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ABSTRACT

Ltr az íne (2 - ch 1o ro -4 - e Ëhy lamino - 6 - is op ropyl amino - s - Ëria z íne),

cy anazine (2 - t (4 - cl:.l o ro - 6 -ethy 1 amino -s - Ëríaz in - 2'y L) amÍno I -2 -me thy 1 -

propionitrile), and cyptazíne (2-chloro-4-cyclopropylamino-6-isopropyl-

amino-s -tti-azíne) were ulËrasonically exËracted from soils wiËh aqueous

methanol. Cleanup consisted of chloroform partiËioning and column

chromaËography on deacËívated basic alumina. ExËracts Inlere deËemined

by gas chromaËography with alkali flame ionization deËection.

The recoverÍes of bound s-Eti.azi.ne residues from soiLs fortified

at 1 ppm ranged from 81.6 Ëo 94.5%. Two 15 mínuËe ulËrasoníc extrac-

tions !üere comparable to 24 hours of Soxhlet exËraction for attazíne.

Sensitivity is placed at 2 ng of s-triazine in Ëhe ínjected sample and

Ëhe least deËerminable concentration is estirnaËed aË 0.02 ppn s-Ëriazine

in soiL. The meËhod developed is thoughË Ëo be applicable to weaËhered

s-triazíne residues in fíeld soils.

Ïhe ídenËity of Ëhe gas chromaËographi.c peaks observed for atrazLne,

eyanazine, and cyptazíne standards was confírmed using infrared specËro-

phoËomeËry and mass specËromeËqz. SpecËra obtained from 10-25 yg of.

trapped eluates are presenËed and inËerpret,ed. Although mass spectro-

meËry was preferred, boËh confiruntory techniques could be used Ëo

idenËify Ëhese s-Ëriazines in ttunknownft extracËed samples.
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II{IRODUCTION

Atrazine, cyanazíne, and cyptazíne are s -triazLne herbicides used

for r,reed conËrol primarily in corn. Under ManíËoba conditions these

herbicides Ëend Ëo persisË in Ëhe soil- because of their adsorptive

nature, and ofËen cause serious injury Ëo suscepËible crops grown the

fol1-owing year.

Soí1 residues of s-t.riazines rnay occur in eiËher a bound or unbound

staËe wíth a dynamic equiLibrium exísËing between Ëhe Ll,üo states. Un-

bound soil residues whÍch are available Ëo the plants have been sËudied

using bioassay Ëechníques (Elliott, L972). Since bound resídues ur,ay

become desorbed from the soíl and cause planË injurT, iË is desirable

t.o be able to estirnate both bound and unbound residues in Ëhe soil.

Future sËudy of the relaËive amouriËs of bound and unbound residues found

under different conditions should give a valuable insight inËo the particu-

lar s-triazlne residue problem ín ManiËoba.

Experiments r¡rere conducËed Ëo develop a suiËabl-e analytical meËhod

for measuring ËotaL s-ttLazine residues in l4anítoba soíls. Partieul-ar

emphasis was placed on developing techniques which could be used Ëo con-

fím resídue ídentities.



LITERATURI REVIEI,I

InËroductíon

The major sËeps in pesticide residue analysis are: sampling,

storage of samples, extracËion, cleanup, deËecËion and deËermínation,

and confirmaÉion of identiËy (Schechter and Gexz, 1967; McGully, L969).

The naËure of Ëhese sËeps and Ëhe analyËical techniques involved have

been prevíously discussed (Van Middelem, L963; Egan, L967; Schechter

and Getz, 1967; McGully, L969; Gunther, L969; MaËËson et al., l97O;

Blínn, L97La). In developíng and evaluating a residue analysis meËhod

fortifíed samples are used Ëo deËermine pesticíde recoveries (Schechter

and Getz, 1967).

Fortífication of Soil

Freshe (1971) poinËed out thaË there hras a difference between

recoveríng a compound from a fortífied soil- and extracËing trtruett resi-

dues from weathered soi1. Nevertheless, he felt that fortified residues

urere Ëhe best possible approximation to ttËruerr residues. ivlatËson e! al .

(1970) stated that good recoveries from soil extracted irnredíately after

forËífication did validate the general analyt,ícal procedure.

