 125 
extraction, 196 

GC separation of, 205-206 
high volatile, 33 
hydrolysis, 162-163. 233 
invert emulsions, 125 
IRspectra, 41-42. 73-77 
low volatile, 33 
mass spectrometry, 45-46 
MCPA, see also under MCPA, 6 
melting behavior, I 5 
mp,58-59 
partial pressure, 65 
partitioning behavior, 20 
phosphorescence, 49-50 
photodecomposition, 165-167 
plant surface residues, 196 
production, by other than direct esterifo:ation. 

11 6 
pyrolysis, 164-t65 
solubility, in organic ~olvents, 19 
synthesis, 112-1 16 
2,4,5-T. see also under 2,4,5-T, 6 
transesterificarion, 164 
UV spectra, 40-41 
vapor pressure and volatility, 32- 34 
war.ersolubility, IR 
yield in 2,4-D/ alcoho\/acid systems, 139 

Ester hydrazone, formation, 151 
Esterification, 19, 151 

acid-catalyzed. 112 
acid ion, 113 
by diazoalkylation, I 13-114 
of free acids, J 1~116 
metal salts, 169 
in neutral solution, 112- IB 
and photodecomposition, 160 
procedures for, comparison of, 11-1 
ratio of hydrolysis to, 113 
reagents for, J 13-114 

Esteron, j 
Esteron 245, 6 
Esteron 99 Concentrate. 5 
Estuarin~ waters 

ionic strength, 252 
pheooxy residues in, 260 

Ethanol 5007o, free acid solubility in, 63 
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Ethanol 900Jo, free acid solubility in, 63 
Ethanol glasses, phosphorescence, 49 
Ethanolamine, water solubility, 61 
Ethanolamine salts, in synthesis of amine salt 

compounds, 117 
Ether , in p-valuedetermination, 22-23 
Ether link cleavage 

in amine salt photodccomposition. 173 
basecatalyzed, 154 
in colorimetry, 191 
free acids, 153-155 
2,4.5-T, 170 

Ethomeen, 125 
Ethyl acetate 

in free acid extraction. 21 
in p-value determination. 22-23 

Ethyl-2,4-dichlorophenyl carbonate, bp, 59 
Ethyl ether 

free acid solubility in, 63 
in recovery of compounds from aqueous 

solulions, 64 
Ethylene glycol 

as adjuvan1. 124 
in herbicide manufacture, l 22 
in photodecomposition, 160 

Eutectic. I 5 
Evaporation, 239 

in-Oighl. 236 
and liquid/air interfaue and, 31 
surfactants and, 235 

Evapotranspiration, 248 
Excimer, 48 
Exciplex, 160 
Extraction, 192-204 

acid methanol, 193 
from air samples, 204 
from aqueous samples, 193- 194 
"C-2,4-D soybean callus, 198, 201 
"C-2,4-D stem injected bean plants, 198,200 
from cit.rus fruit, 199-200 
counter current, 194 
from flour, 202 
from formulations, I 96 
liquid/ liquid, 20-21 
from milk, 201-202 
from organic tissues, 202-203 
from plants, 193,196 

metabolites, 197-198 
surface residues, 196 
whole plants, l96-l97 

from soil, 193, 202 
ultrasonic techn ique, 193 
from urine and blood, I 94 
from water, 204 

Palodin, 8 
Palone, 8 

F 

Far, phenoxy residues in. extraction, 203 
FDMS, see Field desorption mass spectrometry 

federal Insecticide, Fungicide, Rodenticide A ct, 
126 

Fenac, I 13 
Fenac P lus, 5 
Fenoprop, see Silvex 
Feoormone, IO 
Fick's first law, 29 
Field desorption mass speclrometry (FDMS), 47 

bi-hedonal, 89 
2,4-D sodium salts, 88 
MCPA sodium salts, 88 

Finland, government licensing regulations., J 27 
Fish 

2,4-D dimethylamine salt in. 257 
2,4-D esters in, 258 

Fisons I 8-15, 6 
Fisons Pest Control, Ltd., 4 

Flame ionization del.,ctor, 183, 205-206 
internal standard for, I 83 

Flame-photometric detection, I 86 
Florida, Eglin Air Force Base, l'CDD pollulio11. 

264 
Florida gallinules, 2,4-D residues in, 257 
Plorisil, in clean op, I 94 
Flour, phenoxy residues in, extraction, 202 
Fluorescence, 3,48-50, 191 

a-butyl esters, 99 
2.,4-D amine salts, JOO, J73 
2,4-D a-butyl esters, 167 
2,4-dichloroanisole, 160, 167 
esters, 49-50 
free acids, 48-49 
salts, 50 
X-ray, 50 

Fluorescence detector, in HPLC, 190 
2-Fluoro-4,6-dichlorophenoxyacetic acid, 18 
Fodder, phenoxy residues in, 261 
Food 

2,4-D contamination, 261-262 
2,4-D tolerance level, 261 

Food and Drug Administratjon (FDA), 126 
Forage, phenoxy residues in, 194 
Formula 40, 5 
Formulation analysis, 192 
Formulation spraying, 235-236 
Fourier transform lR, I 88 
Franck Condon principle, 49 
Free acids 

bond angles and lengths, 10-12 
a-carbon reactions, J 56-157 
carboxylic acid-type reactions, 149-161 
chemical reactions, 149-161 
colorimelry, 191 
condensation reactions with unlike molecules, 

151 
differential thermal analysis, 15 
electronic transitions for, 159 
esterification, l 12-116 
ether link cleavage, 153-155 
extraction, solvents for, 21 
fluorescence, 41!-49 
halogenation, I 56 
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IR spectra, 41 
mass spectrometry, 43-45 
meltingbehavior, 14-15 
nitration, 155 
partitioning behavior, 20-21 
phosphorescence, 48-49 
photodecomposition, J 59-161 
plant surface. residues, 196 
pyrolysis, 157-159 
salt formation, 149 
self-condensation, ring substitution and, 

151-153 
side chain oxidations, 1.56 
solubility and dissociation in water, J 7-18 
solubility, in organic solvents, 19, 63-64 
structure, I 0-) 3 
substitution at aromatic ring. 155-156 
synthesis, 107-112 
thermodynamics, 149 
UV spectra, 40 
vapor pressure and volatility. 32 

.free energy of activation, 37 
Free energy of formation (AG,), 149 
Freezing point depression, 2,4-D sodium salt, 38 
Peundlich isolherm, 35, 37,246 
Friction coefficients, 2.4-D, 140 
Fruits, auxins, I 
Fulvic acid/montmorillonite clay complex, 36 

2,4-D free acid adsorption onto, Freundlich 
constants for, 37 

isosteric heat of adsorption, for 2.4-D, 36 

G-8916-P, 125 
Galls, I 

G 

Gamma-( 4-chloro-2-melhylphcnoxy)b u cyric acid. 
see MCPB 

Gamma cyclization, amides, 175 

Gamma radiation, 172 
Garlon, 10 
Gas chromatography/ mass spectoscopy (GC/ 

MS), 3. :205 
and air sampling data, 240, 142-243 

Gas chromatograpby-microcouJontetry, 191 
Gas liquid chromatography, 2, 183- 188 

alkali flame detector. 186 
the column, I 84 
confirmatory methods, 186,188 
4-CPA, 205 
2,4-D, 205- 206 
electron capture detector, 183 
flame ionization detectors, I 83-184 
internal standards, 183 
MCPA, 205-206 
microcoulometric detector, 185-186 
microwave emission detector, 186 
relative peak height values, 2,4-D and 2,4.5-T 

esters, 187 
relative retention times, 2,4-D and 2,4,5-T 

esters, 186, 187 

Silve;oc, '..!06 
2,4,5-T, 205-206 
thermal conductivity detector (TCD), l 83 
in vaporization determination, 27-28 
2,4,5-Y. 205 

