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ABSTRACT

A simple procedure iy described for simultancous extraction
from soil of 2-chloro-4-cthylamino-G-isopropsylamino-s-trinzine
(atrazine),  2-methylthio-4-cthylamino-G-isopropylamino-s-tria-
dne (ametryne) ard their common hydrolysate (hydroxyatra-
zine = HA). The procedure imvolves extraction by shaking in
acidificd methanol, centrifugation, and subsequent guantitative
separation of HA from the parent trinzines by liquid-liguid par-
titioning. The pll of methanol wis adjusted with 4N HCI to
obtain a final pll of 2.5 in the soil extract, using a 1:10 soily
solvent ratio. HA recovery with one extraction wis 04 for
hoth Molokai (Tvpic Torrony and Hilo (Hydrandept)y soils
having soil extract pH values of 2.4 and 3.4, respectively, In
all cases atrazine and ameteyne were quantitatively recovered
in soil extracts. After protanation 11A was quantitatic ely wep-
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arated from the mixture of HA and atruzine or ametryne by
partitioning in an aqueous methanolic soil-extract/chloroform
system when the water/methanol extract ratio was 1.25. HA
extraction from sil was extremely pIl dependent. Dissolution
of calcium chloride in acidified methanol decreased recovery
of added HA from 94 1o 767 for Hilo soil but had no effect
on T HA recovery from Molokaj soil; the electrolvte was found
to increase the pll of Hilo soil extract. a result of the net posi-
vive charge of this «oil at low plL The recovery of added HA
from Ca-montmarillonite was B3, sugeesting that the pro-
cedure may be less suitable
negative charge.

for soils with high permanent

Additional Index Words: trinzine extraction, herbicide ex-
traction, triazine metabolite, soil extraction, extraction,

ixtraction from Soils

AN IMPORTANT PATHWAY of degradation and detoxication
of s-triazine herbicides in soil 1s thejr nonbiological
conversion to corresponding hydroxyanalogs (Adums,
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1966; Armstrong and Chesters, 1908: Arnwtrong, Chesters,
and Harris, 1967; Russell et al., 1968: Skipper, Gilmore,
and Furtick, 1967, Obien, 1970: Obien and Green, 1969).

A quantitative extraction of s-triazines and their degra-
dation products is essemtial to studies of their fate and in-
teractions in soil. Numerous references could be  cited
reporting  procedures for extraction of 2-chloro-4-¢thyl-
amino-6-isopropylamine-s-triazine (atrazine) from soil, but
litthe has been published on the recovery of 2-methy Ithio-
d-cthylamino-6-isopropylamino-s-triazine ametryne)  and
their common  hydrolysate: 2-hydroxy-4-cthy lamino-6-iso-
propylamino-s-triazine  (hydroxyatrazine.  hereatter  called
HA). Although s-triazine herbicides are soluble 1n most
orgamic solvents. methanol has been preteried by many
workers for extraction cither by shaking or by wwe of the
Soxhlet apparatus. The 2-hydroxy products 71 s-triazines
are much less soluble than the parent compounds. and be-
tng more polar are capected 10 be adsorbed on soil to 4
greater extent.

HA i readily dissolved in water or methanol by acidifv-
ing with difute HCI to protonate the HA molecule. The
PR, ol HA has not been reported, but measurements on
hydroxy analogs of other triazines suggest pR, SoWard
and: Weber (1968) reported that aqueous solubilities ol
hydroxysimazine and HA were 44 and 38 times higher.
respectivels . at pH 3 than at pH 7. Solubility of ametryne
was daubled at pH 3.

