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: E ' ABSTRACT

~Support Material and Coluffi Temperature Effects on

! ST Detector‘Responses for.OrQEnophospHords

\

Pesticides Using Gas Liquid B
C T -'Chromatography. ‘

- . ) Moh@mmed Hannff

The work presented in this thesis 1nvestlgated the role
of co]ymn support and temperature on the gas ]1QUJd chroma-
tographic analysis of organophosphorus (Phorate, Disyston
and Maiathion) ane ofganoch]or?ne (Lindane) pesticfdes The
organophosphorus pesticides were stud1ed on seventeen ¢olumns,

- qonta1n1hg fourteen different support mater1als, at columm

- N - ' temperatures rang1ng from 130 to 230 deg C Only one column

AN
&

was used to study the pest1c1de Lindane. The‘pESt3cides weﬁe
detected either w1th an E1ectr0n Capture or a Flame Ion1zat1on

Detector depending on concentrations tested. ‘A comparison

N
S

of the pesticide responses on different column supports at

d1fferent co]umn temperatures was made and the opt1mum supports

¢ ' dgtenm1ned. ‘The effect of 1¥qu1d phase b]eed on responses for

A ’the pesticides was a]so~stud1ed, as Well as the limitations

\ v

of the Electron Capture Detectar when'qsed with columps

) ‘ exhibiting b]eedﬁng.of the~liquid phase. @« A comparisen of - .-
efficienc%, resdletion,and tailing was made for most of the
eblumns studied in an attéhpt to deteem?qe adsorption effects.

'”11 A A correlation between 5ea§s of adsorption, responses, and
) tailing was“attempted The’usefu1 lifetime of a typ1ca1
. l column ( (3.5% (W/W) .0V-1 on Cbromosorb W-AW support) Was o
§ .// ' deeermihed. - -
i : : c= i -
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1.% SCOPE ARD AIMS OF THE THESIS « - e -

* \ v

{6 It has beén prev1ous1y reported (1], that the- type of
solid support used in GLC co1umns wou]d governfthe capab111tw

of’the column to rasolve eff1c1ent1y organophosphorus pest-

dcides. It has also been opserved ‘that solid supports,do not

possess the same performancf characteristics from one purchased

~
2 v

lot to the next.

Pub]isped data on support effects on oréanophosohorus
and @rganochlor1ne pest1c1des w1th varying GLC column temp-
eratures are scarce. The purpose of thi's investigation was:
to answer the following basic questions: .

(1) How doés the co]upn temperature affect the response
observed-fer these pestieides?
(2) What are the factors that shorten the life time of

the chromatographic column used for analysis of these

pesticides?

' s . s
A(3) vwhich supports.are best based on peak symmetry?

(4) How does the, 11qu1d phase b]eed affect peak areas?

>

(5) Which are.the best supports based’ on eff1c1ency,

»~  resolution, ‘and minimum detectability cﬁns1derat1ons?

»
+

1.2 PESTICIDES IN THE MODERN WORLD

Regéﬁt’édvances in detector systems of Gas Chromato-

graphs have enabled analytical chemists to determine



3

, . -3
;  microgram, nanogram, and even picogram quantities of pesticide.

résidues [2,3,4]. The importance of the detection of such

-

small quantities of pesticides cannot be overemphasized

- °

‘ because of ‘the potential danger of the§e compounds to humans

and their environment. The increased use of various types

K of pgsticides in the modern world has led to’ﬁhch greater

4

_ emphasis on the possibility of serious environmental
contamination. p ‘ .

1 N

~ 1 . N
- 5o

‘The scientific attack on pests dates from about the
middle pf(thé'twehtieth century. _In 1963 Rachael Carson';
book, 'Silent Spring' [5],made people aware of the potential
dangers of po]%utibn from pesticides.' Hhenever gertajn'
chemica].pestiéides are applied ko the foliage ogﬂ;eeds of .
crops or té_the soil }here is q-pdssibi]ity that some pf the

»

material will be persistent and may lead to serious contamin-

s

ation of the ecosystem. . vt ,

~ The dinitrophenols (DNOC}—introduced as herbicides in

thé 1930's‘are highly poisonous to manwaﬁd other mamma1s< :
Their use has damageq many form; of'wi]dﬂlife and they have

. caused human fatalities. A1l insects and mammals caught in
the insecticide sprax 4re immediately killed. DNOC is so
tdxié thét the;quantity normally abp]ied to an acre‘(about
4.5Kg) is sufficient to kill approximately 100 human beings.
Fortunately, these dinitrbphenols are rapidly degraded after

contact Withxp]qnts'or the soil and they do not, thereforé, }



"

legve toxic residues.

-

N

Because of economical and toxic réasons, newer synthetic
org{h%c insecticides are appearing on the market. These
insect?cides fall. into ?wo mdin classes - the drganophOsphorus}
and th organochlorine compounds [7]. Organophosphorus
insecticides werquqyeloped aftér World War II from work
originally carried out in)a search for nerve gases. Not
surprisingly, therefore, the early organopho;phorﬁs/inéect-

“‘icides were very tpxic to man and other mammals [7,8,9].
Te%raethy]-pyrophosphate (TEPP) was the most toxic material
ever to be Used on farms. It is estjmated that 100 gm of

o

this chpound can ki11' 1800 ﬁuman béings. Fu]i protective
*clothing-must be worn during its appficatioﬁ; ;Héwevgr, P‘(/\"/f\

Qrganopﬁosphorus have the 1mpor§ant advantiqge over the CL o
'organochToriﬂe ihsecticideslin thap they ane,ycomparative1y,
' rapidlyggegraded bio]bg{ca11y and chemically %n plants,

apima]sf;and soil, to non-toxic materials. The rate of

breakdown aepends on thennaturé of the organophosphorus

insect;;jde, its formulation, method of application, climate, -

and the groewing stage of the treated plant crop [10].