GC/MS-SID 
2,4-D butyl ester, 185 
2,4-D esters, l 88 
pentafluorobenzyl esters, 188 

Gel electrophoresis, I 92 
Gel filtrntion chromatography, 2 
Germination, volatile ester vapor and, 34 
Goethite, 37 
Gossypium var. Acala, 192 
Government licensing regulations, 126-127 
GR,0 , 248 
Grain 

2,4-0 dimethylamine,salt in. tolerance level. 
262 

phenoxy residues in, 261 
Granular formulations, drift of, 235 
Granular solid formulations, 125 
Gravity modifier, see Inert ingredients 
Greases, herbicidal, 126 
Great Britain, government licensing regulations, 

126 
Grob-typecapiUary columns, 188 
Ground (G) configuration, 159 
Growth hormones, I 

H bond energies, 13 
H -6 absorption. 43 
Half-lives. 251 

H 

Haloacctate, reaction with a phenolate. in ester 
production, 116 

Halogenation 
amides, 175 
free acids, 156 

Halophcnoxyacetyl esters, synthesis, 120 
Halophenoxyalkyl esters , synthesis, 119 
Hammen correlalions. 109 
Hammen functions, adsorption and, 35 
HCl/alcohol, in transesterification, 115 
HCl/pyrldine, and ether link cleavage, 153, 154 
Heat of adsorption, 35, 36 

:2.4-D. 38 
isostcrfc, for 2,4-D, 36 

Heat of fusion (AH1), J 5 
chlorinated phenoxyalkanolc acids, 51 
2,4-D amine salts, 16 

Heat of vaporization 
2,4-D esters, 66 
MCPA esters, 66 

Hedonal, 5 
Heptachlor, 249 
n-Heptane, free acid solubility in, 63 
Herbicides, inorganic, l 
Heterauxin, inorganic, l 
Hexane, in p-valuc determination, 22-23 
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l-lgO/ H,SO., reaction with 2-CPA, 161 
High performance liquid chromatography, 

J89-190 
official method for2,4-D, 190 

High speed liquid chromatography, 3 
HLB, 237 
1-l,PO,/IU, and ether link cleavage, 153 
H,SO •. and ether link cleavage, 154 
Humic acid, 36 

in adsorption of atrazine, 248 
2,4-D free l!cid adsorption onto, Freundlich 

constants for, 3 7 
flocculated , adsorption of 2,4-D and 2,4,5-T 

OnLO, 253 
isos1cric heat of adsorption for, 2,4-D, 36 
polymers, 170 
production, 165 

Hydra:l..ide derivatives, reactions, 176 
Hydrolysis, 18 

acid and base, 2,4-D esters. 164 
2,4-D 

amides, 177 
butoxye1hanol ester, 253 
esters, 255 

esters, 162-163, 233 
ratio of, to esterification constant, I l 3 
soil moisture and, 247 

Hydrolysis constants, substituted phenoxyncetic 
acids, 154 

Hydrosols, 246 
2,4-D levels in, 256 

Hydroxamate-Fe Ill colorimetry, 191 
J ,4-bis(l -Hydroxycyclohexy!)-J, 3-butadigne, the 

bis(2,4-dichlorophenoxyacet:ic ester), I 2 
4-Hydroxydiphenyl ethers, chlorinated, 121 
2-HydroxyethY!-2,4-dichlorophenyl ether 

bp,59 
mp, 59 

Hydroxyethylenediamine. water solubility, 61 
Hydroxylation, 165 

I 

l.C.I. Plant Protection, Ltd., 4 
Ideal gas law. 21 
ldeal gas method, 21, 25 
"' I labeling, 124 
Illite, 35 

2,4-D acidadsorption onto, Freundlich 
constants for, 37 

Impurities 
pnenolic, removal of, l 23 
in reaction products, 121-123 

Indian groundnuts, 2,4-D Tesidues in, 260 
lndol-3-yl-acetic acid (IAA), 1 
fndustrial manufacture and use, J 24-126 
Inert ingredients, 124 

of long chain amine salt formulations. 125 
Internal standards 

for extraction from milk, 201 
for gas liquid chromatography, 183 

Invert emulsions, 125 
I on exchange, 233 

capacity , in adsorption, 36 
clean up, I 94, 196 
in removal of pesticides from water. 259 

Lon-monitoring mode, 43 
Ion-selective eleccrode, for 2,4-D, 191 
Ionic conductance, 2,4-D sodium salt, 38 
Jonie strength, U.S. surface waters, 252 
[R spectra, 41- 42 

esters, 73-77 
pentafluorobenzyl esters, 213-215 
phenoxyacetic acids, 69-72 

Iron, 2,4-D salt, 117 
lso-Cornox 64, 7 
lso-Cornox Plus, 5 , 7 
lsocyanates, reactions, I 76 
[so kinetic temperature, 2 ,4-D synthesis, 109 
lsopredioxins, 121 
(sopropanol, free acid solubility in, 64 
lsopropyl ester, see Esters; specific acid 
Isotope dilution analysis, 191 
Italy, government licensing regulations. 127 

J 

J acid, in colorlmetry, 191 
Japan, government licensing regulations, 127 
Japanese quail, phenoxy residues in, 261 
Jordan, New York, 2 ,4-D concentration in ait. 

245 

K 

Kanesho Company, L1d., 4 
Kansas, TCDD contamination, 264 
Kelvin effect, 31 
Ketene, 44 

acerylation of2,4-D, 161 
reaction of chlorophenol with. 11 I 

Kidney, phenoxy residues in, extraction., 203 
Kil-Prop, 7 
Kilsem, 7 
Kinetic ideal gas approach, 25-27 
Knox Weed, 5 
Krezone, 7 
Krotiline, 5 
Kuron, 10 
Kurosal, 10 

L 

Langmuir isotherm, 35, 39 
Laser Raman spectroscopy, 50, 19 l 
Law(s) 

Beer's, 40, 41 
Frick's first law, 29 
ideal gas law. 21 
Raoult's, 28, 34 
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Leaching,36,233,246,248 
pH and, 247 

Leaching index, 249 
Leaf retentivity. 236- 238 

amount of retenLion, 238 
coverage values. 236 
leaf age and, 238 
retention factor, 238 
spread factor, 237 

Legumex, $ 
Legumex-DB, 6, 8 
Legurame, 8 
Lemna minor, 192 
Lemons, 2,4-D residues in, 26J 
Ley-Cornox, 6, 8 
Ley-Cornox HN, 6, 8 
Ligand substitution reactions, 168 
Lindane, 249 
Linormone, 7 
Liguid/air interface, evaporation and, 31 
Liquid chromatography/mass spectroscopy, 190 

amino acid conjugates in plants, 198 
Liquid/liquid clean up, 194- 195 
Liquid/liquid extraction, 20-21, 22-24, 252 
Liranox, 7 
Liver, phenoxy residues in, extraction, 203 
Locally excited (LE) configuration, 159 
Lomax Plus, 5, 7 
LO-VOL4T, 6 
Low electron volt mass spectrometry, 45 