Johnsen and SËarr (1967) found a consíderabl.e decrease in pesËicide

recovery from soil extracted 1 month compared to 1 day after fortifica-

tion. These decreases Ìüere atLributed to Ëhe pesËicide having become

more tightly bound to Ëhe soil. Beynon (L972) sËressed the imporËance



of usíng bound residues Ëo obtaín meaningful pesticide recoveries for

a residue analysis method.

ExtracËion

A number of procedures have been descríbed for exËracËing s-Ëriazine

her:bicídes from soil. Chílwell and Hughes (1962) concluded ËhaË chloro-

for:rn and meËhylene chloride were the besË solvents for s-tríazines.

Birk and Roadhouse (1964) also used chloroform and obËained a mean re-

covery of 86 .2% Í.ot atrlzLrLe exËracËions.

Benfield and ChílwelL (L964) extracted s-triazínes by shaking Ëhe

soil- with a mixture of methanol and díchloromethane in the presence of

excess anrmonia. Abbott et al. (L965) used diethyl eËher and arnrnonia.

Recovery data was not reported by eiËher,group.

Quant.it,ative recoveríes of s-Ëriazines from soil r¡rere reported by

Ilenkel and Ebíng (L964). They used aceËone and 30 mirruËe shakings at

room temperature Ëo achieve 88-L107" exËracËion effíciencies.

Sheets and Kearney (L964) extracËed sandy clay loam L week after

fortífication. Shakíng r4rith chloroform, carbon Ëetrachloríde, or n-

hexane for 1.5 hours generall-y gave recoveries of less tll:ar:- 7ff/" f.ot

axrazine. They found exËraction wíth chloroform/8M urea or chloroform/

0.5M armonir¡m sulfate to be more effect,íve.

Talbert and F1etchall (1965) found that ethanol/water gave leachíng

recoveries of 90-100% for atrazíne from several soils. They used t hour

extractions at 660, and obser¡¡ed that longer extracËion Ëimes were



necessary for good recoveries at room temPeratures.

Using absoluËe meËhanol and 3 hour Soxhlet exËractíons, Sikka

(L966) obËained recoveríes of 90-98% tor axrazine. Soils were fortified

at levels of 0.5-5 ppm and were allowed to equilibrate for 5 days before

exËracËion.

McGl-amery eË al. (L967) compared Ëhe effecËiveness of 2 extracËion

methods and 12 solvent sysËems for recoveríng attazíne from a clay loam

soil. The soíl was air-dried for 2 days after fortification at the

1 ppm level. Soxhl-eË extractions were found to be more effective Ëhan

shaking. Methanol, which was chosen as Ëhe preferred solvent, gave

86.0"/" recovery usíng a 2 l:.out Soxhlet extraction.

The use of a Goldfisch apparaËus Ëo exËract s-Eriazines from sílty

loam soil üras reported by Tindle et 41. (1968). Using 16 hour chloro-

form extractions, a mean recovery of 93.2 + 2.6% was obtaíned from soil

fortified at 1, 10, and 100 pprn. They noËed that So>rhleË extractíons

Ëook about four t,imes as long Ëo achieve similar recoveries.

Eberle and Hor¡rann (1968) adopted a method usíng methanol and L2

hour shakíngs Ëo extract atrazine; rnrhereas She1l Development Co. (L969)

recormnended shaking for t hour with methanol/chLoroform to exËract

cyanazíne.

In Ëheir review of Ëhe chemical determination of s-trLazine herbi-

cídes in soils, l4atËson et al. (1970) presenËed data comparíng exËrac-

tion procedures f.or aLrazlne. They used a sí1-ty clay loam soil contain-

ing r,reaËhered residue levels of 0.08 ppm and 1.9 ppm. A 2 hour waxer/



aceËonitrile reflux extractíon was comparabLe Ëo a 24 lrrout waËer/

methanol SoxhleË method. Recoveries ranged from 63-1-037". A procedure

using methanol and 30 minuËes of mechanical shaking gave poorer results

at the 1-9 ppm residue level. Young and Chu (L973) also used a reflux

procedure to extract soils fortified at 0.6-1.6 ppn. Using 30 minuËe

extracËions with meËhanol/ethyl aceËaËe, they obtained recoveries of 84-

ll2% for atrazine.