Protonation of HA on the surface of soil colloids results
in the formation of 4 keto form of the protonated hydroxy
species (Russell et al.. 196%) Adsorption of HA associated
with protonation increases the difticuliy ol recovening HA
from soil. Dealhylated hydroxy-s-triazmes are among the
possible degradation products which are even more polar
than HA and are Bikely to pose a more severe estraction
problem. SKipper et al. (1967} recovered only 2577 of
the apphied "C-atrazine 1in methanol extracts of sterile and
nonsterile soals, 2 to 4 weeks alter 'C-atrazine treatment.
The low recovers of M'C was probabhy due 1o adsorption
of HA, the principal product of atiazine degradation
soils. Harris (1965) studied  sinvazine hvdrolysis i soils
and found that Soxhlet extraction with methanal recon -
ered most of the simazine but less than half of the
hvdroxysimazine. He recovered additional amounts of hy -
droxysinazine with 005N sodium hyvdroside in the subse-
quent extraction. Alkali extrachon from <oil pequires con-
siderable cleanup before the extiact ¢ e wsed  for
chromatographic and other analvses (Harris, 19671 Obien
(1970) obtamed slight!y higher recovery of applhied HA
from Kapaa soil (pit
ments when 0.05N calcium chloride solution in methanol

49y durmg adsorption measure-
was emploved as the extractant. Hance and  Chesters
1970) reported 89597 recovery of MCoabeled HA from
a ortiflied soil in three successive extractions: (i) with
OIN HCL () retluxing with methyvl cvanide-water (9117,
and (i) refluxing with methy] evanide-water  ammonia
(V0:9:1). This procedure possibly  cannot be  employed
when the parent compounds are also present in the soil due
to the likelihood of hydrolvzing the parent compounds in
the acid extraction.
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Separation of Hydroxy-Product from Parent Compounds

Partitoning of HA from atrazine in agueous sorf pertu-
sate wias achieved by Armstrong et al. (1967 0 S-mi ali-
quots by adding sutticient HCL to obtain pH 3, tollowed
by three successive extractions with 3-mi portions ot chlor-
oform 1 a separatory tunnel. Atrazine was thus removed
in chloroform. leasing HA in the agueous pthase; HA was
estumated by ultraviolet spectraphotometry with 89 997
efficiency ot separation in standard sofution. This process
was moditied by Obien (1970) 1o altow analvsis of o large
number of sumples at one e He placed o 2.ml meth-
anolic or aqueous sorl-extract sample ina test tube, acidi-
fied 1t with 05 ml ot 03N hvdrochlone acid and extracted
with & ml chlorotorm HA was estumated in 1oml ot the
agueous phise by semullation counting The partitioned
HA was 48370 of the apphied quantity momethanot

Research on the degradation ol atrazine and ametiyne
in our lauboratory required improved procedures tor extact-
ing these compounds along with then degradanon products
tram soal for quantitative deiermmations on a large nwher
of samples Sinee ot was known that the parent triazines
could  be quantitatnely desorbed  in methanol (Obyen,
FOT01 etiorts were concentrated manndy on the recoserny
of HA while keepimg the pH high enough 1o present any
acid hyvdrolvas of the parent compounds, 1 present. The
optimized procedures were then tested tor the simultancous
extraction of HA and the parent compounds

MATERIALS AND METHODS
Fxtraction of HA from Soil

Molokar Hidoo or Kapia sotface sonl samples 120 g oven
div wewrhty were placed i S0ml polvethvlene  centnifuge
tubes  The sanl properties are given an Lable 1 Sail samples
were treated with aqueons solunions of P e Labeled com-
pounds To give 1275 wp v concentration ctotaly of HA alone
or HA mined with halt the amount of ametrvne o1 atrazine
Water content of the sonl was established at a value correspond
g to o zero moisture tensien The tubes were then cosed with
tubber stoppers, shahen o py the contents, and stored ol toom
tempetature (200 1C A equal. number ot soib samples
were stared with the same water content bat withont amy 1.
labeled tnazine compounds added Ater 40 hons ol storage,
all soib samples were extracted m duplicate with 20-ml portions
of methanol contammy difterent aimonnis of 4N HCL 100 )
volume wath o withour addition ot calam chlorde (0088
with respect to the extnactant)y The tubes were shaken tor 3
hottrs meoan end-tosend shaber and centiituged at 17 300 86
for 1S nun One mulliliter of the dlear supermatunt extract was
teanslerred to o counting sial and muved with 15 ) ot sanbl-
lation solution contine =0 ¢ PPO 04V ¢ dunetn-POPOP
and 1000 ¢ naphthalene i 1 liter ot diovane Fahmations of
the recovered radioactivaty were made by counting on g hguid
santllation spectrometer