Lumetron 2412, 7 

µInt. 67 
Maceration, 192 
MAD,5 
Magnesium 

2.4-D salt, 117 

M 

saltS, see Metal salts 
Mallinckrodt Chemical Works, 4 
Manganese, 2,4-D salt, I 17 
Mass spectrometry. 43-47 

amides, 47 
2.3-D 

11-butyl ester. 85 
2,4-D, 80 

amides, 90- 91 
amino acid amides, 92-96 
amino acid conjugates, 96-98 
buto"yethanol ester. 86 
o-bucyl ester. 85 
CD,-metbyt ester, 82 
ethyl ester, 86 
isooctyl ester, 86 
methyl ester, 81-83 
propylene glycol butyl ether ester, 86 

3.4-D 
n-butyl ester, 85 
methyl ester, 82 

2,4-DB, 80 
ester, 83 

2,4-DP methyl ester, 83 
esters, 45-46 
field desorption(FDMS), 47, 88-89 
free acids, 43-45 
low electron volt, 45 
MCPA, 80 

ester, 84 
MCPB ester, 85 
mecoprop ester, 84 
negative ion, 45 

2,4,5-T, 80 
salts, 47 
Sil vex ester, 84 
2,4,5-T ester, 83 
2,4.5-TB ester, 84 

Mass spectroscopy, see also Mass spectrometry 
2,4-D esters, 188 
for metabolites in plants, 198 
pentafluorobenzyl esters, 208-212 
specific ion monitoring, 186, 188 

Mass transfer. 29-30 
Mass transfer coefficient (K,.,), 30 

contact time and, 3 I 
Mass transfer factor (j,,), 30 
May and Baker, Ltd., 4 
McLafferty rearrangement, 46 
MCP,seeMCPA 
MCPA.1,6-7 

amine salts, 6 
water solubility, 61 

bp, 58 
2-butoxyelhyl ester 

heat of vaporization, 66 
vapor pressure, 66 

n-butyl ester 
fluorescence, 49, 99 
phosphorescence, 99 

"Cand 'HNMRdata, 78 
chemical name, 132 
colorimetry, 225-226 
degradation, in oxygen-free water, 253 
derivatives, dielectric potentials, 38 
diazomethylation, 114 
dioxins. 172 
esterffication, 113 
esters, 6 

bp,59 
heal of vaporization, 66 
mass spectra, 84 
mp, 59 
TLC. 218. 221 
UV spectra, 4.1 
vapor pressures, 66 
volatility, 33 

formula, 132 
ftrnction, 132 
gas liquid chromatography, column and 

conditions, 205-206 
half-life, on Prairie Oxbow chernozemic soil, 

251 
IR spectra, 72 
isotope dilution analysis, 191 
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leaching index. 249 
liquid/ liquid extraction, 22--23 
manufacture, 132-133 
mass spectra, 80 
mass spectrometry, 44 
metal sails, water solubility, 61 
methyl ester 

IR spectrum, 77 
TLC, 188,218 

in milk, 202 
mixtures, 6 
mp, 58 
mp depression, 15 
MW.6 
origin, 6 
other names, 7 
p-value determination, 22-23 
paper chromatography, 223-224 
pentafluorobenzyl ester 

absorption maxima, 212 
IRspecrra, 214 
mass spectrum, 209 
molar extinction coefficient, 212 
PMR data, 216 
preparation for GC, J 84 

persistence 
in soil, 250, 25 J 
on soil colloids, 248 

physical constants, 5 I 
pK., 18 
2-propyl ester 

heat of vaporization, 66 
vapor pressure, 66 
pyrolysis of tetraalkyJ ammonium salts and, 

115 
recovery (f .) from aqueous solution, 64 
residues, on plant5 and crops, 260-261 
silylation, I I 4 
silyl derivatives, GC of, 186 
sodium salt 

field desorption mass spectra, 88 
mass spectra, 47 
persistence in soil, 250 
water pollution, 256 

sodium salt + 2,4-D sodium salt, FDMS, 89 
solubility, in organic solvents, J9, 63-64 
synthesis, 109 
TLC, 218-221 
trade names, l 32 
transesterification, 115 
2,2.2-lrichloroethyl ester, 184 
vaporization index, 250 
water pollution, 257 
in wheat, I 93 

MCPB, 2, 7-8 
bp, 58 
chemical name, 133 
ester, mass spectra, 85 
csterification, 113 
formula, 133 
function, I 33 
liquid/ liquid extraction, 22--23 

manufacture, 133-134 
mass spectrometry, 44-45 
methyl ester 

IR spectrum, 77 
TLC, 188 

mixtures, 7-8 
mp, 58 
mp depression. 15 
MW,7 
origin, 7 
p-value determination, 22-23 
pentafluorobenzyl ester 

absorption maxima, 212 
JR spectra, 214 
massspt!clrum, 210 
molar extinction coefficient, 21 2 
PMRdata, 216 
preparation for OC, 184 

physical constants, 51 
pK., 18 
recovery (F .) from aqueous solutions, 64 
residues, on plants and crops, 260 
solubility, in organic solvents, 19, 63 
synthesis, 109, 110 
TLC, 218-220 
trade names, 133 

MCPP, sceMecoprop 
Meat products 

phenoxy residues in, 261 
TLC, 189 

Mecopar, 5, 7 
Mecoper, 7 
Mecopex, 7 
Mecoprop (MCPP), 2, 7 

amine salts, water solubilic.v, 61 
chemical name. I 34 
este.rs 

bp,59 
mass spectra, 84 
mp, 59 
TLC, 221 

formula, 134 
function, I 34 
manufacture, 134 
mass spectrometry. 44-45 
metal salts. water solubility, 61 
metb yl ei;ter 

IR spectrum. 77 
TLC, 188 

mixtures, 7 
mp depression, 15 
MW,7 
origin, 7 
pentafluorobenzyl ester 

absorption maxima, 212 
IR spectra, 214 
mass spectrum, 210 
molar extinction coefficient, 212 
PMR data. 216 
preparation for GC, I 84 

physical constants, 5 I 
pyrolysis of tetraalkyl ammonium salt, I 15 
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silylation. 114 
solubili ty, in organic solvents, 63 
TLC, 219-221 
trade names, 134 

Melting behavior, see also bp; m_p, 14-17 
amides, 16 
esters, 15 
free acids, 14-15 
salts, 16 

Melting poinL, see mp 
Mephanac, 7 

Mepro. 7 
Merck, 4 
Mercury, 2,4-D salt. 117 
Metabolites 

extraction from organic tissues, 203 
extraction in plants, 197 

Metal ions, in soil , 246 
Metal salts 

condensation reactions, 169 
2,4-D 

adsorption, 36 
laser Raman spectroscopy. 50 
mp, 58 

differential thermal analysis, 16 
ligand .substitution reactions, I 68 
melting behavior, 16 
mp, 58-59 
photodecomposition, 170-172 
pyrolysis, 169 
synthesis, 116-117 
water solubility, 19, 61 