Ott et al. (1971) descríbed a cornpletely mechanLzed extracËíon

meËhod f.or atrazine soil residues. Soil r^ras Inanually introduced int.o

a Solidprep sampler followed by homogenizaËion with htarm aceËonitrile/

rnrater. Using sartples fortified aË 0.05-l- ppm levels, 7L-89% recovery

was obËained. Recoveries from field-treated soil were 86-90% of. those

obtained by an independent refluxing procedure. It was noted Ëhat

although Ëhis mechanLzed system l-acked precÍsion aË lower residue levels,

iË could process samples every 10.5 minuËes and Ëhus would be valuable

as a rapid screening method.

Beynon (L972> extracted cyanazíne and some of its degradaËion prod-

ucËs from soil using 2 hours of end,-over-end tumblíng wíËh water/methanol.

Recoveries ranged from 88-96% for cyanazíne applÍed to soil at 0.05-2.0

ppm príor to extracËíon. Analysis for bound residues accounted f.ot 76-

90% of. ttre (14C) cyanazine applied Ëo various soil Ëypes.

The use of ulËrasonic energy Lo extract organochlorine insecËicídes

from various soils was investigaËed by Johnsen and SËarr (L967, L970,

L972). They reporËed Ëhat 30 second ultrasonic exËracËions generaLly



gave 90-1007" pesticide recovery.

obtained from 8 hours of Soxhlet

Cl-eanup

these results hrere comparable to Ëhose

extraction.

Several authors have reported using 1íquid-Liquid parËitioning and/

or adsorpËíon coLumn chromatography to cleanup s-xtiazíne soil exËracts

(Table 1). Benfield and GhílwelL (L964) used an internal standard to

compensate for Ëhe íncomplete recovery of attazine from Ëheir cleanup

procedure. McGlamery eË al. (L967) also found that polyethylene coated

alumina columns were useful if soil extracts contained high amounËs of

pigments. OtË eË al. (L97L) used calcíum chloride to floccuLate the

soil col-loidaL particles in their extracts, and allowed Ëhem to seËt1e

before parËitíoníng the agueous supernatant.

Detection by Gas Chromatography (GGì

Bostwick and Giuffrída (1968) invesËigaËed several efficiency

parameters of GG columns used in pesticíde resídue anal-ysis. They rec-

onrmended using glass col-umns, 6-LZ feet x 4 rmr i.d., packed wír]n 4'L0%

líquid phase on 80/1-00 or 100/120 mesh solíd supporË. A represenËative

list of Ëhe columns used for the GC of s-Ëriazines is gíven ín Table 2.

A1-though aluminusr and sËaínless steel columns have been used, mosË

columns were made of Ëhe more inert glass tubíng. Even wiËh glass

columns, Purkayastha and Cochrane (1973) report.ed on-column decomposi-

tíon of cr¡anazi'ne when Reoplex 400 and Carbor,¡ax 20M liquíd phases were

used. Síl-anized solid supporË (Supina et al., 1966) and silanized glass



LÍquld/ltqutd
partltioning system

CH2C12:MeOH lÐ2so4a

H2So4/CttcLr:naon

MeOII:H2OlCHC13

MeOH:It2OlEther

CIITCN:1t20lCH ZCLZ

GH3CN : II,OlHexane : Ether

MeOIt:H2O/Erher

cu3cN:HzolcH2cL2

Table 1. Cleanup Methods Used for s-TrÍazlne Soí1 Extracts

Column chrourato graphy
solid adsorbent

Basic Alumina

Basic AlumÍna

b

Basic AlumÍna V

Baslc Al,umfna V

Basic Aluminab

Basic ALumínac

NeutraL Alumina I

Partitioned fron CH2C12:MeOIl lnto H2SO4; then from þSOO into CHCI3:NaOIl.

BasLc atr¡mlna deactivated r¡íth L3% llZO.

Basfc alumina deactivated with 7.57p \O.