Tuble | —-%0il properties

soll Sofl - ptha oregante  Potal
wories ~ubgroup depth  paste Witer matter N Che Fegt ),'
em by wet = meqy |id) g
o Liple
Hydrandept .30 "o il L] 08 fa, ¢ 7.6
Kapia  I'yple
fitbbathamoy -« [ At 1, & n, A8 8% 12,
Molokal Tvple farrox =40 L] (LN L G, 1 1”8 14,1
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Fig. 1—Effect of pH on the recovery of added hydroxyatrazine
from soil with methanol.

Standard counts were obtained by adding the same HC.ring
labeled compounds to methanolic extracts from the untreated
hut similarly mcubated soils. Different standard counts were
obtained for each pH level. The water scintillation liguid ratio
in the counting vial was maintained constant 1o avoid further
corrections in counting effictency Jdue to water quenching,

A separate test was conducted to determine if addition of
caleinm chiorde 1o the aadified methanal would further im-
prove the efficiency of HA extraction from soil. This study
win conducted in duplicate with two soils using calcium chlo-
fide concentrations of nil, 0.025N. 005N, 010N and 0.20A
in acidified methanol (05 ml of 48 HCE 100 mi methanol)

Measurement of HA

Partition of HA from atrazine or ametrsne and subsequent
estimation of HA in the acidified methanolic extracts were
achieved by the chloroform extraction procedure initially used
hy Armstrong et al. 119671 on aqueons solutions. This proce-
dure was simplified by Obien (19704, byt with an attendant
decrease in efficieney of HA separation We have improved
Obien’s simphified process to obtain o guantititive partition. A
2-ml ahiguot of methanolic soil estract or methanol containing
equal amounts of HA wlone and HA plos ametryne or atrazine
wits treated wath 0 S ml of 025N HCLin o 28 mi tes tube with
ground ghiss stopper. The contents were shaken and allowed 1o
stand for I o Different amounts 0, 1, 21, 4. amd 6 - ml) of
distilled water were then added 1o duphcate tubes, followed by
addition of 10 ml of chloroform. The contents were mixed
thoroughly by Whaking the test tubes erd-toeend several times
Similar miving was repeated thiee fimes with o half-min inter-
val between the two mivings. The tnbe was opened after 1018
min when the aqueons phase was clear, and tapped gently to let
any chloroform from the sides 1etarn 1o the lower phase. If
the aqueous phine was turbid, addiional time was allowed for
clearing. A SO0 aliquot of the agueous phisse was pipetted
into a counting vial and mved with 151 seintllation solution
for estimation of the recovered HA radioactivity.

Calculition of the percent HA tadioactivity m g 2.0.mi ali-
quot of the orginal methanol extract was based on the total
volume of the aqueous-methanol phase (2 ml methanol extract
COS mlHCE < ml water added). The process was repeated
with 2 ml i liquots of methanohic solutions of HC-Tabeled ame-
tryne or atrazine to allow corrections for any radioactivity
from these sources present e the aqueous phase used for
hydroxy-product assay

HYDROXYATRAZINE~ '“C RECOVERED (%)

100 - T T Y —r - - ¥
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B s ST T -4
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e >
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Fig. 2—Effect of calcium chloride in acidic methanol on the
recovery of added hydroxyatrazine from soil. Extract pH
values are shown in Table 2.