The/g:g:;ochlorine éompounds represent‘the other ﬁajor

group of synthetib insecticides, e.g:, Lindane, Dieldrin and
 Endrin. ?he first and most widely used member was 1,1,1-fr1-
ch]oro-2,2;bis(p-ch3orobheny1)ethane (or DDT), introduced'jn

A

1943, and used extensively during the second World War. The
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organochloriné compounds were not known to have anﬁﬁharmfu]

effects on the environment until the 1950's when they were:

detected in cow's milk after the animals were féd on fooq-

stuffs which had been treated with organochlorine insqcticides.'

>

éeing lipophilic, the chlorinated insecticides are readily

stored in fatty tissue with little excretion and are * B

'
L

concentrated along food chains causing deéthp}o organisms at .

>

the end of the chain [7]. o o
~x . H
Organochlorine and ofgandphbsphpruyﬁnsecticides act as
. r
general nerve poisons. Organochlorine insecticides pose a
great problem to our ecosystem because of their gréater.

stability coqpared to organophosphorus éompounds["They are

gqnefa]]y resistant to biodegradation [11]. i
Future research on agricultural pesticides will be
directed towards the discovefj of chemicals, which combine

Tow mammalian toxicity with specific activity against the

4
candidate pest and will-not interfere with natural predators’

» 4

In the meantime, the build-up of organochiorine and
grganophosphorus 1nseéficides‘in the environment has- to be
controlled before they reach toxic levels. One way of
m§nitoring these iﬁsécticides:{s with the use éf'gas

chromatography.



. coptrol of aphids, red spidér mites, leaf hoppefs, and thrips

Y

1.3 PESTICIDES STUDIED -IN THIS THESIS L
- ] A ‘ ‘ .

’,j N
2 The toxicit&kof pesticides are given by their LD(50)
values [12]. The LD(50) value is the dose required to kill
50% of the population of test animals, and is expressed as N

milligram per kilogram of the body weight of the animal.

+ The smaller the LD(50) value the more toxic the.CO@podn&.‘ A

P

g )
Phorate (I) is a very toxic coﬁpound : LD(50) (oral) to s
- Vs . . .

rats is 2 mg/kg. ‘ N g . ~ . i
. 5 >
’ - »
Phorate is employed fqrfﬁhe contrpl of aphids, carrot

¢

fly, fruit fly, and wireworm in potatog§., A minimum interval:

-

of six weeks must 'be observed ‘between the last application -
- LY - .

-«

Kl

chnso'\‘/m.. . | .‘

‘and harvesting of édib]e-croﬁs [12]7

.
Se

c,uso./ +—CH—§——CHz— CH, '
»
* " I I . T - .
"Phorate (0,0-diethyl-S-2-ethyl'thiomethylphosphorodithioateW. ,

-2 . N
. ]

i -

Malathion .(I1) is a widaly used insecticide for the

on a wide rande of végetab]es and othef.crops. It has a low

mammalian tochity : LD(50) (oral) to rats 1isg,1300 mg/kg. .
J) ) ] N \



0.05 mg/cubié meter.

\ - | . . N ~

, CHy——CO,CoH5

{ . - -
MaPathion (0,0-Dimethy1-5-1,2-di(ethoxycarbamyl)

ethy]phoSphérodithioate).

3 -

Disyston (III) is an ipsecticide that is used for "the

_ébntrol of insects. It has a duration'of about. four weeks.

,The‘LD(QQ) to rats is 12mg/kg. The maximum p@rmissible

concentration in air is 0.1 mg/cubic meter.

-,

: C¥Hs s oo S,
. .0\\\94¢? : B
“c;nso/ ' \s-—.—CHT—‘CHT‘—S—-—CH:, ‘

|

Disyston (0,0-Diethyl-S-2-(ethylthio)ethylphosphorodithioate)

" Lindane (IV) is an,i?secgﬁcide used against many sucking
. ) : \ N
and biting pests, and for control of pests in grain storage.
The maximum permissible concentration of Lindane in gir_is

S

The physical properties of the abglgfmehtioned insect~-

icides are-given in Table (1) [13].

v 1
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solid or liquid.

(ax) ) ~
’ “Tay Lindane (hexachlorocyclohexane).

s
e

- l
1.4 PRINCIPLES OF GAS CHROMATOGRAPHY (GC) . .

Gas Chromatography,is essentially a %eéaration technique

in, which the sample mixture in the’vapbur(iﬁgse is subjected

to a competitive distribution between two phases, one of

which is a moving gas stream and thg other is a stationary

4 >

'fhere are two separating méchanisms us‘ed
U (a) Adsorption .
(b) Partition '
Iﬁ adsorption ch;omagsgraphy the sgmp]é constituents after
volgti1ization are separated by passing them in a s¥ream df

carrier gas through a bed (the column) of powdered adsorbent.

This technique was first suggested by Ramsey [14]"in 1905

. and it is ¢alled gas solid chromatography (GSC).