IV

v

Elutlng
solvent:

Ll20 nther/Gcl4

2ll Llexa¡e/Er.ber

LlzO Ett.et/GÍr2cl2

3/2 Benzene/Elther

l./1 Ether/Per,. spÍrir
1/1 ErAc/Per. spirir

67ó EttteB/CCLA

EtAc

s-Tríazine recovered
(cleanup effÍciency)

Atrazine

Atrazine

Atrazine

Glranazine

Atrazíne

Atrazine

Atrazíne

CyanazÍne
ClanazÍne

AtrazÍne

Atrazlne

(85-es%)

Literature reference

Benfield and Chi11we1L (1964)

McGlamery et al. (L967,

Eberle and Hormann (1968)

Shell DeveLopment Co. (1969)

Mattson et aL. (1970)

Zimdahl e,t a1. (1970)

Ott er a1. (L971)

Beynon (1972)

Purkayastha and Cochrane (L973)

Young and Chu (1973)

(e5"a)

(e5%)
(e57")



Lfquid phase
(percent. LoadÍng)

Versarnid 900

Carbowax 20M

Reoplex 400

sE-30

Reoplex 400

uchr-98

DC-710

ov-L

ov-17

aY-225

CHDMS

EGA

TabLe 2. CoLumns Used for the Gas Chromatography of s-TrÍazines

(2.57")

(5%)

(1 07.)

(57.,

(2%)

(5%>

(57.)

(37.)

(3'1")

(37;)

(2%>

(o.325%'

Solid support
(mesh size)

Dfatoport S (60/80)'

Anakrom ABS

Gas Chrom z.(80/100)

Gtrromosorb WS

Chromosorb Q (80/1OO)

DÍatoport S (80/100)

Gas Ghrom q (f00/120)

Chromosorb W HP(80/100)

Gas Chrom Q (100/120)

Gas Chrom Q (100/120)

Gas Chrom Q (80/L00)

Chromosorb G

Golurons r¡ade ¡r¡ith glass tublng, unless otheñùise noted.

Colunn bore quoted as inside diameter.

Ah¡minr¡m tubíng.

Stalnl.ess steel tublng"

Column dimensíons
(length x o.d.)a

c.

d

3mx

5t x
1.9m x

Lmx

5rx
6rx

LTrr x

6r x
3fx

0.9rn x

0.6m x

1.5m x

J. )¡Un

L/4" c

^bJIIIN

4nn¡ b

1/grr d

Ll4t,

1/grr d

6nm

ll4tt

4¡mn b

2.5nmb

4m¡r b

Henkel and Ebíng (1964)

MâËtson et al. (1965)

TtndLe et aL,. (1968)

Eberle and Hormann (1968)

Shell Development Co. (1969)

Gulf Res. and Development Co. (1969)

Schultz (1970)

Cochrane and l,lllson (197i)

Greerihalgh and Cochrane (L972)

Greenhalgh and Vlilson (1972)

Beynon (L972)

Swan (1972)

Literature reference



Ëubing (Gehrke and Leimer, L97I) have been used Ëo make columns more

inert. Hartmann (1-969) injected a sLlaní-zing agenË (Silyl 8) during con-

ditioning Ëo improve column inerËness. Thompson et al. (1969) rePorËed

ËhaË pesticide-loading during condiËíoning improved column performance.

A number of deËectors have been used in the GC deË-ermination of

s-tríazine resÍdues. Chílwell and llughes (1962) and Henkel and Ebing

(L964) used a flame ionization deËecËor and reported minimum deËecËable

concentrations (l{DC) of 0.5 ppm s-Ëriazine in soil and 0.L'O.2 pPm s-

ttí.azi:n;e in soil exËracts, respectívely.

Several authors used Ëhe Dohrmann mícrocoulometric deËecËor which

has a Ëitration cel-L sensitive to halídes (Mattson et aL., L965; Eberle

and Horurann, L96S; Zfumdalr,L eË al., L970; lvlattson et'a1., L97O). The

MDC reported ¡,trere 0.01-0.05 ppn s-Ëriazine in crops (Mattson eË al.,

L965; Eberle and Hotmann, L968), and 0.05 pprn s-triazíne in soil (Mattson

et a1., 1970). The latter shor¿ed that detector response Tiras linear (20-

60 ng axrazí:re) and reported a miniunrm detectabl-e amount (IDA) of. 2O ng

f.ot attazine.

Tíndle eË al. (1968) described Èhe application of a Rb2SOO alkali

flame ionization deLecËor (AFID) to s-tríazine residue deËermination.