Metastables 
n-bucyl esters, 46 
2-CPA methyl ester, 46 
4-CP A methyl ester, 46 
2,4-D 

free acid. 44 
methyl ester, 46 

n-octyl ester, 46 
µheno~yacetic acid methyl esters, 46 

Metaxon, 7 
Meteorological analysis, 241-242 
Methanol, free ac id solubility in, 64 
Methoxone. 7 
Methylamine 

UV spectra, 68 
water solubility, 61 

Methyl cellulose, I 25 
2-Methyl-4-chloropbenol, in milk, 202 
2-Methyl-4-chJorophenoxyacetic acid, see MCPA 
4-(2-Methyl-4-chlorophenoxy)bucyric acid, see 

MCPB 
2-Methyl-4-chlorophenoxyethanoic acid, see 

MCPA 
2-(2-Methyl-14-chlorophenoxy)propionic acid, see 

Mecoprop 
2-Methyl-4,6-dinitrophenol. see DNOC 
Methyl ester, see Estcr(s); speci fie acid 
Methyl isobutyl ketone, free acid so lubility in, 64 
2-Me(hyl phenol, paper chromawgraphy, 224 
2-Methylphenoxyacetic acid, chlorination, J J 0 

N-Methyl piperazine, in synthesis of amine salt 
compounds, 117 

4-Methylumbelliferone, in fluorescence 
measurement, 191 

Microbial degradation, 245,249,252 
aerobic, 255 

l'vlicrocoulometric detector, 185-186, 205- 206 
Microwave emission detector, 186 
Milk 

phenoxy residues in, 261 
extraction, 194, 201-202 
TLC, 189 

2-,4,5-T in, I 86 
Missouri 

poisoning of horse areas, I ii 
TCD0 pollution in, 265 

Molar adsorptive capacity, 2,4-0, 38 
Molar extinction coeffic"icnts, 40, 67-68 

pentafluorobenzyl esters , 212 
Molecular distillation, 28-29. 239 
Molecular weight, see MW 
Mondak,6 
Montmorillonite, 36 

2,4-D free acid adsorption, Freundlich 
constants for, 37 

Monuron. pltotodecomposition, 171 
Morpholine, ,\later solubility, 61 
mp (melting point), I 4 

acid chlorides, 58- 59 
y-(2-chlorophenoxy) butyric acid, 58 
2,4-0, 107 

alkylamine salts, 54 
amides, j4 
amino acid amides, 56 
esters, 52 
methyl ester, 15 

(w-2.4-dichlorophenoxy) alkanoic acids, 57-58 
free acids, 14-15. 51 
{J-(2-naphthoxy)butyric acid, 58 
y-(2-naphthoxy)butyric acid, 58 
phenoxyacetic acids, 57 
a-pbenoxybutyric acids , 57 
a-phenoxypropionic acids, 57 
2,4,5-T, 107 

esters , 55 
salts , 55 

y-(2,4,5-trichlorophenoxy) butyric acid, 58 
r-(2,4,6-trichlorophenoxy)butyrk acid, 58 

mp depression, 15 
Mud, 2,4.-0 dimcthylamine salt residues in, 257 
Muscle, phenoxy residues in, extraction, 203 
Mushrooms, phenoxy residues in , 261 
MW (molecular weight) 

chlorinated phenoxyalkanoic acids, 51 
2,4-D, 4 
2,4-0B, 8 
2,4-DEP. 8 
2,4-DP, 9 
erbon. 9 
MCPA, 6 
MCPB, 7 
mecoprop, 7 
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Silvex, 9 
214,5-T, 5 

N 

N-substitution, of aldchydes, 174 
NAA (naphthylaceric acid), I, 2 
Naphthaleneacetic acids, photodecompositiou. 

171 
/1-{2-Naphthoxy)butyric acid, mp, 58 
y-(2-Naphthoxy)butyric acid, mp, 58 
1-Naphrhylacetic acid, see NAA 
National Institute of Occupational Safety and 

Health (NIOSH). 126 
Negative inductive effect, 18 
Negative ion mass spectrometry, 45 

2,4,S-T. 80 
Neodymium (Nd), 2,4-D salt, 117 
Neodymium (3 + )-2,4-D. diffuse reflectance 

spectroscopy, 50 
New Lcgumex, 6, 8 
New Zealand, goveroro.ent licensing regulations, 

127 
"Ni, in 2,4-D ester chromatography. 184 
Nickel. 2,4-D sail, 117 
Nitration, free acids, 155 
Nitrile, oxidation, I I 0 
2,2' ,2-Nit'fi loetbanolam,ine, water solubility, 6l 
Nitrophenols, I 
2-Nilrophenylacetic acid, decarboxylation, I 58 
NMll, 43 sec also "C NMR; Proton ('H) NMR 

methyl esters, 79 
Nonherbicida! uses, 126, l 78 
Nor-Am Ag Products, 4 
Nonish type 11 process, 165 
Norway, government licensing regulations, ! 27 

0 

Oak conrrol, 2 
Oat (Sativa) root elongation, 192 
Occupational Safely and Health Administration 

(OSHA), 126 
Oceanic waters, phenoxy residues in, 260 
n.Octadecylamine, water solubility, 61 
Oil droplets, 236 
N-Oleyl-1,3-propylenediamine, 5 
Oligonucleotidederivatives, synthesis, 116 
Optical rotary dispersion, 50 
Optimum yield, 2,4-D, JOB 
Organic solvents, free acid 50lubility in, 63-64 
Organometallic compounds, synthesis, 116-J 17, 

151 
Osmosis, reverse, Oxalylchloride reactions, 111, 

176 
Oxidation 

chlorinated phenoxyethanols, I I I 
4-CPA, 156 
of corresponding nitrile, UO 
2,4-0 ;odium salt and esters, 149-150 

free acid, pH and, 149 
side chain, free acids, 156 

Oysters. 2,4-D residues in. 260 

p 

2.,3,4,5,6-P, physical constanl5, 51 
P/acettc anhydride, and ether link cleavage, 153 
p-value concept, 20 
p-valuc data, on recovery (F ,) of compounds 

from aqueous solutions. 64 
p-value determination, 22-24 

natural water and, 23-24 
Paper chromatography, ! 89, 223-224 

for metabolites in plants, 198 
Paper electrophoresis, 192 
Parachor, adsorption and, 3 5 

Partial pressure, esters, 65 
Particulate matter 

definition, 252 
in natural waters, 259 
suspended, in liquid/ liquid extraction, 21 

Partition behavior, 20-21 
Pea stem curvature test, 192 
Pea test of Went, 166 
Penetration, 239 

inert ingredients and, J 24 
organic based carriers and, 239 
volatility and, 239 

Pentachlorodioxins, 12! 
Pentafluorobenzyl esters 

absorption maxima, 212 
in gas liquid chromatography, 184 
GC/MS-SID, 188 
JR spectra, 213-215 
mass spectra, 208-212 
molar extinction coefficients, 212 
PMRdata, 216-217 

Pepro, B.P., 4 
Persistence, 234 

in aqueous systems, 252 
in soil, 250--25 I 

Pesticide, clean up procedure, 20 
Petroleum spills, 252 
pH. 

adsorption and, 35 
and decomposition of 2,4-D esters,, 166 
and dielectric potentials, 38 
and free acid oxidation, 149 
and recovery of compounds from aqueous 

solutions, 64 
of soil 

leaching and, 247 
moisture content and, 247 
phenoxy adsorption and, 246 

and ~urface tensions, 38 
of surface waters, 252 
and UV spectrum, 40 
and water solubility of esters, 163 

