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sy BRIEF o0

A raﬁid gas chromatoqraphic method for the measurement of several
phenoxyalkanoic acid herbicides in soil samples is described. Average

recovery of herbicides added to soil ranged from 99.7% to 87.5% (+4.9%).



L INTRODUCTION: __ |
" The problens associated with the ecologically safe disposal of cgﬁfaﬁfQQ
ated or excess pesticideﬂégzgs}eceived increased attention in recent years.

Among thdse.compounds requiring a safe method for disposal are the halogenated
phenoxyalkanoic acid herbicides, 2,4-dichlorophenoxyacetic acid (2,4-D),

(2,4,5-T) o
2,4,5 trichlorophenoxyacetic acid 27355=F), and their esters. One of ther “~wm-

me2ns of disposal of these herbicides which has been suggested is soil bio- -
| degradation, wherehy the herbicides are incorporated in soil and degraded by  ”§
: :i#oil microorganisms. (1). In order to evaluate the effectiveness of this |
technique, analytical procedures are necessary for the measurement over a
wide range of concentrations of both the n-butyl esters and the sodium salts
of 2,4,-D and 2,4,5-T. Since evaluation of the biodegradation technique w111r
require the analysis of large numbers.of soil samples taken from relatively -
large field plots, an analytical procedure which is not oniy accurate and -
~.precise but also rapid and simple to perform is required. A number ;f diffeveﬁt:;
~ techniaues ha#e heen devised for this type of analysis (2-4), however, many of -
5; these'procedures tend to be complex and time consuming since they were deSignéd. E
:Ifor §amp1es where herbicide concentrations were low and many interfering sub- -~
stances were present. This paper will describe a simple, rapid and accﬁrate‘
'fbrbcedure for the simultaneous determination of the n-butyl esters of 2,4-D  f_'1

‘and 2,4,5-T and their corresponding hydrolysis products in soil samples.




"APPﬁRATUé A Beckman Gas Chromatograph Model GC-45 equ1pped with a
- hydrogen fiame-10n1zat1on detector was employed. Columns were 6 ft X 2 mm

. i.d. glass u-tubes packed with 80/100 mesh chromasorb W coated with 10%

_,;;EDC~200 si]icdhé'gum as the stationary phase. A1l co]umns used were sugp]ied

by the instrument manufacturer. Cond1t1ons for the chromatoqraphy weﬁé* fww»h

1¥ Ltemperatures, 1n1et, 245°C; column, 220°C; detector, 250°C air flow

.fcarrier (heTium) 60 cc/min, detector make up {(helium}, 60 cc/min, hydrogen,_f

ﬁ50cc/min--a1r,:250 cc/min. One microliter samples were_1n3ected_d1rect1y on .
: CO]umn : Do _ |

REACENTS Mefhano! Chldroform;'dcety?chToride and anthracene were

'ACS reaqent grade chem1cals (J.T. Baker) and were used without additional'
ipur1f1cat10n The sod1um sa1ts of 2 4 dich1orophenoxyacot1c acid (2 4 D)

Eand 2, 4 5 tr1ch10r0phenoxyacet1c acid (2,4,5-T) were practica] grade (Dow

iChemical Co ) The h- ~butyl esters of 2,4-D and 2,4,5- T were ana]yzed to, be f-,éﬁ

;foreater than 99? pur1ty (Hercules, Inc.): 3% solution of anhyrdous hydrogen.