RESULTS AND DISCUSSION
Extraction of HA from Soil

The results shown in Fig. | clearly demonstrate the large
pPH-dependence of HA desorption from soil by methanol.
The pH-dependence 1s more striking in the Hydrandept
(Hilo s0il) than in the two Oxisoly (Molokar and Kapaa
sotls), The recovery of HA was 8475 from Kapaa and
967 from Molokar soil when the pH ot the soil methanol
extract reached 2.0, whereas 947 HA was desorbed from
Hilo soil when the pH of the methanol extract was only
3.4, Thus the extent of HA desorption mav vary trom soil
to sold at any given pH value. Al our results are based on
a single-step shaking procedure. In case of low recoveries,
a second or third extraction should help recover the re-
maining HA. Also. our soils were incubated for only 40
hours prior 10 the extraction. Tower recoveries could be
expected from soils meabated tor several weeks or longer.

Obien (1970) measured an merease in ihe cthiciency ot
extracting HA when CaCl, was added to nonacidified
methanol. The possible enhancement of A extraction by
addiion of CaCl, 1o aciditied methanol (0577 of 4A HCl
in methanobh was evaluated 1 the present study with Molo-
kit and Hilo soils (Fig 2y The receovery of HA from
Molokar soil remamed unattected by the presence of cal-
cium chlonde i acdificd methanol, but the recovery of
HA trom Hilo soil was deercased by nereasing concentra-
tion up to DOSN CaCl, A companson ol the pH values
of methanohe soil extracts for these soils (Table 2) shows
that an the Hilo soil extract, pH o anereased with increasing
coneentration of CaCl, whereas no pH change occurred in
extracts of the Kapaa and Molokar soils. This pH change
in the Hilo extract. and the evidence of pH-dependence of
HA extraction (Fig. 1), suggest that the results for Hilo
sorlin Figo 2 were due 1o the effect of CaC’l, on pH in
this «oi!, This effect i not surprising consudering the min-
eralogy of the soil tamorphous hydrated alumino-silicates
and oxides of iron and aluminum) and the known effects
of electrolvie concentration on pH. Whereas most soils
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pH of soll extraet

Normality of CaCly

in acidic methanal Hilo paa Moloka)
0, 000 3,44 2,04 2o
0,025 1,90 2,63 1,0
0, 1050 3,15 PR P
0, 100 4,21 ALY P
0, 200 4. 26 2, hh P

Table 3—Recovery of s-triazines from Molokai soil (pH of
extract = 3.0) and partition of hydroxyatrazine from ame-
tryne or atrazine by liquid-liquid extraction with
chloroform in soil extract or standard methanolic
solution

Partitlon of HA from atrazine or
i metrvne {n aqueous-methanol phase

Sofl extract

B¢ compound » Total MO

appled recovered Sofl extract standiard methanol sotution
of applied HA recovered®

HA and anetryne o 1,0 [

HA and atrazine FEANE} iy, T}

HA H) K 9 1

Ametrvne 100, 4 0,5 1 0,0kt IR

Atrazline 9wy, " (IR R TR 0,30 ¢ 00T
Mean deviation ), 7 9 ti, 1)

* When unetrvne or atrazlne was added without HA, the recovery In the agqueous-
methanol phase wis caleulated as percent of the applied compound,

* Vatue not Included In caleulailon of mean devtation due to difference in order of magni-
tude,

contan clay nunerals which have o net negative charge
throughout the pH range used in this study, the amorphous
minerals in Hyvdrandepts of Hawaii have a net positive
charge at low pH: soils with a net negative charge mani-
fest a pH decrease in the presence of an electrolyte such
as CaCl,, but soils with a net positive charge show a pH
increase (Mekaru and Uchara, 1972). Thus in the Hilo
sal. the CaCly increased the pH oand caused o concomi-
tant decrease in HA recovery.