Íhis deËector üras found Ëo be 1000 times more sensitive to níËrogen-

contaíning organics than to C-H-O compounds. The authors were Ëhus able

Ëo obtaín a MDC of 0.02 ppm s-triazLne in soil without cleanup. They

also reported deËector linearity and MDA of 0.5 ng for atrazine. IË was

noted thaË careful conËrol of flow raËes was required Ëo mÍnímíze



10

fl-ucËuaËions in detector performance. Similar detect.ors used for s-

tríazLne deËerminatíons include: CsBr AFID (Shell Development Co., L969;

Schultz, L97O), RbBr l\3ID (Schroeder et a1., L972), and RbCl AFID (Swan,

L972; Greenhalgh and tr'Iilson, 1972). The MDA for Ëhese AFID were 0.3-1 ng

of s-triazíne.

MatËson et al. (1970) consídered tritium el-ectron capture deteeËors

(3tt UCO) Èo be relatively ínsensitive to s-t:ri-;azi:¡es, as 100-300 ng r^rere

generally requí.red for 50% full-scale deflecËion (FSD). Sinilar values

I4rer:e reporËed by Burke and Holswade (1966). She1l Development Co . (L969>

found the 3tt EGD Ëo be relaËively sensiËive to cyaîazíne as 0.25 ng gave

10% FSD. Beynon (Lg72) chrour,aËogr:aphed cyanazíne on a modifie¿ 3U ACI

and reported a MDA of 0.02 ng and a MDC of 0.01 ppn in soi1.

Gulf Research and Development Go. (L969) deËermined cyprazine resí-
6.2'

dues r¿iËh a '-Ni EGD. An advanËage of Ëhís detector r^ras thaË Ëempera-

tures higher Ëhan Ëhe 225oC, 
t" 

UaO limit, could be used. The MDA was

approximaËely 0,5 ng.

Ott et al. (1-971) and Laski and llatËs (1973) chromatogr:aphed axrazine

usíng the Goulson conducËivity deËector (CCD). They reporËed sensiËivi-

ties of 0.05 ppm in soil and 5 ng for 507" FSD, respectiveLy.

Greenhalgh and Cochrane (L972) compared the RbGl AFID and the CCD

response Ëo s-tríazlnes. The CCD gave slighËly beËter response Ëo

atrlzÍl:.e and cyprazine and was preferred because of iËs selecËivíty and

ease of operaËion. AFID response was also more varíable.
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It has been reporËed that trr. 63tti 
ECD and Ëhe CCD have comparable

sensiËiviËies Ëo s-Ëríazines (Gochrane and ï{ílson, lr97I; PurkayasËha and

Cochrane, 1973; Young and Chu, 1973). For resídue deter-rination the CCD

was preferred since attazi'ne soil extracËs could be chromatographed with-

out prior cleanup (PurkayasËha and Cochrane, 1973; Young and Chu, L973).

ConfirnaËion

Egan (1967), Schechter (1968), and McCully (L969) poinËed out the

ímporËance of confirming the idenËity of pesticides. They descríbed

some of Ëhe causes of misËaken identities as well as several confirroratory

techniques. There hrere ËrÂro aspects of confimaËion emphasízed by all-

three auËhors. The first was Ëhe unreliabiLity of makíng pesËÍcíde íden-

tíficaËions based on the evidence from a single gas chromatogram. Se-

condly, although no orÌe method could idenËífy an unknown residue with

absoluËe certaínty, infrared (IR) spectrophoËometry and mass spectrometry

(MS), used as ancilliary techniques to GC, gave Ëhe most conclusive

evidence.

The use of IR specËrophotometry Ëo confi¡:m pesticide identities rrras

described by Ghen (1965), Blinn (1965), and Blinn (1971b); while Ghen

(1967) and Gore et al. (1971) published reference IR spectra of aËrazine.

Biros (1971) reviewed the applicatíons of tdS and GG-tr{S to pesÉicide resi-

due analysis. Jorg et al. (L966) and Ross and lweedy (1-970) presenËed

and inËerpreted the mass spectra of some s-triazines.

There has been little publ-ished directly concerning Ëhe confir:maËion
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of s-Ëríazine residues in soí1. Shel1 Development Co. (1969) proposed

using an Atr'ID Ëo confÍrm cyanazine found in crops by Ëheir EC-GC meËhod.

Ihey also studíed 17 oËher corrrnon pesticides whích could coincide with

cyanazine during GC analysis and found no inËerfering peaks.