Phenetoles, 44 
electronic transitions, 160 
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Phenol(s) 
ch.lorination, 12 1 
colorimetry, 226 

Phenolate 
reaction with a haloacetate, in ester production, 

l 16 
solution~, electron detaching state, 172 

Phenolic impurities, removal of. 123 
Phenolic odor, in 2,4-0 synthesis, 108 
Phenox, 5 
Phenoxyacetic acid(s) 

adsorption, on activated carbon, 39 
n-butyl ester 

fluorescence, 49, 99 
phosphorescence, 99 

chlorination of, 110 
JR spectra, 69 
,.,, ... 67 
methyl ester 

meta~tables, 46 
NMR frequenc1es, 43 

rnp,51,57 
MW,51 
paper chromatography, 224 
para substituted, dipole moment, 38 
physical constants, 51 
pK., 51 
polarization, at infinite dilution, 67 
polarizibili~y, 51 

Phenoxyaceric acid anhydrides, chlorinated, J 61 
Phenoxyacetohydrazides, chlorinated, l 61 
Phcnoxyacetones, photoacetylation, 167 
0-Phenoxyacetylketoximines, synthesis, 116 
Phenoxyalk:anoic acids, nomenclature and trade 

names, 4-10 
tt-Phenoxybutyric acids, mp, 57 
Phenoxyethanols, ch.lorinated, oxidation or, I I I 
Phenoxymethylenephenooes, 167 
a-Phenoxypropionic acids, m11, 57 
/J-Phenoxypropionicacids, pyrolysis products, 

J57 
1:'henylacetic acid(s) 

chlorinated, photodecomposition, 171 
pyrolysis products, 157 

Phenylation, J 60 
{J-Phenyl effect, 160 
Phenyl-J acid, colorimetry, 191 
N-l>henyl piperazine, insy,llhesb of amine salt 

compounds, 117 
Phenylpropionic acid, 44 

electronic transitions, 159 
Phortox, 6 
Phosphorescence, 48-50, 99, 191 

n-butyl esters, 99 
2,4-D 

amine salts, JOO, 173 
1r-butyl ester, 167 

esters, 49-50 
free acids, 48-49 
salts, 50 

Photochemistry, amides, 175 
Photodecomposition 

~-sters, 165-167 
free acids, 159- 161 

primary processes, 160-161 
metal sails, l 70-172 
sensitization of. 171 

Photodegradation, 253 
Photo-Fries reaction, 166, 173 
Photolysis, 2,4-D esters, 253-255 
Photooxidation, 233 
Photoproducts, yield from 2,4-D/alcohol 

mixture, 162 
Photosensitization, 253 
Physical constants, 51 
Physical properties, 1-50 
Picloram, esterification, 113 
Piperidine, water solubility, 61 
pK. (in water), see also Dissociation 

2,4-D, J7-18 
free acids, 17-lll 

Plants 
bioassay, 192 
callus experiments, 197-198 
herbicide application 

formulation spraying, 235-2.36 
leaf retentivity. 236-237 
pollution from, 234-245 
spray drift, 235 
vapor drift, 238-245 

leaf experiments, 197 
phenoxy residues in, 193, 260-261 
cootcxperiments, 197-198 
surface residues, extraction, 196 
tumors, 1 

Plasma, pheno~y residues in, extraction, 203 
Plasma chromatography, 191 
PMR, pentafluorobenzylesters, 216-217 
POA, esters, 162 
POCl,/pyridine, and ether link cleavage, 153 
Polarizibility 

chlorinated phenoxyalkanoic acids, 5 I 
pheno,::yacetic ac.ids, 67 

Polarography, 192 
Pollurion 

air, 240-245 
from application to plant 1argets, 234-245 
drift and, 234-236 
formulation spraying and, 235-236 
physicochemical factors, .233-266 
preliminary tests for, 192 
of soil, see Soil polJucion 
2,4,5-T, 262-266 
TCDD, 262-166 
vapor drift and, 238-245 
water, 256-260 

Polymerization, 2,4-0 vinyl .:sters, 161 
Polymorphism, 15 
Portugal, government licensing regulations, 127 
Potassium permanganate, in free acid oxidation. 

149 
Potatoes 

2,4-D residues in, 193,260,261 
2,4-dicblorophenol residues, 261 
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pheoo»')' residues in, 261 
Prairie Oxbow chemozemic soil, 25 l 
Predioxins, 121 
Preemergence control, 235 
Propanil, photodecomposition, 171 
Propon, 10 
Propylene glycol butyl ether, 2,4-0, volatiliza1ion 

rate, 33 
Proton (1H) NMR, 42-43 

phenoxyacet.ic sodium salt, 78 
Pyrolysis 

amides, 174 
amine salts, 172 

esters, 164-165 
freeacids, 157-159 
metal salts, 169 
tetraalkyl ammonium salts, 115 

Q 

Quantum yield 
.2.4-0. in basic solution. 170 
2,4-dichlorophenol, 170 
2,4,5-T potassium salt, 17 l 

Quinones, as sensitizers, 17 J 

R 

Radioactivity 
in "C-2,4-O incubated soybean callus tissue, 

201 
in c•c2,4-D stem injected bean plant. 200 

Radiolabeled materials 
"C labeling, 123-124 
no I labeling, 124 
synthesis, 123-124 

Rainwater 
2,4-D in, 239 
2.4,5-T in, 239 

Raoult 's law, 28, 34 
Raphone. 7 
Rate constants, in 2,4-0 synthesis, 108 
Rate expression, in free acid synthesis, 107 
Razo!, 6, 7 
Reaction products, impurities, 121-123 
Reagent/solvent ratio, in silylation, 114 
Reddon,6 
Reduction 

amides, 175-176 
chlorocyclohexanes, 1 l l 

Reductive dechlorination, 160-165 
2,4-dichlorophenol, 172 

Refractive index 
2,4-D sod.ium salt, 38 
detection, 192 

Reglone, 5 
Residues 

in aqueous systems, 251-260 
in estuarine waters, 260 

in oceanic waters, 260 
in _plants and crops, 260-262 
in soil, see Soil pollution 
in water, 258-260 

Resonance energies, 13 

Retention, 237 
amount of, 238 
leaf age and, 238 

Retention fac~or, 238 
Retro Oiels Alder process, 44 
Reverse osmosis, 194 

2,4-D sodium salt, 259 
Reynold's number (RJ, 30 
R1va1ue, 2,4-0 amino acid conjugates, 199 
Rhomene, 6 
Rhone-Poulenc, 4 
Rhonox, 6 
Ring substitution, self-condensation and, 

!51-153 
Rocky Mountain Arsenal, 2,4-0 water pollution. 