James- and Martin [15,16] introduced partition chromato-

! « 1 4
2

Pex
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to be analysed. t

9
graphy in 1952. In partition'chromatbgraphy a;comhet{tive
partitipn of fhe sample between the‘moving carrier gas and
a stationary liquid ig used to achieve the separation. - Thif
techﬁique is ca]]éd gas liquid chromatography (GLC).

The apparatu; requ{rgd to produce a gds chromatﬁgram is
showé schematica1L¥ in Pigure (1).‘ The heart of every
chromatograph consists of a length of tubing filled with a
powdered ma?eria] with or wﬁthout a liquid phase'coatjng
through which an inert carrier:gas (nitrogen, he]ium,‘gtc.)

is flowing, This tube, normally coiled for convenience, is o

L,

responsible for separating the individual cemponents of the

mixture and is more pyoperly known as the column. The type'N\\

of column pac&ing«se]ected‘depemds on the nature of samp]é.”

)

The sample i; usua]ﬂy\introduced into the carrier gas.
stream by means of a microlitre syringe via-a rbbber septum
in én 1njec;19n port at the front of‘theéfolumn. The" -l
mixture is then separated according to GSC or GLC mechanisms
as the casegﬁhx be. The épeea and ef?icienéy,pf separation
are tempera%ure dependent:and the cotumn is therefdre moupted

in én‘oven provided with facilities for precise control of

temperature to ensure good repeatébi]ity of resilts.

Séparation is achieved-by virtue of the fact that

individual components in the mixture tend to reside in the

- & « /
A .
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' column for varying lengths of time, depending on their

affinitiés for the column packing, and therefore reach the

b
i S

oL
7

togram is the ultimate objective of the~ahalytical chemist

column outlet sequentially. A‘Hetectbr,;p1aced at the c&]umn
outlet, responds to the emergence of ‘these coﬁpoﬂnds énd\:
produces an electrical signal wh&ch may be amp]jfied\amd
displayed on a recorder. The response of the détector as

displayed on a recorder in the form of a trace or chroma-

L B - e
-

“

since it is the source of both qyaﬁitétive and quantitative
information on the compositiqn\of,the samble. Figure (1)
gives an example‘'of a chromatogram of a mixture containing

\

four components (A,B,C,,and D).

TABLE (1) : Physical Properties of Organophosphorus

and Organochlorine Pesticides.

i BOILING &HNT, VAPOUR -

INSECTICIDES| ~ - COLOUR *|DEG C (0.4 nm Hg)| PRESSURE

Phorate \Co1our}ess liquid 100 o] 8.4 x 1074 |

Disyston Coipur1ess 1}quid 113 | 1.8 x 10°% - 1

Malathion | Colourless Liquid 120 1125 x 07

Lindane - - White solid . 112.8(m.p.).| 9.4 x‘10756 |
: .

1.5 GAS LIQUID CHROMATOGRAPHY

b é ; : i
In" gas liquid chromatography (GLC) ;Béjéeparation is §

achieved by passing the ‘'sample, in thg“g s phase, through a

RN
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p.
4 ‘ ‘ \
4 . , . " Column :
e
Sample
l . Recorder -
Carrier . " s
. —_— M
Gas
Vaporizer Detector
i
Figure (1) Schematic Diagram of a Gas Chroma'tograph,.
. 5
o
. . g
A 1 A §
> . . 3
» . . X s
: - [ ] o
LS
N ‘ ' Time
i A.8,C &0 —samphe components
(
lI
Figure (2 : Typical Chromatograph of a Four
. * 4
. . Component - (A,B,C and D) Mixture. .
. . N . t
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' §
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tube packed with an inert powder (called tﬁe support) on the
surface of which is Foated a film of an involatile ;iﬁuid
(the stationdry phasg). The seﬁaration is achijeved by a
partition process involving the sample, the moving carrier

gas and the stationary liquid phase.

In GLC ana]ijs of any mixture the accuracy and

pfecis{on depends‘on a vast amount o% varjab]es. Some of the

most important variables are the temperéture of the column

and detector, the support and Tiquid pha;e in the column, thé
\Séurface area and cohposition of the column tubing, the flow

rate of hydrogen apd air in the case of the . FID detectoy, the .,

carrier gas f]oQ rate (especially if peak height instead of

peak area is used for quantitative analysis), ihpurities

'preséﬁt in the carrier gas (g.g., oxygen)a and electrode

cdhrosion in the case of the FID.

N e - e L B .
! A

1.5.1 THE SUPPORT . . ;

N

The support material is used to -provide a sidrface on
which is coated the stationary phase ijm (Figure (5), page 43).
The éubport should have a large surface area relative to its

Qb]ume, it should be inert towards both the stationary phase

) and the sample, and the particles should be of uniform size.,
( . I
\ .

Many materials have been investigated as potentiaT

supgsrts but the only ones that are used fo anylextent are \

\\ r : .
. . .
. ' /
)
3
'
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. eriatdmites and teflon. The diatomite supports can be divided -
intg three main types whose designat{on depends on the
) supp]ier. 'For~tHis thesis chromatographic supports ﬁanu—
factured- by Johns Manville were used. They label their

“products as fo]]ods: ‘\
| ' (a) Chromosorb P ~
(b) Chromosorb W |
and, A ~‘ .