SECTION 1
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THE USE OF IILTRASONIC EXIRACTION IN TTTE DETERMII{ATION

OF SOME S-TRIAZINE IIERBICIDES IN SOILS

ABSTRACT

Atraz ine (2 - chl oro -4 -ethylamíno - 6 - is opropy 1 amino - s - Ëriazine),

cyanazine (2-L (4-ct,loro-6-ethylamíno- s-trazírL'2-y1-) amíno I -2 -meËhyl-

propionitrile), and cyprazLne (2-chloro-4-cyclopropylamino-6-isopropyl-

amíno-s -ttLazLne) were exËracted wÍËh aqueous methanol usíng an ulËra-

soníc cleaner. Cleanup consisted of chlorofonir partiËioning and column

chromaËography on deacËivated basic alumína. Extracts were determined

by gas chromaËography with alkali fLame ionizaËion deËectíon. AfËer

allowíng s-ttÍ-azí-ne adsorpËion, recoveries from soils fortified at I ppm

ranged from 81.6 to 94.5%. Two 15 mín ultrasonic extracËions \irere com-

parable to 24 hr of Soxhlet extracËíon for atrazine.

I\IIRODUSTTON

The chloro-s-ttiazines atrazitte, eyar,azí-ne, and cyprazine are used

primarily for r¿eed cont.rol in corn. Ihre to Lheir adsorptíve naËure,

residues of these herbicides tend to persist in soit. In soil residue

analysis, it is important Ëo use an extracË.ion procedure capable of

desorbing the bound residues of these compounds.

A number of meËhods for extracting s-ttLazine residues from soil

have been reported. McGlamery et al. (1967) found that a 2 hr SoxhleË

procedure usíng methanol was the most effective method of exËractíng
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forËífied atrazLne residues from a clay loam soil. Tindle et a1. (1968)

used 16 hr Goldfisch exËractions r^riËh chloroform and reported good re-

coveries of forËified s-Ëriazine residues from a silËy loam soi1.

l{aÊtson eË al. (L970) found ËhaË a 2 hr waËer-aceËoniËriLe reflux proce-

dure was comparable to a 24 ht !'rat,er-meËhano1 Soxhlet meËhod for ext,racË-

ing weathered atrazíne residues from a silÈy clay loam soíl. Beynon

(1972) extracted bound cyanazíne residues from various soils using a

2 ht water-meËhanol- tumbling procedure.

The use of ultrasonic energy to extract organochloríne insecÉicides

from various soíls was invesËigated by Johnsen and Starr (L967, 1970,

Le72).

The purpose of Ëhís study T^ras to deËermine if an ultrasonic meËhod

would give satisfaetory extraction recoveries for atîazírLe, cyanazine,

and cyprazíne afËer allowing these herbicides to adsorb Ëo Ëhe soil.

The ultrasoníc method used was compared to a 24 hr Soxhl-et extracËion.

E)TPERTMEI{rIAI SECTION

Fortification of Soil Samples. The characterisËics of the soils

used are given in Table 3. Soils were air-dried, ground, and sieved

through a 20 mesh screen prior to use. Soil samples (50.0g each oven-

dried basÍs) were forËified individually ín square quart bottles by

pipeting 20 m1 of herbicíde standard solution (2.5 ppm in meËhanol) onto

the soil surface. Each sample was slurried with excess solvenË Ëo mix

Ëhe treated soil and then air-dríed. The resultanË herbícide concentraËion
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ín each sample was 1 ppm on a soíl basis. A 3 day equílibration períod

r¿as allowed before exËracting fortified samples unless otherwise indicated.

Table 3. Physical CharacËerisËics of Soils Useda

Soí1 7. Soí1 % Organíc Inorganic separates (7J
pII natter Sand SilË C1ay CECeno. TexËure moistureb

1

2

Loarsy sand

Silty clay
loam

1.5

4.2

7.8

8.0

2.6

2.2

82.2

18.3

7.7

42.s

1_0.1 L4.5

39 .2 31.6

a 
Deterrníned at Ëhe UniversiËy of ManiËoba Soí1 TesËíng Laboratory.

b Ir, rir-dried soil.
c 

CaÉion exchange capacity in mequív /LOOg.