To deternine the correct acid methanol ratio for maxi-
mum recovery of hvdroxy-v-triazines tor a particular soil.
we prepared 100 mb volumes of acidic methanol in sepa-
rate flashs contaning 100 to 1.000 ;b volumes ot 48 HCL
Alter soil extraction with the acidic methanol. the pH ot
the soil extracts was measured. It was considered undesir-
able 10 establish the pH o of the soil extract below pH 1.0
for fear of hydrolvzing the parent tnuzine compounds
when present. The extracts could be stored. 1f necessary.
after neutrahzing the acidity with ddute alkali. The wcidi-
fied methanol extracts of the three soils were clear and had
very hittle coloranon. No arganic matter was extracted in
the system. A brownish collowdal precipitate appeared in
some extracts from Molokar soil on neutralization, The
neutral supernatent extracts were concentrated 25-50 times
by evaporation under vacuum and were utilized for thin-
laver chromatographic analysis without cleanup.

Partitioning of HA

After extraction of HA and parent triazine compounds
from soil in acudhified methanol, the HA was scparated by
liquid-liquid partition for quantitative determination. The
efficiency of partinoning HA with different waier metha-
nol ratios 1s shown in Fig. 3. A water. methanol ratio of
1.25 provided quantitative partitioning of HA in the chlor-
oform-methanol system. This was achieved by adding 2.0
ml water to an aliquot of 2.0 ml methano! solution or soil
extract to which 0.5 ml of 0.25N HCI had been added.

!
L
: —O0— STANDARD ME THANOL
L SOLUTION
{
60 --iy-~ SOIL EXTRACT
s
1
Ol 4 e . DU
) i 2 3

HA PARTITIONED IN AQUEOUS-METHANOL PHASE (%)

WATER/METHANCL RATIO IN SYSTEM

Fig. 3—Effect of water on the partitioning of hydroxyatrazine
from ametryne in soil extract of methanol in a chloroform-
methanol system.

The results obtained with Molokar sonl extracts were not
statistically ditferent than those obtained with a pure meth-
anolic soludon ot HA Onhy 727 of the added HA was
partitioned 1nto the agueous-methanol phase when only 0.5
mb water was added to the svstem (e 05 ml ot 025N
HCD giving a water methanol ratio ot 025 The dechne
in the cefticreney ot partitomng of HA with increasing
amounts of water for ratios greater thap L 25 s hard o
explinn, but was probubly due 1o an ncrease in the pH
which attected protonation of HA  and m addition due to
the quenching etfect of emulshied chloroterm an water
Increasing water methanol ratios swere tound (o result in
mereasimg pH o values (Goswami 1972y 1ts recommended
that the higuid-hiquid partition of HA be carried out in
ground-glass stoppered test tubes since rubber stoppers ah-
sorb chlorotorm and appeared to cause errars in the HA
determination

The presence of 0S5 ml of 025\ HCLan the CHCL,-
CH.OH H.O0 svwstem (pH 1 7y probabhy protonated
both ametryne (pR 400 and atrazine (pR 1.7y but
did not alter appreciably therr solubithty an chloroform or
hydrolvze them in a d-hour period. Acidibied methanolie
soil extract (pH Vh with an equal volume of water
but without additional HCL partitioned onlv about S0
of HA n the aqueous phase  This indicates that approxi-
mately hall of the HA molecules were not protonated i
the acidic methanol soib extract and that the additional
amount of HCT was necessary for quantitative protonation
and partitioning of the HA.

Extraction and Partition of Soil Applied HA and Its
Parent Compounds

The optimized procedure developed for the determina-
ton of HA was evaluated turther by extraction of a 1:1
mixture of HA and ametryne or atrazine trom soil. The
results of total recoveries of HA alone or HA mixed (1:1)
with ametryne or atrazine from soil are summarized in
Table 3. Also summarized i Table 3 are the results of
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partiioming of HA from ametryne or atrazine in the soil
extracts or i standard methanol solutions. The recoveries
ot the soil-applied ametryne or atrazine were nearfy 1007,
whereas D60 of the apphed HA was recovered from the
Molohar o Out of the 1 nusture of HA and ametryne
or attazine apphied 1o soil, the respective recoveries were
96,977 and 954 1t would be expected that these recov-
ery tigures anclude all the parent compound and about
90 ¢ of the HA applied to s