256 
Rome, New York, 2,4-D concentration in aic 245 
Runcatex, 7 
Runoff, 256-258 
Russian winter rye, phenoxy residues in, 260 

s 
Salt(s). 13-14 

alkali, bond lengths, 14 
amine, 14 
chemical reactions, J6S-J73 
fluorescence, 50 
IR spectra, 42 
mass spectrometry, 47 
melting behavior, I 6 
phosphorescence, 50 
synthesis, 116-llS 
2,4,5-T, mp, 55 
!etraalkyl ammonium, pyrolysis, 115 
lJV spectn1, 41 

Salt Lake City, 2,4-0 concentration in air, 243 
Sand, 36 

2,4-0 free acid adsorption onto, Freundlich 
constants for, 37 

Saskatchewan, Canada, air sampling study, 2,4-D 
in, 242- 244 

Schmidt number, 30 
Schotten-Baumen technique 

for amide synthesis, J 18 
modified reaction, JI 9 

Sea incineration, Agent Orange, 159 

Self-condensation, ring substitution and, 
151-153 

Semparol ll67. 6. 7 
Sesonc (DES) 

GR,0 , 248 
mp, 58, 59 
paper chromatography, 223 
synthesis, J 19 

SES-T, JR spectra, 72 
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Seveso explosion, 122. 265-266 
Sherwood number, 30 
Shrubs, 2,4-D butyl ester residues on, 260 
smcagel, 36 

in clean up, 194 
2.4-D free acid adsorption onto. Freundlich 

constants for, 37 
Silvex (2,4,5-TP}. see also TCDD, 2, 9-10 

bond angles, 12 
bond lengths, 10, 11 
bp.58 
chemical name. 135 
crystallographic cell dimensions and densities, 

t0, 13 
degradation, 259 
diazomethylalion, l 14 
dioxins, 234 
esterification, 113 
esters 

bp,59 
hydrolysis, 163 
mass spectra, 84 
mp, 59 

food contamination. 261 
formula, 135 
function, 135 
gas liquid chromatography, columns and 

conditions, 206 
manufacture, 135 
methyl ester 

[R spectrum, 76 
paper chromatography, 223 
TLC, 188, 218 

in milk, 202 
A~~ /molar extinction coefficient, 40 
mp, 14, 58 
in musde, liver, and kidney, 203 
MW,9 
odor threshold, 259 
in organic matter, 258 
origin, 9 
paper chromatography, 223 
pentat1uorobcnzyt ester 

absorption maxima. 212 
IR spectrum, 215 
mass spectrum, 212 
molar extinction coefficient. 212 
PMR data, 217 
preparation for GC, 184 

persistence, in aqueous systems, 253 
phosphorescence, 49, 99 
physical constants, 51 
propylene glycot butyl ether ester 

crop damage from, 257 
residue on plants and crops, 260 
wa1er levels, 258 
waler pollution, 256 
resid•ues, in water, 258 

silylation, 114 
soil half-life, 250 
solubility, in organic solvents. 19. 63-64 
TLC. 218,220 

tolerance levels, in potable and fisheries waters, 
259 

trade names, 135 
transesterification, 115 
UY spectra, 40 

Silylatlon. 113-l JS 
Sinapsis arvenis, see Yellow chadock 
Sinox, see DNOC 
Sodium 2,4,5-trichlorophenate 

chemical name, 135 
formula, 135 
function, 135 
manufacture, 136 
trade name, 136 

Soil 
adsorption to 

2,4-D, 36 
ion exchange capacity, 36 

adsorptive capacity for neutral pesticides, 247 
decontamination, 25 I 
enzymes in, 245 
metal ions in, 246 
moisture 

2,4,D mobili ty and. 247 
hydrolysis and, 247 
persistence and, 250 
pH and, 247 

organic content 
persistence and, 250 

phenoxy adsorption and. 246 
pH 

moisture content and, 247 
phenoxy adsorption and. 246 

phenoxy residues in 
column chromatography, 194 
extraction, l 93, 202 
TLC, 189 

porosity, volatilization and, 249 
storage stuclies, 250 
temperature 

and pesticide toxicity, 248-249 
volatilization and, 249 

Htratible acidity. 247 
Soil erosion, and particulate matter, 252 
Soil pollution, 245-251 

adsorption, 246-248 
2,4-D,258 
persistence, 250-25 I 
pest icide movement within soils, 248-250 

Solubility 
in organic solvents, 19, 63-64 
in water, see Water solubility 

Solution, neutral, free acid esterification in, 
112- 113 

Solvents 
organic, 19 
for phenoxy extraction from vegetable matter. 

192 
Sorghum vulgareroot elongation, 192 
South Africa, government licensing reguJatioD$, 

127 
South Vietnam 
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soil study, 2,4,5-T persist.ence, 251 
TCDO pollution, 262-264 

Soxhlet extraction, 192 
Soybean callus tissue, "C-2,4--O in, 198,201 
Specific gravity, chlorinated phenoxyalkanoic 

acids, 51 
Specific ion (SI) mass Spectroscopy, 186. 188 
Spectroscopic properties 

C"and proton NMR, 42-43 
fluorescence, 48-50 
JR spectra. 41-42 
mass ~pectrometry, 43-47 
phosphorescence, 48-50 
UV spectra, 40-41 

Spectroscopic techniques, see also specific 
technique, 2 

Spray drift, 234-235 
Spraying, see Formulation spraying 
Spread factor, 237 
S,-T, energy gap, 48, 50 
S,-T, energy levels, 2.4--D, 167 
Stability, during storage, 234 
Stability constant, 2,4-D metal salts, 117 
Stanton number for mass transfer, 30 
Stauffer Chemical Compuny, 4 
Steric hindrance, 10, 18 
Stobbe product, 167 
Storage. stability during, 234 
Straw, phenoxy residues in, 261 
Structure 

2,4-D, 4 
2,4-DB, 8 
2,4-DBP, S 
2,4-DP, 9 
erbon, 9 
MCPA, 6 
MCPB, 7 
mecoprop, 7 
2,4,5-T, 5 
Silvex, 9 

Sugar beet, 2,4--D alkanolamine salt residues, 266 
Sugar glycoside. 193 
Sulfuric acid, 1 
Super Crab E. Rad 2, 5 
Surface area/molecule, chlorinated 

phenoxyalkanoic acids, 51 
Surface tension 

2,4--D derivatives, 38 
2,4--D sodium salt, 38 
and droplet deposition, 235 
mass transfer and, 31 

Surfactant, 124-125 
ester formulations, 125 
evaporation and, 235 
and HLB, 237 
long chain amine salt formulations, 125 
short chain amine salt formulations, 125 
volatility and, 239 

Synergism, l 
Synthesis 

aldoxime~. 120 
amides, 118-119 

amine salts, 117-JIB 
a-amino acids, 11 1-112 
aryl /3-isothiuronium ethane sulfonate ester, 120 
OEP, 119 
crbon, l l 9 
esters, 112-116 
free acids, 107-112 
halophenoxyacelyl esters, 120 
halophenoxyalkyl esters, 119 
impurities in reaction products, 121-123 
industrial, 124-126 
metal salts, J 16- l J7 
miscellaneous compounds, 119-120 
organometalliccompounds. 116-117 
radiolabeled materials, 123-124 
salts, I J 6-118 
Scsone (DES), 119 