Ult¡4sqnlc E¡!qr4ç!l9n. The fortified soil samples, conËained in

the quart botËles, rrrere saËurated vrith 50 uil of distilled ürater and were

extracËed \,siËh 100 mL of meËhanol using a Sonogen, Model D-50, ultra-

sonic cleaner (Branson InstrumenËs Co., Stamford, Gonn.). The r,rater

level ín the ultrasonic tank was adjusËed Ëo equal Ëhe methanol exËrac-

tion solvent level inside Ëhe bottles. Samples were stirred and then

sonified for 15 mínutes, unless oËherwise indícaËed, wiËh the sample

bottles positioned for maximum cavítation. After íniËia1 soníficaËion,

the soil was alLowed Ëo sedímenË before Ëhe solvent r^ras decanËed and

suction-fíltered into a round-boËËomed flask. The remaíning sedimenË r¡ras
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re-extracted with anoËher 100 m1 of methanol usíng the same sonification

process. The entire contenÉs of the bottlee l^rere then sucËion-fílËered

Ëo give combined sample extracts.

Sqxhlet ExtracËion. Fortified soil- samples were placed directly in

Ëhe So><hleË chamber between glass wool p1-ugs and úrere saturated with

50 ml of dístílled waËer. Samples ürere then extracted f.or 24 hours using

200 nl of meËhanol. fhe exËracts r^rere suctíon-filtered prÍor Ëo cleanup.

CLeanup of Ext.racËs. Samptre exËract volume was reduced to 5-10 rnl-

by roËary evaporaËion and then refílËered quanËiËativel-y. The extracË

was then reduced to 5 ml, diluted with 20 ml saËurated NaCl solution and

30 ml disËilled r^raËer, and parËitioned into Ëhree 50 ml- portions of

chloroform. The chl-oroform extract was reduced to 5 ml and Ëransferred

Ëo a chromatographic col-umn (1 cm i.d.) packed r^rith freshly prepared basic

alumina V to a height of. 7 .6 cm. The col-u¡nn r.iras eluËed with 75 ml of

chlorofor:n and the eluate roËary evaporated Ëo near dryness. A solvent

change to methanol was made by adding 50 ml- of methanol- and agaín re-

ducing sample volume. Samples r¡/ere Ëransferred to glass stoppered cen-

Ërifuge Ëubes and adjusted to 15 ml final volume in methanol príor Ëo

gas chromaËographic deter:nínation.

Gas Chrornatographt¡. A Va::ian Aerograph Model 1840 gas chromato-

graph, equipped wíËh a Rb2SO4 alkali fl-ame ionizaËion detector (AIID)

was used. The gas chromatographic operatÍng condiËions used are shown

in Table 4. þrex col-umns, 0.83 mx 4 uur i.d. for atrazLne, and 0.4L m
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x 4 nun i.d. for cyanazíne and cyprazine were packed Í¡rít1n 7% OV-17 on B0/

100 mesh Chromosorb I,ü HP. Prior Ëo packing, boËh the glass wool and the

colu¡nns r¿ere acid-washed with IIC1 and silanízed using 20% dimethyldí-

chlorosilane in Ëoluene. Both colurnns \¡rere fÍËted to a11ow on-col-umn

injections. Duríng conditioníng, columns rÀ7ere pestícíde-loaded and

Ëreated wiËh Sí1yI I (Pierce Chemical Gompany).

Tabl'e 4. Gas Ghromatographic Operating GondiËíonsa

ParameËer At.razine Qyanazíne Cyptazíne

DeËecËor temperature 23oo

Injeetion porË Ëemperature 22Oo

o
200

2250

20oo

1g00

2250

2000

1g00Column ËemperaËure

NíËrogen carrier gas 36 ml/min 40 ml/rnin 40 mL/min

1-

Retention time" 7.2 mjtn 6.7 mín 3.4 min

A* 
Hydrogen and air flor¿ rates required frequenË optimization.

b
On the appropriate colurnn; shorter coltmn was used for
cyanazLne and cyprazíne xo reduce retenËíon tímes.