Lch’or1de 1n methano1 was prepared by reactan ml of'acety1 ghl0r1qe wjthlJ 
5100 m1 of methanol (5)_ e L |  _ ".L  ¥? .
PROCEDURES Standard solutions of the n- hutyl esters and the sodium
,_w'salts ‘of 2,4- D and 2 4 -T were prepared by dissolving we1qhed amounts of

"!;- each compound in either chloroform (n—buty1 eftcrf) or methano1 (sodium salts)-ﬂﬁp

After ser1al d11ut10ns were made the sodium salt solutions were reacted with

.8 3% (w/w) so]ut1on of anhydrouq HCY in methano1 (5 ml herh1c1de sa1t standard
fsoiut1on p]us 1 5 ml 3? HeT: mothano]) in order to form methyl esters suitab1eﬁ?5-

 for chromatography.' After heating for-15_m1nutes at 55°C, a sufficient vo1ume£;Lg

*Qf.a chTOro?oFmﬁéo1ution of anthracene inferna1 standard wés?added td 6btain’a



............

-f1na1 1nterna1 standard concentrat1on of 10 uq/ml 50 ug/ml or 250 ug/mI ;;Hfﬂj)hg

f'fdepend1ng upon the herb1c1de concéntrat1on of the standard solution.
??Suff1c1ent 1nterna1 standard so]ut10n was also added to the n-butyl ester
solutions to obtain the same range of internal standard concentrations as
used with the sodium salts., A1l standard solution volumes were adjusted to

s mJO m? with chloroform prior to chromatography.

Standard curves for each herbicide were prepared by the chromatography

§ gf standard solutions of varying herbicide concentration, calculating the

‘a”irratios.of the individual herbicide GC peak areas to the GC peak area of
J_the internal standard and plotting these ratios against the actual herbicide .
. concentrations in the standard solutions. Concentration curves were prepared B
 _.f:f0r each of the four herbicides at three differant concentration rangés; |

'”3.,(0 10 uq/m1, 10-100 pg/ml, 100-1000 ug/mi).

S0l samnles used for evaluating the procedures were prepared by
.dissolv1nq weighed amounts of each of the four herbicides in anhydrous
methanol and adding this solution to representative control soil samples
.. contained in 1 Titer round bottom flasks. Solvent was then removed from the'{j;a
fﬂ;Q,samples using a rotary f1a§h evaporator. Control soil samples had been
wf{i:previousjy ana?yied and shown to be free from herbicide residues.
| ' Soi?isamples were analyzed in the following manner. Five grams of
i?reated'soi1 were placed in 16 mT.gluS; screw top culture tubes, and the
'”r”herbicides extracted with 10 ml anhydrous methanol by heating the sealed -
ff:f:tubes at 556C in a water bath. Samplies were shalien periodically durin§ the.. fl7
1 :heating period._ After cooling, a 5 wl aliquot ot the methanol extract was

'i::ﬁtransferred to a clean cutture tube and mixed with 1.5 ml of 3% HCT:methanoi%_fﬁf'

g e




React1on was’ a1]owed to Droceed at 55°C for 15 minutes. The samp]es wgreu,ﬂ

_;allowed to cool to room tempéraghre andigfﬁfmi of a chloroform solution of"f
::internal standard added, The final concentrat1on of internal standard ob- 5
tained was e1ther 16? a/ml, 5Q g/ml or 250 a/wl, depend1nq upon the E;4%
“expected range of herbicide present. One microliter samples were analyzed

eZ by ga$ chromatography. $0i1 concentrations were determined by mu1tip1y%ng' ¥:{;&w

'~*lthe concentrations in mg/ml obtained from the standard curves by a factor of

“four to obtain the concentrations in micrograms of each herbicide per gram
IALubf 5011, Soil samp1es obtained from biodegradation test plots were ana1yzed.

' ip the same manner.

" RESULTS AND DISCUSSION: |
E Employing the chrométographic conditions outlined above, the four Hérbi-f » £"
"'1”'c1des of 1nterest could be separated from each other in less than ten m1nutes

. lds, shown 1n Figure . Th1s figure also 111ustrates the freedom of the samp]es

_;from 1nterferr1nq substances which might be present in the soil. In thei 5‘;
~ chromatogram, the herbicides which were present in the soil as either sajtsl

sor free acids appear as methyl esters. The esterification reaction appéared?r”ﬁfwﬁ

jto produce a quantitat1ve yield of methyl esters regardless of the equi]ihrium f;??
< form of the herbicide which was present.