@

(c) Chromosorb G

hrves

Ottenstein [17,18] and Supina [19] have published good

o i . o ) %,
reviews on solid supports. According to these revfghs, the
Chromosorbs are prepared by heating to high temperatures,

) sometimes after mixing the diatomite with a 'small amount of

" flux., ,

-/ . When the diatomite, along, is calcined at tempefaiures
of up to 1600 deg F, a pink‘§uppor? is produced. The pink
‘colour of the support is caused by the mineral impurities
(iron, a]dminum, etc.) present. The mineral impurfties form
' comp]gx'éxides which impart the pink colour to the support.
This subport is called Chromosorb P, where vatands.for piﬁk.
when fhe diatomite ié mixed\with a small amount of flux,
sodium carbonqté, and'calcined at temperatures of 1600 deg*F,
a fuséd material is produced. The original grey diatomite

becomes white in colour because of the converdion of iron

& R ~

~
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oxide to a coiour]ess complex, sodium iron silicate. This
support is called Chromosorb ¥, The W stands for the white

colour of the support.

"While neithqg,Chromosorb P nor W may be regarded as _an
ideal suppEFE:.both are suitable for a wide range of
application. Chromosorb P has a greg}er density than W, it
is less fragile than W, and is cqpab]é of holding a larger
volume of iiquid phase 6n its surface. However, when
Chromosorb P is used with po1ar so]utes severe tailing is

often encountered. This arises from adsorpt1ve ‘centres in
the support and gives rise to non-linear isqtherms, an\gsfect
which is much less pronounced with the white supports. In a
compar1son of the pinhk and white supports B]andenet et a1 [20]
found that the propert1es varied with respect to surface area
and pore-size distribution. The difference in pore—size was
considered by Otténstein [21] who reported that the white
support had p&ré sizes of about 9 um while the pink support
had a smaller pore size, about 2 um. It was Shown that this
difference explained the variation in behaviour of the two ’
supports, Chromosorﬁ W ho]d{ng the liquid phase in‘1arge
pools, and Chromosorb P in small ones. The column eff}ciency
is controlled by the mass transfer between the liquid and the
gas phase, the larger pools of 11quia phase require longer

e

transit times 'for the solute, and peak broadening is the

v

result.,
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Johns Manville introduced Chromosorb G, which is also a
diatomite, especially processed for use in GLC, for which
high efficiencies and greatly reduced surface activity are
claimed. In a survey of comparative‘co1umn efficiencies of
some common solid supports Blandenet [20] showed decreasing
poﬁentia]'efficiency through Chromosorb P, Chromosorb W, to
a minimum for Chromosorb G. Chrohosorb G hés a .density of
about two and a ' half times that of Chromosorb W, thch means
that a 5 percent (W/W) loading of liquid phase on 6 would be
‘équivalent to a conventjona1‘12 percent loading on Chromo-
sorb W for%the same coiumn vo]ume: Chromosorb G is

particularly useful when low loaded columns are'required to:

achieve- high sensitivities.

o \ ,
_ Table (2) gives,.a comparison of the physical properties
3 " .

of Chromosorbs P, W, and G. Table (3) gives the typical

chemical a&§1ysislof Chromosorb P and W [18,22,23].

From Table (3) it is seen that diatomite supports are
siliceous materials with about 10% mineral impurities. It
is well established in the literature that the surface of ‘
siliceous materials is cove}éd with thg silanol (-Si-0H)
and siloxane (-S7-0-Si-) groups. The sdf%age of the
diatomite caﬁ‘be represented as )
0H~DH‘TH'. )

- ]
{¥e]
T.

—

—S1 0 Si 0
] B R |

. SURFACE

B g
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Typical Chemical Analysis

CHROMOSORB W

0.
+ 88.

TABLE (3)
. of Chromosorbs, %(N/N).
CONSTITUENTS CHROMOSORB P
Loss on Ignition ‘ 0.3
SiO2 ‘ ?0.6
A]203 4.4
‘ F§203 | o 1.6
’Ti02 .0.3 '
Pa0 0.2,
.Cal 0.8
Mgo - 0.7
Na20+K20 N 0.5

! ) ".

n h v

w o O O« O

3
9

.0

Perrett @nd Purnell [24] have studied the surface of

. [y . . -
Chromosorb P and W supports. -They found that the two

supports -differ in the extent of the surface rather than the

nature of the sur?ace. Their results were obtained

supports. The extent ?f the reaction indicated the

)

‘of the reaction of hexamethyldisilazane (HMDS) with

By study
.the

amount

of silanol groups present. They reported the foHowing"

concentrations of,silanol groups :

Chromosorb P : 4.0 x 10]9

19

Chromosorb W : 2.5 x 10

Q

groups / sq meter

groups / sq meter

' This gives a Chromosorb P /'Chromosorb W silanol group ratio

v
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of 1.6 ¢ 1. - ¢

Scho1z and Brandt [ 25] measured the number of active
sites on Chromosorb P and W supports by measuring the amoung

of n-buty]amfne adsorbed. on the support surfaces. They

reported the following results : ]

3 miTlimoles “amine / gram

-3

Chromosorb P : 7 x 107

Chromosorb W :'6 x 107 mi1linsles amine / gram

This gives a Chromosorb P / Chromosorb W ratip of 12 : 1.

» It is accepted that the Chromosorb P support is
considerably more adsorptive than"the Chromosorb W support. .
The difference appears to be due prfima‘r"i 1y to. the great;er
surface area per unit volume of Chromosorb P over Chromosorb

W.

1.5.2 TREATMENT OF DIATOMACEQOUS EARTH SUPPORTS

Limitations in the usefulness of the support imposed by
the effects of solute adsorption have enl:ouraged a number of D, -
studies to. be'made directed at the elimination of the, 'active’
centres', It is generad]y agreed that these sites consist of

-0OH groups associated with silicon, alumim’um‘and/iro‘l [-26].