AFID response curves for each herbicide r¿ere deËermined using standard

solutions of. O.25-L0 ng herbicide per¡l methanol. lwo yL ot each concen-

tration were injected two to five Ëimes. Ghromatographic peaks rrere mea-

sured using the heighË x widËh aË half-height meËhod. ResulËs were eval-

uated sËaËisËically using regression analysís.
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The herbicide sËandard solutíons used in forËifícation were employed

as standards when deËermining exËracted samples. Mean response from at

least two injections of sample exËracts Tnlas converted Ëo nanograms using

pre-deËermined sËandard response curves. Any changes ín deËector sensitiv-

ity were moníËored by observing response to 5 ng sËandards injected alter-

nately to sample extracts. A correcËion factor, the ratio of 5 ng res-

ponse on the sÉandard curves over the 5 ng response of alternaËíng stand-

ard ínjections, r^ras applied to sample response before using standard

curves.

RESIILTS AND DISCUSSTON

AFID response currzes as determined by regression anaLysis are pre-

sented in Table 5. AFID response to attazine was linear over the concen-

tration range used. Response to cyanazine and cyptazÍ,ne was linear excepË

for the Ëwo lowest concentrations whích were excluded from regression

Table 5. Standard Response Curves for the s-TrLazínes SËudied

s -Triazine
Regression

line
GorrelaÉion SËandard deviatíon
coefficient of y aË any given x

AËrazine

Cyanazíne

@ptazíne

0.957

0.504

0.388

-0.213

-0.6s0

-0.240

o.999

0.998

o.999

y=

y=

y=

o.26L

0.184

0.102
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analysis. It r^7as observed thaË although responses remained linear, exacË

regression lines varied from day Ëo day, and if uncorrected coul-d cause

errors in deËerrniníng exËracted samples. The minirmrm detecËable limiË

(2 x noise level) for aLl three s-trLazínes studíed was 0.5 ng, whíle

5.0 ng injected gave Ëypical responses of L5-20% full-scale deflecËion.

These results agree wiËh the Rb2SO4 AFLD sensitivity reporËed by Tíndle

eË al. (1-968) for atrazLne. Similar responses have been obsenred for

alcrazine, cyanazLne, and cyprazine with other Ëypes of AFID (CsBr,

Schultz, L97O; RbBr, Schroeder et 41., L972; RbCl, Shran, 1972; Greenhalgh

and Îfilson, 1972) .

1'he ulËrasonic cleaner employed had no built.-in porÂrer or frequency

adjusËmenËs for obËaining maxirmrm caviËaËion. Best cavitation r¿as ob-

served when water baËh levels were less Ëhan 3 cm and sample bottles

were p1-aced in a corner of the ultrasonic cleaner at a slightly tipped

angle. Under these condiËions, cavíËaËion agitated the soil in a cLr-

cular motíon producing a desirable sËirríng effecË. It Ì^ras assumed that

ultrasonic cavitaËion díd not cause any significant breakdown or altera-

tion of Ëhe s-triazíne herbicides during extractíon. Tadic and Ríes

(L971) found only 1.37% dealkylaËion when aËrazine was suspended ín an

ulËrasoníc field for 5 hr.

1'he cleanup meËhod described was used mainly Ëo remove Ëhe humus

present in the extracËed samples, Ëhus preventing rapid deteríoraËion

of the gas chromatographíc column. InjecËion of crude blank exËracts

shornred no co-exËracËed inËerferences at Ëhe retention times of the



herbícides studíed. Comparison of crude and cleaned-up exËracts showed

ËhaË mínimal losses of approximately 2.5"/" atrazine occurred during clean-

up. Blank extracts were also devoíd of interferences afËer cleanup.

A 3 day equilibration períod was allowed before extracting fortified

samples based on the results shown in Table 6. There r^rere no apparent

differences betr¿een exËraction recoveries 3, 6, and 10 days afËer fortí-

fication, however, when the soil was exËracËed 25 days after fortífica-

tion an unidenËífied additíonal peak (retenËion time 8.6 min compared to

attazine at 7.2 mín) was observed. The effect of soil moisture at Ëhe

time of forËificat.ion was also checked. There üras no apparent difference

ín atrazíne recovery when aír-dried soil- was fortífied using meËhanol

(84.6%) or 15 ml water and meËhanol (84.4%).

Table 6. Effect of Fortifíed Soil EquilibraËion Period
on Ëhe Recoverv of Atrazinea

20

Equilibration períod
before extraction (days)

1l
Mean % recovery"

3

6

10

25

83.1_

83 .9

86.4

73.6

" Ultr""oníc extraction from soil no. 1, samples not subjected to cleanup.

b *""r, of Ëwo replicate samples