Sweden, government licensing regulations, 127 

2,3,4-T 
IR spectra. 70 
physical constants, 5 I 

2.3,5-T 
IR spectra, 70 
physical constants, 51 

2,3,6-T 
IR spectra, 70 

T 

isotope dilution analysis, 191 
physical constants, 51 

2,4,5-T, 2, 5-6 
ac.ids, partitioning behavior, 20 
adsorption, 36, 247 

onto flocculated humic acid, 253 
amine salts, 6 

mp, 16 
water solubility, 61 

anions, soil adsorption, 246 
biodegradation, 254 
bond angles, 10, 12 
bond lengths, 10, 11 
bp,58 
butoxyethanol ester, OC, relative retention 

times and relative peak heights, 187 
2-butoxyethanol ester, dioxins, 158 
butoxy ethoxy ester, CR spectra, 73 
butoxy ethyl ester, TLC, 220 
!-butyl ester, partial pressure, 65 
i-butyl ester, TLC, 219 
n-butyl ester 

fluorescence, 49, 99 
IR spectra, 74 
liqufd/liquid extraction, 22- 23 
p-value determination, 22-23 
phosphorescence, 99 
TLC. 219, 221 

butyl glycol ester. water pollution, 257 
"Cand 1 H NMRdata, 78 
chemical name, 136 
2-chloroethyl ester, l 84 

J 
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colorfmetry, 225-226 
crystallographic cell djmensions and densities, 

JO, 13 
diazomethylation, I 14 
differential thermal analysis, 15, 159 
dioxin contaminants, see also 2,3, 7,8-

Tetrachlorodibenzo _p-dioxin, 3. 234 
effect on bees, 259 
esterification, 113 
esters, 6 

bp,55 
CO, relative retention times and relative peak 

heights, 186. 187 
hydrolysis, I 63, 247, 253 

mass spectra, 83 
mp, 55 
partial pressure, 65 
partitioning behavior, 20 
volatile, and seed germination, 34 

t'lher link cleavage, 170 
ethyl ester 

partial pressure, 65 
TLC, 219 

2-ethylhexyl ester, partial pressure, 65 
formula, 136 
functjon, 136 
gas liquid c.hromatography, 184 

columns and conditions, 205-206 
greases, 126 
half-life, in Prairie Oxbow chernozemic soii, 

251 
1-heptyl ester. partial pressure, 65 
I hcxyl ester, partial pressure, 65 
HPLC, 189 
IR spectra, 70, 72 
imoctyl ester 

GC, relative retention limes and relative peak 
heights, I 87 

lRspectra, 74 
persistence in soils. 250 

isopropy! ester 
GC. relative retention times and rela1Ne peak 

heights, 187 
!Rspel.'lra, 74 
liquid/liquid extraction, 22,-23 
p-value determination. 22-23 
paper chromatography, 223 

isotope dilution analysis, l 91 
leaching index, 249 
liquid/liquid extraction, 22----23 
manufacture, 136-137 
mass spectral fragmentation pattern, 44 
metal salts, adsorption of, 36 
methyl ester 

colorimetry, llS 
lR spectrum, 76 
partial pressure, 65 
TLC, 188,218 
transesterification, 115 

in milk, 202 
mixtures, 6 
A~./molar extinction coefficient, 40 

mp, 14. 58, 107 
in muscle, liver and kidney, 203 
MW,5 

negative ion mass spectrometty, 45 
negative ion mass spectrum, 80 
1-octyl ester, panial pressure, 65 
odgin, 5 
other names, 6 
p-value determination, 22---23 

paper chromatography, 223-224 
pentafluorobenzyl ester 

absorption maxima. 212 
IR spectrum, 215 
mass spectrum, 211 
molar extinction coefficient, 212 
PMR data, 217 

1-pentyl ester, partial pressure, 65 
persistence. in soil, 250--251 
phosphorescence, 49, 99 
physical constants, 51 
pl(., 18 
potassium salt 

mp, 16 
quantum yields. 171 

production and waste schematic, 138 
l-propyl ester, partial pressure, 65 
~propyl ester, TLC, 219 
n-propyl ester, TLC, 2 19 

propylene glycol butyl ether ester 
persistence in soil. 250 
runoff. 257 

pyrolysis, l 58 
recovery (F .) from aqueous solution!f, 64 

removal from water supplies, 259 
residues 

on plants and crops, 260-261 
in water, 258 

salts, mp, 55 
silylation, 114 
sodium salt 

!lip, 16 
water solubility, 61 

solubility, in organic solvents, 19, 63-64 
synthesis, I 07 
tas1e and odor thresholds. 259 

mratogenicity, 263 

tctraalkyl ammonium salts, pyrolysis. 115 
in tetradifon. 234 
TLC, 218-221 
tolerance levels, in potable or fisher ies waters, 

259 
in tomato extracts, 193 
toxicity, J 
trade names, l 36 
transesterification, l 15 
Lriethylamine sail 

persistence in soil, 250 
UV spectra, 40 
vapor 

exposure limit, 245 
levels for workplace air, 245 

vapor drift, 240 
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volatilization index, 250 
water pollution, 257 
in wheat, 193 
X-ray diffraction study, 15 

2,4,5-T Low Volatile Ester 6L. 6 
2,4,5-T/ picloram, 257 
2,4,6-T, 10, 18 

adsorption, on activated carbon, 39 
bond angles, 12 
bond lengLhs, JO, 11 
n-buryl ester 

fluorescenc,e, 99 
phosphorescence. 49, 99 

'' C NMR data, 78 
crystallographic cell dimensions and densities, 

10, 13 
dipole moment, 67 
JR spectra, 69 
isotope dilution analysis, 191 
µ,~, 67 
physical cons1ants, 51 
polarization, 67 

3,4,5-T 
IR spectra, 70 
physical constants, 51 

2,4,5-TB 
ester, mass spectra, 84 
methyl ester 

IR spectrum, 76 
TLC, 188 

_pentafluorobenzyl ester 
absorption maxlma, 212 
IR spectrum, 215 
mass spectrum, 21 1 
molar extinction coefficient, 212 
physical constants, 51 
PMR data, 217 
preparation for GC, 184 

2.4,6-TB, synthesis, 109 
TBA 

n-butyl ester, fluorescence and 
phosphorescence, 99 

fluorescence, 49 
TCDD. see 2,3, 7 ,8-'fetrachlorodibenzo-p-dioxin 
Temperature 

and adsorption, 35 
in amide synthesis, I 18 
for 2,4-D synthesis, 109 
and droplet particle size, 235 
in gas liquid chromatography, 205-206 
of pyrolysis, ll 5 
of soil 

and toxicity of pesticide, 248-249 
volatilization and, 249 

of waler, 2,4-D biodegradation and, 255 
2,3,4,6-Tet, physical constants, 51 
Tetraalkyl ammonium salts, pyrolysis, 115 
1.2,4,5-Tetrachlorobenzene, 121 
2,3 .7 .8-Tetrachlorodibenzo-p,dioxin (TCDD), 

121, 122 
administrative and legal actions, 263 
level in Agent Orange, 264 

pollution, 
Eglin Air Force Base, Florida, 264 
Garden City, Kansas, 264 
Missouri, eastern, 265 
Seveso, ltaly, 265-266 
South Vietnam. 262-264 
Utah, 264 

production, 2,4,5-T and . l 58 
residues, 257 

Tetrachlorodioxins, 121 
2,2',4,6'-Terrachlorodiphenoxy methane, 111 
n-Tecradecylaminc, UV spectra, 68 
Tetradi!on. 234 
2,3,4,6-Tetra P . isotope dilution analysis, 191 
Theophylline, in synthesis of amine salt 

compounds, 117 
Thermal conductivity detector, 205- 206 

internal standards for, 183 
Thermal conductiviry GC. 191 
Thermodynamics, free acids, I 49 
T hin layer chromatography (TLC), 2, 188- 189, 