‘Many workers have pre-treated thé supporits by prolonged

extraction 'with hydrochloric acid of various strengths which
is claimed to lgach out surface alumina and iron. Although

1"

treatment with acid canﬂbe effective in removing active -0H
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.aluminium, it does nothing to eliminate “the effects of the

- . \ 20
' ‘ N » . ' hg . (
groups associated with surface impurities such as iron and

o

7 'silanol (-Si-OH) groups. A method, which has been used with

. great success, .is the modification of the surface hydroxyl

' groups by s11aanat1on (A procedure for this, invuiuing the

A

-use of d1methy}d1ch10ros11ane, was reported by #erning et a]

[27]. The d1methy1d1chlor0511ane (DMCS)‘?@ assumed to react

with the hydroxy1 groups on the silica surface as shown 1n

's1tes are st111 observed on these modified surfaces,'

react1on (1) and (2). As two adJacent -04 groubs are requ1red
for complete reaq¢1dn (React1on (). 1t 1s unlikely that all
the remctwve sites are removed. A" s1ng1e —OH group might

leave an undersihahle =§i-C1 Tlinkage as in react1on((2).

Si]ahisation by means of OMCS.must be followed by.removal of

the —S1-CT by washing with ﬁ?%%?ﬁhﬁ~h~likappears that the

-Sl-C] reacts with the methano] to form a methox&?compound

Id
-

et . -

(R@act1on (3)). ' L i;

¢
d »

An alternative reagent, “hexamethyldisilazane (HMDS) was _

" -used by Boheman et al [28] to e11msnate silanol group$ From

the surfacesof Chromosorb P, Ws and G. As some react1ve 4

s
L1ttlewood [26] suggested that' not all adsorption is

assoc1ated with —OH,groups.
\

The main forces contr1but1ng to adsorpt1on are cons1dered

”y

to be weak Van der waa1 s, forces and stranger hydrogen bond1ng

forces. -Di Corc1a et al [29] suggested that-all polar liquid

t

¢

2
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Chromosorb W-NAW (non acid washed).

P
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phases neutralize the weak Van der “Waal's forces, but that~

ltquid phases capab]e of undergoing hydrogen bonding aré

required to de- act1vate the polar adsorption sites. The

'hydrogen-bond1ng sites are‘of,two types. The f1rst arises

from silanol (-Si-OH) groups, where the support is the proton
donor in the hydrogen bond, and the second’ from siloxane
(-Si-O-Si-)'groups where the support act§ as the proton
acceptor,. 0ttenste1n [30] has po1nted oyt that the s110xane
group is much more, effective 1n form1ng a hydrogen bond than

the*silanol oxygen, and that 1t is the strength of the

hydrogén bond that determines the extent of solute adsorption.

Therefore, compounds that form strong hydrogen bonds, e.g-,

water, alcohols, and amines, cause severe tailing, whereas

‘ketones, esters, etc., which show less tendency to form

‘hydrogen bonds, cause little tailing.

’ -

1.5.3 CLASSIF&CATIdN OF MODIFIED DIATOMACEOUS SUPPORTS -

-
k4

(a) THE WHITE SUPPORTS [31]:. .

. L\
\\

These\are derived from flux-calcined diatomite. | They

are fr1ab1e but fé]atwve]y 1nert and are useful for the
analysis of po}hr samp]es They are commerc1a11y ava11ab1e
in several forms :

[

(
(V) The unmodified diatomaceous supp}rts. e.g.,

A

v

-~
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‘(2) Acid-Washed (AW) diatomaceous supports. These have

. been modified by various acid-washing procedures to remove

some of the adsorptive sites, e.g.; Chromosorb W-AW (washed

4
with hydrochloric acid):

(3) Silanized diatomaceous supports. For further

_reduction of active centres many supports are available in

a silanized form. These are recommended for analysis of very
polar materials and-for use in making Tow loaded columns.
Silanized supports are ihncompatible with certain high]y polar

liquid phases. e.g., Chromosorb W-AW-DMCS.

(b) THE PINK SUPPORTS' [31]

o A\l

These are derived from diatomite calcined wifhout flux.
They have better handling.characteristics than the white
supports. They give greater efficiencies but are less inert
and so less suitable for analysis of polar solutes. The same
chemical treatments are givEn ‘to this support as are given to
the whitehsupport“ ' -
]

(1) Unmodified pink supporps, e.g., Chromosorb P-NAW.

(2) Acid-washed pink stpports. These-are less active
than the untreated support, due to removal of surface iron.

They are, however; still unsuitable for ana]ysis of polar
materials. e.g., Chromosorb P-AW. .

€ v
w R ——
, . . e
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(3) silanized pink supports, These are the Teast

i

active of the pink sbpports but still are not as inert as the’

best white supports. They are efficient supports for semi-
polar materials but are not satisfactory for low liquid-phase

loaded columns. é.g., Chromosorb P;Aw—DMC$. '“*\&,

J

- S ©oom

(c) CHROMQSORB G [31]

LI

This\is specially prepared by Johﬂs Manville as a

’

support for gas chromatography,i>A§ it is very inert, non-

fragile and dense, it is particlarly useful, for columns

“carrying less than 5% (W/W) loadings of liquid phase. It is
available as Chromosorb G-NAW,# Chromosorb G-AW, and Chromo-

sorb G-AW-DMCS.