F?ve rep]1cate soi] samples. for each of five different herbicide concen~ _.f
trations were ana1?zed All qamsfws were analyzed on the eaﬂ@:day as they

prre prepared 1n order to m1n1m1zo hydr01y51s of n- hutyT esters due to

“ the preva|11ng”a1ka11nuty (ph-8.4) of the soil which was used. The resu1ts
”f,of these'ana1y51§ are given in Table 1. Three additional veplicates at two
- ﬁ;ﬁ¥concentration‘1eve1s were stored at 4°C for 24 hrs ‘then analyzed for the .. .

“*TTffpurpbéé.OFIevaluating the degree of hydrolysis. These data are presented-y“,'“:'*




Percentaqe \
Rerove_z_

3

;4,5 T,_n butvlﬁ.f f'h




'f*zin Table II. Average recovery, of total added herbicide ranged from 99 7%

| at s0i1 concentration of 8 mg/g to 87.5% at soil concentrations of O. 04 mg/g

The mean relative standard deviation for all four compounds of interest

was + 4.9%. It appears from the data contained in Table 1 that approximately
8% of the n-butyl esters of 2,4,5-T and 12% of the n-butyl esters of 2,4-D

'H.Lconta1ned in any sample are converted to methyl esters by the der1vat1ve

;;form1ng reaction. Since this rate of conversion is relatively constant at

"'ﬁ?:q1l herbicide concentrations, a conversion factor may be added in order to’ "
7.-;ihpr0ve the accuracy of the analysis. The data presented in Table II indi- :. o
cates a re1ative1y rapid hydrolysis of the n-butyl esters of 2,4-D and 2,4,5-T  .
when exposed to alkaline soil. “In the 24 hr period of exposure, 9% of the
n-butyl ester of 2,4-D and 8% of the n-butyl ester of 2,4,5-T were ﬁydrolyzed:

| It should be noted that in this calculation it is presumed that some of the -

ﬁ:thdro1ysis of esters noted, is due to the derivative forming reaction. This
presumption is based upon studies made with different concentrations of HCT. ¢

_At catalyst concentrations lower than 3% (w/w), recovery of thé n-buty1 esters” ; 

... from soil samples approached 100% while recovery of the herbicide salts = . . .

;i'j_decreased rap1d1y if the samples were analyzed immediately after preparation qhgli

; These data 111ustrate the necessity of analyzing field soil samples as soon if fQ5

. _after remova] from-the test plots as possible if a comparison of esters andsuf:,fﬁ

"'[_salts is nocessary

At the conc1uq1on of the andlyr1s of the prepared soil samples a .

5v5¢_-numher of Samp1es were obta1ned {rom USA! sotl brndnqradat1on test p]ots and