The total recoveries were based on the measurement of
combied 'C recosered n the methanol extracts. Subse-
quent analvsis of these sorl extracts for pereent HA by the
moditied Tequd-hgued - pattiioming - procedure contirmed
that neghgible amounts ol parent contpounds were part-
noned i the agueous phase Chable 3 The apparent re-
corery ol HA an sond treated with anwtryne or atrazine
(056 and 071700 was due o part to polar mmpurities
the onginal parent compound Gabout 170, Partioning of
HA trom the nisture (with ametryne or atrazine) i the
sorl extract was nearfy quantitatine,

A possible problem associated wath the acidihied-metha-
nol extraction s the chemieal hydrolvsis of atrazine and
ametryne durng extiaction. Fhe guantitative jecovery ol
these compounds (Table 1) contirmed that havdrolysis was
not a problem As long as the pH oot the system s main-
taned above 2.0, no measurable trszine hydralysis s lihely
to vccur dunng the bret extraction peniod. The “halt Iife”
of atrazine has been shown to be nearly 2 weehs ioa sten-
lized sorl svstem buttered at pHo 2.0 gArstrong et al.
1967). and more than 11 weeks for ametryne i Moloka
sonl butfered at phE 33 (Obien, 1970y,

The tollowing conclusions are based on the results pre-
sented i Lable 3
1 HA and ametrsne or atrazine were simultaneously re-

covered from sotl in o one step (shaking) extraction pro-

cedure using aciditied methanol Goil solvent I 1
T Atrazine and ametrvne were recosered quantitatively

without ansy detectable hyvdrolvas ol these compounds

when soul extract pH 3

U Reconeny of the apphed HEA tront soll was - 90% n
acudithied methanol

4 Partmoning of the soif-apphied and recovered HA in
the aqueots phase ot chloroform-methanol-water sys-
fem was quantitatne when the water methanol ratio

was 128

ADDENDUM

The three sorls mcluded in the HA extraction experi-
ments were part of a more comprehensive study coneerned
with s-triazine herbicide degradation i Hawatian soils. Tt
i Bhelv that the cation exchange capacity of these sotls
can be annbuted prneipably 1o the pH-dependent negative
chirge assocrated with amorphous alunmumo-silicates, iron
and alununum ovides amd orgame matters this negatise
charge would dimmsh with decreasing pH. The Hilo sl
has @ net positine charge below pHoWbS (Mekaru and
Uehara, 1972, and the other two soids would also Jose
capaciy to hold cations or protonated HA at pH 3. the pH
mantined during methanol extraction. Thus, in these soils

the low pH facilitates HA extriaction by methanol i two
ways: (1) HA is protonated at low pH increasing its solu-
bility in methanol: and (2) the pH-dependent  negative
charges ol these soils are Jdiminished at low pH reducing
the likelihood of protonated HA being held by the nega-
tive sites.

If the mechanmism described above is operating, then one
might expect a lower extraction efficiency on soils having
a high permanent negative charge in contrast o the pH-
dependent charge characteristic of the sals used in this
study. This thought oceurred 1o us after completion of the
study reported above and submisston ol the manuscript for
review. A subsequent test of extraction efficiency showed
that only 337 of the apphed HA was recosered from Ca-
waturated montmorillonite and 747 trom Ca-saturated hal-
lovsite. Apparenty protonated HA molecules are held on
negatively charged sites on montmorilionite and halloysite
at low pH and resist desorption by methanol Anoncrease
i HA adsorption on montmonilonite with decreased pH
i consistent with results obtained for other trazines (Weber.
(966, Yamane and Green, 1972).

Thus, we conclude that the one-step shaking procedure
proposed herein w highhy efficient on soils of low ferma-
nent negatne churge but i expected 1o be less efficient in
removing HA from soils contaming high percentage ol
montmoriltonite or other ¢lavs having & high permanent

negative charge.
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