’

" *(d) CHROMOSORBS HIGH PERFORMANCE (H.P.) [31]

{
vy .
¥ n

These have been developed for use with steroids, alka-
\]oidé, and other pharmaceutical, medical and toxicological
compounds. Chromosorbs H.P. are high quality, carefully acid

washed, si]anized{ and fiux-ca]cined diatomites, Thei€

.k ' ‘- - - ! - -
features includg superior inertness and column efficiency,

LN

\nb,catalytic surface activity and short column conditioning

ti@es [31]..,Chromsorb W and Chromosorb G”ére available in

h

the 'H.P.' grdde.

(e) CHROMOSORB 750

|l

i} f ) * -
' This is claimed by the manufacturer to be the most inert, "

- . . p)) .
“ N ’

e ]

©
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‘non-friable, free f1owinq, and hféh]y efficient support on
‘the market. It has been designed specifically for biomedical
and pesticide‘Analysis. It is prepared by exhaustive acid-
washfﬁg and effective silane treatment of high purify.
diatomite. ,

\

1.5.4 POROUS POLYMER SUPPORTS

\

Johns Manville [32] produces potrous po1&mer supports
ﬁnder the name Chromosorb Century series. These supports
[36] are resins of the polyaromatic type. These resin§ have
a uniform ridid structure with a distinct pore §i2e, and are
'infusible' and 'inso]ubie‘.in most solvents. Porous
polymers are especially effective in prpviding excellent
separations of a variety of gases\and compounds witp boiling
points up to about 250 deg C.

Chromosorb Century series leymers are produced by
copolymerizing monofunctional moﬁomers with difuncfional.
monomers. For example, Chromosorb 104 (Téb]e (2)) is
p}oduced by the copolymerization of aprylohitrile monomer
(ACN) and divinyl benzene monomer (DVB). It is a very polar
support and has a jarge surface area. Similar products are
produced by bthgr companies. Generally, porous polymer

shp ts are used primarily in gas solid éhrbmatogrgphy'(GSC)

becpuse of their poor wettability by liduid phases [33].
. '



1.5.5 ULTRA BOND SUPPORT

Ultra-bond ;ubports [35] are.preparedgﬁy extensive
deactivation of a diatomateous earthﬁfoliowed‘by coating with
a liquid phase and treating-at high temperatures. The heat
treated phases are thgn'exhaust%ve]y stripped with solvents

to produce a support hévihg a 0.2% loading of ngn-extractable

Tiquid phase. 1In 1976, Ultra-bond 20m (Table (2)) was intro-

K}

duced as a bonded GC backihg. The liquid phase ‘bonded to
Ultra-bond 20m is Carbowax 20m which is very polar., Bonded
phase supports are attacked by oiygen at high temperatures.
Therefore:ca:2 must be takgn to protect them from oxygen.

) These supports are especially 960d for GC/mass spectroscopy
systems siﬁce they have ze}o b]eéd, high efficiencies- and
high temperature stabi]i;y.

% ) ‘
1.6 THE STATIONARY PHASE

v

The separation of the sample into'its cénstituents is
achieved by a partition process involving the stationary ‘
1iquid phase [34] and the moving carrier gas. The sggtibnary
phase must be involatile and thermally stable at the temper-

ature employed for the analysis, and should be coated as a‘

\

thin, even film onto the support. The stationary phases in///'

-general use are high boiling point organic compounds gnd‘can
be- classified as being"either selective or non-selective

(non-po]arj. Phasesin the latter category separate on the
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basis of differences between the boiling points of the sample
components (the highest boi]%ng componeﬂt e]uted 1ast and
the lowest boiling component eluted first) whereas fhe
se]ectjve phases separgfe on the basis of chemical differences.,
.'Generale, it js found<that a polar substance is most'
- satisfactorily analyzed using a polar statioﬁary phase, .
whereas non-polar compounds will be best resolved by a non-

polar phase (like separates: 1ike).

Urane et al [35] found that when polar solutes (e.g.,
orgaﬁbphosphorusand organocﬁ]oriﬁe) are resolved on a support
coated with a non-polar liquid phase (OV*]O],SE~30,Squa1ane,'
etcf) the solutes easily penetrate the non-polar phase to
fnterac@ w%th the support surface as if the liquid phﬁse
were not there. When squalane was used as the Tiquid phase
on a support, it was shown that,the}support surface was
only stightly modified, and the amount of polar solute
(methanol, acetone) sorbed Was eé;entia]]ylthe same as that
' /§orbed by the uncoated support. When a polar compound was
added to the non-polar liquid phase which was then coated
onto the support most of the active sites were removed.
éedgded adsorption‘was observed on the support,

“ Unlike OV-101, OV-17 and Squalane which are.fluids, OV-i
is a solid (Fubber) at room temperature.- At elevated.temp-
efatUres, about 310 deg C, 0V-~1 changes from a compact

rubber to a gel like solid (swollen). Lindgren et al [36]

. : g
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1

claimed that OV-1 allows organophosphorus: pesticides to
peneiratq its surface more readi]& when compared to 0V-10T.
As will be explained 1atér, 0V-1 and 0V-101 are bothlbo1y—
dimgthylsilicone compdundé withzﬂ%fferent molecular weights.
OV-1 has a higher molecular weight than 0V-101, and it has
some cross-linking. Hence, the solid patu?e of 0V-1 and the
fluid ﬁapure of OV-101. Lindgren et al attributed the -

greater tailing and adsorption on OV-1 to the higher

‘diffusibility through this phase.