*fana1yzed for herb1c1de res1due4. A herh1c1de 10rmu1at1on of the n- buty1

'e*ters of 2 4- D and 2,4, 5 T had been- 1ncorporatod at severa1 different

app11cation rates into the 9011 of these p]ots Table III contains the'data



'HYDROLYSIS OF HERBICIDE ESTERS ADD TO ALKALINE SOIL SAMPLES

TABLE 11 }.m >

Amount

Time of

Percent increase/

B PR

_ Average
S added mg/g exposure amount decrease of 24 hr .
. Compound soil ~hrs ' __recovered exposure
2,4-D, Na 2.00 - 0 2.19
2,4-D, Ma 2.00 24 2.7
_ - +26.0
- 2,4-D, n-butyl 2.00 0 1.85
. 2,4~ n-pbutyl 2.00 24 1.38
o ) ' : -24.0
2,4,5-T, M2 2.00 0 2.08 _
C2,4,5-T, 2.00 24 2.40
_ . L +16.0
2,4,5-T, n-butyl  2.00 0 1.84
- 2,4,5-7, n-hutyl - 2.00 24 1.58
L 2,4-0, ha 1.09 g 1.12
2,8-0, Nz 1.00 24 1.32
: ' +20.0
© 2,4-D, n-butyl 1.00 0 .85
2,4-3, n-buty! 1.60 24 .12
-14.0
2,4,5-T, N 1.00 0 0.98
- 2,4,5-T, Na 1.00 24 1.14
o e ; +16.0
2,4,5-T, n-butyl 1.90 o 0.88
- 2,4,5-T, n-butyi 1.00 24 0.71
o : : _ -19.0
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T mete

CETERMINATICN OF HERBICIDE CGNﬁENTRATIOHS 1% SOIL BIODEGRADATION TEST PLOTS

2,4-D n-butyl

Mean

o

.0132.002

B S —SoT —740 Ta A5 TN 2.4,5-T nobutyl
— Samp?e.ﬁ'  Depth - mg/g mg{g _ ma/g ma/q
S PR - 0.740 0.376 - - 0.700 - 0.326
-2 s 0.698 0.384 0.650 0.303
-3 i 0.731 0.268 0.684 0.340
-2 g 0.720  0.385 0.706 0.327
-5 0.726 0.361 0.671 0.315
Mean * o 0.727+.018 0.369:.012 0.682:.023  ©0.322:.014 -
2.1 2.5 9.835 1.05 0.410 1.62
2-2 : 5.210 1.15 0.426 1.70
5.3 . 0.856 1.08 0.410 1.66
e . 0.795 1.06 0.302 1.57
5.5 0.852 1.10 0.408 1.60
Mean £ = 0.850x.G42 1.08%.040 0.409+.010 1.632.043
3-1 6-12 0.125 0.015 6.098 0.032
3.2 . 0,130 0.015 0.100 0.042
3-3 . 0.117 0.013 0.110 0.035
3-4 . 0.115 6.011 . ©0.035 0.040
3.5 " 0.132 0.014 0.112 0.038
g 0.128£.015 0 0.103:.008  0.037+.004




_obialned from flve rep11cate analyses from three dlfferent samp1es taken

from the test p10ts As can be seen fhem the data in the table, the concen—! -
~ trations of the d1fferent herbicide residues in these plots varied greatly,
however, the Mean relative standard deviation (+ 6. 1%) for all samp]es varfed -
Ion]y slightly. from that determined when prepared samples were used. Thls |
'1nd1cates that the analyt1ca1 technique is applicable for the determ1nation h
of herb1c1de re31dues over the large concentration ranges found in actual field h
sampTes '_ _ | _ | :”-, ;
In add1t1on to the relatively high precision and accuracy of the ana1y-:ieﬁﬂ'
el tita] procedure one of 1ts major advantaqes is the number of samp?es which .

9f.can be ana?yzed for four different components in a short per1od of time The

- t1me requ1red for one individual to ana1yze 12 soil samp1es was 3-4 hours oﬁ

f:”m_dbout_30 m1nutes per samp]e.._Sens1t1vity of the procedure allows accurate

o measurement:ef any of the four compouiids at levels greater than 4 miérogramff_j“f

gpam'soii. It was also nofed:during'fhe investigation that; if desﬁred t"°.;:u}

“:flffothek ester fohmﬁ]atidns {octyl and iso-ocytl) of 2,4-D and 2, 4 5-1 C°U1d

ffbe determ1ned s1mu1taneous}y with the analysis described previous?y
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Lisf'ﬁ?“?i§UFé“Caﬁiions

Figure 1: Gas chromatogram of the extract of a prepared soil sample containing
I ng/g each 2,4-D and 2,3,5-T sodium salts and 1 mg/g each 2,4-D and 2,4,5-T
n-butyl esters. Salts were converted to methyl esters prior to chroma-
tography. Chromatographic conditions as outlined in experimental section,

attenuation = 1000x.
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