218-222 
visualizing agents, I 88 

Thistrol, 7 
Thitrol, 8 
Thorium, 2,4-D salt, 117 
T hreshold odor levels 

2,4-D, 259 
2,4-dichlorophenol, 259 
2,4,5-T, 259 

Threshold taste levels 
2,4-D, 259 
2,4-dichlorophenol. 259 
2,4,5-T, 259 

Tippon, 6 
Tissues. organic 

phenoxy residues in 
column chromatography, 194 
extraction, 202-203 
TLC, 189 

Tilrative methods, for formulation analysis, 192 
Tolerance levels 

in food, 261 
in potable or fisheries waters, 259 

Toluene, 19 
free acid solubility in, 64 

4-Toly PA 
dipole moment, 67 
,,.,.~ 67 
polarization, 67 

Tomatoes 
and 2,4-D isopropyl ester vapor, 33 
phenoxy residues, 193 
and volatile ester vapor, 34 

Tordon 101, 5 
Tordon 155, 6 
Toxicity, 234 
Toxirnul 102, J 25 
2,4,5-TP, see Silvex 
Transacylation 

amides, 174 
pyrolysis. 172 

w 

--
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Transamination, 174 
Transesterification, 115, 164-165 
Transition melal-2,4-D complexes, 116 
Translocation, inen ingredients and, 124 
Translocation patterns, i1J plants. 2 
Transpiration technique, 32 
Transport, 234 
Transvaal, Inc. , 4 
Trasan, 7 
Trees, 2,4-D butyl ester residues on. 260 
Trex-San, 5, 7 
2,4,6-TriBr PA, 67 
Tributon, 5, 6 
Tri-ll-butyl amine, water solubility, 61 
Tributyl phosphate, 19 

as adjuvant, 124 
Tributyl-tin-2.4-D compound, synthesis, 111 
2,4,6-Trichlorobenzoic acid, see Tl3A 
Trichlorodioxins, 121 
2,2,2-Trichloro esters, EC/OC of, 195 
2.4,5-Trichlorophenolate, 122 
2,4,5-Trichloropheno)(s) 

fluorescence, 49 
industrial production, (21 
in milk, 202 
phosphorescence, 99 

2,4,6-Trichlorophenol, impurities, 121 
2.4.5-Trichlorophenoxyacetic acid, see 2.4,5-'T 
2 4 6-Trichloropheaoxyacetic acid, see 2,4,6-T 
y'.(i,4,5-Trichlorophe1Joxy)buryric acid, mp. 58 
y-(2,4,6-Trichlorophenoxy)butyricacid, mp, 58 
J 4 5-TrichJmophenoxy ethanofcacid, sec 2,4,5-T 
;~(i,4,5-Trichlorophenoxy)ethyl-2,2-

dlchlornpropionate, see Erbon 
2-(2,4,5-Trichloro)phenoxy propionic acid, see 

Silvex 
Tri-Cornox, 6 
Tri-Comox Special, 6, 9 
Triethanolamine 

2.4-D salt 
dielectric potential, 38 
~~-.. 41 

water solubility, 61 
Triclhylamine, water solubility, 61 
Trifluralin, 249 
2,4,6-TriMe PA, 67 
N, O-bi.r(Trimc1.hylsilyl)acetamine (BSA), in 

silylation, 114-1 15 
Trimethylsilyl chloride, in silylation, 115 
Trinoxol, 6 
Triphenyl-tin,2,4-D compourtd, synthesis, L 17 
Triplet sensitizers, in photodecomposilion, l 71 
Tritium foil, in 2.4-D ester GC chromatography, 

184 
Tritrol, 8 
Tropotox, 8 
Trotox, 8 
Trouton's ruk, 25 
Tween20, 12-5 

Uniroyal Chemical, 4 

u 

Uttited States, government licensing regulations, 
126 

Urine 
phenoxy residues in 

extraction, 194, 203 
TLC, 189 

U.S. Borax Research Corp., 4 
Utah, TCDD contamination, 264 
UV-B radiation, 253 
UV light, and ether link cleavage, 153 
UV spectra, 40-4 J 

amine salts, 68 
frec2,4-D acid in methanol, 68 

V 

Vapor drift, 234, 238-245, 249 
Vapor pressure (P), 21-34 

2,4-D amine salts, 34 
esters, 66 

esters, 32--34 
free acids, 32 
MCPA esters, 66 

Vapori7.ation 
in aqueous systems, 253 
2,4-D esters, 255 

Vaporization index, 250 
Vaporization rate 

gas liquid chromatography in, 27-28 
mass transfer approach, 29- 30 
molecular distillation approach, 28-29 

Velocity, tenninal, of water droplet, 236 
Velsicol Chemical Corp., 4 
Veon,6 
Veon 245, 6 
Yerton, 5 
Vineland Chemical Company, 4 
Vipar, 5, 7 
Vipex, 7 
ViS\.-oSity, and droplet size, 235 
Volatilicy, 21-34, 233 

amides, 34 
amine salts, 34 
esters, 32-34 
free acids, 32 
penetration and, 239 
.surfactant and, 239 

Volatilization, 235 
from droplets, 31-32 
from soils, 249 

Volatilization rate 
2,4-D esters, 32-33 
ideal gas method, 21, 25 
kinetic ideal gas approach, 25-27 

Yonisol 100, 125 

w 

Washington State, air sampling study, 2,4-0 
compounds in, 240-242 
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Wash-oul, 243 
Water 

droplets, dispersibility and terminal velocities, 
236 

natural, and p-value dele.rmination, 23-24 
oxygen-free MCPA degradaLion in, 253 
phenoxy residue.~ in, 258 

column chromatography, 194 
extraction, 204 
TLC. 189 

removal of pesticide from, 259 
surface (natural) 

ionic strength, 252 
pH, 252 
phenoxy residues in, 258-260 

Water pollution, 256-260 
Water solubility, 233 

amides, 19 
amine slsts, 61 
chlorinated pheno.xyalkanoic acids, 51 
2 ,4-D, 17, 62 

esters, 163 
sodium salt, 38 

esters, I 8 
pH and, 163 

free acids, 17-18 
metal salLs, 61 
salts, 19 

Water temperature, 2,4-D biodegradation and, 
255 

Weedar64,5 
Weedar Sodium MCPA, 6 
Weedar 2,4,5-T, 6 
Weed-B-Gon, 5 
Weedmaster, 5 
Weedone, 5 
Weedone 128, volatility, 33 
Weedone 170, 5, 9 

Weedone638, 5 
volatility, 33 

Weedone2,4-DP, 5, 9 
WeedoneLV-4, 5 

volatilily, 33 
Wecdone 2,4,5-T, 6 
Weedone 2,4,5-TP, 10 
Weed-Rhap A-4D, 5 
Weed-Rhap LY 4D, 5 
Wheal 

acid methanol exrraction, 193 
pbenoxy residues in, 193 

Wick effect, 239,249 

X 

X-ray diffraction, 15 
X-ray fluorescence, 50, 191 
Xylene, 19 

free acid solubility in, 64 

y 

2,4.5-Y. gas liquid chromatography, columns and 
conditions. 205 

Yel low charlock, I 

z 

Zelan, 7 
Zinc, 2,4-D salt, 117 
Zirconium, 2,4-D salt, I 17 
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