1.6.1 WETTED AND UNWETTED SUPPORTS

The way in which the liquid phase is distributed on the
support depends on the structure of the solid support, on the
) -

relative surface tensions of liquid and solid surfaces, and

on the solid-1iquid interfaces [37].

. the proEess‘of silanization, the char'a)cter of the
surface Js changéd from hydrophilic (water-Toving) to hydro—q
phobic “(water-hating), making it particularly effective %or
the retention of non-polar phases, However, the resulting
production of a sgpport of low surface energy makes it
difficult to coat with polar phases because of the poor

wetting of the surface [38]. If the solid has a lower

.surface energy than the 1iquid the contact angle must be

greater ttan’ zero and the support is not completely wetted;

Theilfquid then tends to be distributed discontinuously in

T
i)
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isolated pools or droplets, The surface of diatomateous
earth supports, when treated with si]aniziyg agents, is

.

.predominantly covered with methyl groups giving it a low /
¢ . )

surface energy. Serpinet [39,40,41] has shown that even

- .1iquids of relatively low surface energy do not wet the

_major part of the surface area oﬂ‘silahized supports.

According to Giddings [42] a porous wettable solid hp]ds
" the liquid partly by adsorption forces and partly by
capillary forces. Capillary 1ihuid jn the narrow recesses
of the solid is in'equi1ibrium.with a reasonably uniform
adsorbed layer over the qeméinQer of the surface, as
illustrated for an ideal ;urface‘in‘Figure (3A). The
a%gorptign forces are strong for the First monolayer of
h‘qjid but fall off rapidly with distance from the surface,
| Figure (3B) represents Serpinet's model for liquid which
does not wet the support. An unwetged support would ‘
normally cause tailing of a po]ar’so]uté whereas a comp]etely‘
wetteé support would eliminate tailing. Thg exposed support

material, contributes to the reténtion term, KgAg, 1in

eqqafion (26) page 48 S

CIf particﬁes are broken during packing of the column, .
tailing and adsorption will occur [19]. The Chromosorb W
- supports  are especially likely- to be brokén during packing

because of their low friability [31].



Adsorbed film

Caotllary l

Capillary hquid
ligwid .

(A) Wetled iup?wv ‘ ( B ) Unweited support

v

FIGURE (3) = Liquid Distribution Models:

. Lo ) _ ‘
(A) . Giddings Model for Liquid Wetting.

an Idealized Porous Surface.

!

- ! ’
q

" (B) Serpinet's Model for Liquid Which

/ " does not Wet the Support.

In retrospect what is being said here is that the
surface energy of 0V-1 is relatively high, for example, by

comparison with OV-101, and hence it ,will spread less

readily on diatomateous supports, leading to a greater

. likelihood of adsorptidn efféﬁts. , ;
. .. ! K} . g’
> . s L4

1.6.2 POLYDIMETHYLSILICONES )

\

Polydimethylsilicones (PDMS)‘are the most widely uSed
liquid phases in GC today because of their good temperature

stability and.their Essential]y %on-polar Separating

‘characteristics. Recently, refined versions of the PDMS,

4

-
-
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such as 0V-14 0V-101 and SE~30 have been produced and

\
marketed exclusively for use as GC liquid phases [43].

l ) S .

“+

For the purpose of simplification and understanding of
the language of the chemistry of silicones, Table (4) fs

presented to show the symbols and formulae used in d1scuss1ng

'silicones [43]. In- Tab]e (4) R represent a methyl group.

Examples of the use of the’symbo1s, 94, and MDM are given

by the structureé below.

4

CHy—sSi: CH,
CH, ° H H
. 3 3 3
j——=CH; | 1 . en
/ cu;—T——o-——ih——O-—-ﬂ"—' 3
cu}-_sin 0 ‘ ) ‘
CH, - CH CH
I .,/( : Hy 3 3
S
D , MDM ‘ 1" ‘ ,

PDMS, 1n ggneral are“represented by the symbo]1c formula

'MDXM. _Mhen x = 0,-MDM reduces to MM which has a molecular

weibht of 162 and a boiling point of 100%C, When x is’
greéter than 10,000 the product may be a viscious oil or even
a stable rubber as is the case with O0V-1 (high molecular

weight).|'SE-30 (medium molecular weight) which is ' a gum
. ! e )

EEY
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TABLE (4) : Symbols and Formulae of PDMS,

{ ¥
STRUCTURAL *
SYMBOL FORMULA COMPOSITION
T
M R Ti 0 R3S10,),
N
R
D.  —0—Si—0— RS0,
B
A . .
f4}——fTv———0- R25103/2
! ’0\
[
Q —o———Ti;—-o— 510, ,.
N 0 -

i

} ;

FUNCTIONALITY

Monofunctiona]

or end biocker

Difunctional

or backbone

Trifunctional

or crosslinker

Tetrafunctional

or crosslinker

.
Wt

pr_ o

Py
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has an x value less than that of 0V-~1, 0V-101 (low
pmolecu)ar weight) which is an o0il has an x valge even less

than does SE-30. . T ‘t

The sepéﬁating characteristics of all PD S.should”be
essentially the séme. The main reason for concern to a
chromatographer using a PDMS ‘as a liquid phase is 1ts;
instability. Re3idual trfaces of caté]yst (stLong cids and

i

bases) used to initate polymerization, can haye a definite

effect on stability, and PDMS will appear, to depolymerize or

bleed when being used as a 1iquid phase at high tempgratures.

o

, The catalyst in the liquid phase makes ii\virtua1jy

-~

impossible for the chromatographer to improve dpqn the
temperature stability of the ;pecifih PDOMS., Not only is the
chromatographer at the mercy of the commercial ﬁanufacturer,
but he must also make cgrtaiﬂ,that pbtential caté]ysts are

not induced. in the process of céating the support [43],

The chromatographer must also be careful in the sample

L) ’ » ) - . 1
+ _ types which are analyzed using a PDMS as liquid pjase.

g

§trong acids or strong bases may cause depolymerization of

: x
the Tiquid phase at e1eygted temperatures and hence bleeding.-
The column has to be re-equilibrated every time there i§
' e
depolymerization, These effects may all-tend to shorten the

1ife of a PDMS column which is used\gt elevated temperatures,

R

« ~ . It
4

Py
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K

T If no depolymerization occurs due to catalyst or strong

/‘ \

;;jjd‘and base solutes, then, the PDMS are extremely inert
< iquid phases and may be usesto énalyze most compoundS’ik

b

. ekgyated temperatures with excellent results.
; \ . .
The higher molecular weight PDMS are stable at 150 deg C
"in air for extended periods of time. Above this temperéture,
vfscosi{y will increase with time and eventdk]1y the

will gel [44,45].

\ . N
)

materia

. . The PDMS are considerably more stable in the absence of.
oxygen, as in 6C columns. In this application, OV«l, OV-101,
and SE-30 may be used for extended periods of time 4t up to
350 deg C, and p?égrammed temperature operétion up to 400
deg C is routinely performed. Any bleeding which does accur
9nder these conditions usually indicates the decomposition
o% the polymer chain to the sma1]er‘cyc1ic species (i.e.,fD4
on paée 30). Figure (4) Sho@s the type of infrared thaf
.might be obtained for components co]Tecfed'ffom a bleeding
column. The broad band between“9 and 10 microns is
céaractetistic of iinear polysiloxanes, and the band at‘7,Q
microns is for methyl silicon [44]. : ,
. . . i ! A

T Generally, the PDMS are quite.chemica11y inerte
However, solutes which are §trongly acidic or basic are to be
avoided. 'E1ectrophi1es; such as ch]orine, may cause

cleavage of silicon—carbén bonds [4&,44].

’
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"FIGURE* (4) : Infrared Spectrum of Cyclic
o - ) Methylsilicone Spécies (&u). .
o , ‘, (Reference [44]). . T,
The therma] ox1dat1on of po1yorganos11oxanes beglns at
-150 ‘deg C [45]. The organ1c groups attached to the 7111cone 4, T
in POMS lower the thermal stability of the‘siloxanéZbond, ,
and this stability decreases as the number of such‘ royRs
. ) " " v
increases from zero to two. The lower 'stability 1s/due not
.omerely to higher concentration ofﬁordan{c mattery bht also
td the fact that the polymer is linear rather than three-
dimensional, § in Table (4). Vo1at11e'prbducts of the ’
thermal oxidation ‘of PDMS cdnsisf‘main]y of carbop dioxide .
W ; : . :
(2%), carbon menoxide (25%), water (17%), formaldehyde N
(3. 7%); methanol and traces of formic ac1d.‘ The mecﬁ%pism"
involves oxygen attack on the- carbon, The inital products h S \
are hydroberoxideé which rapidly decompose I45,49,47]% (,

Product (I) decomposes toaforma1dehyde and the OH radical.

. ¢ .
!
“ . ‘ . )
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The latter adds to a silcone of the polymer

(Reactions (4)

v P q
) ‘to (8))| . . ‘ .
s )
+ M f N
. % . (o] ————— 66;;—6; [4]
’ L
‘¢ ' “
. « J \
[ e clH \‘\M* C'Hzoou’
f- =3 + -0 o > ¢ —dsi—o- [5]
! k
. CH ‘Ha ‘
. ) { . 1_
\ , ™4 :
., \ . , "~ '
w Jf' .
© ‘ﬁuzoow S
., . ." > . v
—Q S ——0-‘— —n————>< —O‘—%l_—o. -+ CHQO_ <+ OH [6]
_'CHq lua o |~
. .k ,
. i . ,
‘a ‘ ! - H
o,
—-b——jq—o-— -+ OH — " j—0 — [f] -
K "3 H3
. : . ’ . \
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1.7 REACTIONS OF THE PESTICIDES

TH T" | .
...o..._T‘ —_—— - ..o__f....o.. —— Hsc‘._T__o___.a__CH 3 [8]
H : o] ’
CH3 ‘ . 3 ’ . l' I

Thermal decomposition of formaldehyde yields mainly carbon

.mo'nox'ide‘ and hydrogen (Reaction (é)).

CHo —>» co + H, [9]

Carbon monoxide is therefore the principal gaseous

degradation product. A ;‘)ortion of the forma‘l“d"ehyde is,

however, oxidized to form1c ac1d and carbon d1ox1de- (Reactmns ‘

&
(10)and (1n)).
. a L. <
' 0, -+ 2CH0 ~——> 2HCOOH - [10]
. . ,*' q' “ ) )
’ - 0y 4+ CHo =—— <o, +  HO o [11]
f §

-"PDMS age degraded by oxygen not only by the rupture of the
. Si- C bonds, but also by rupture of the Si-0- S1 bonds The,

latter starts at 300 ‘deg C and is very 1ntense at 400 deg C.,

»

“+
o

o ' RS
Both trivalent and pentavalent phosphorus compounds

l\‘ "\

-
» -

&/
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react with silicone compounds to give -P-0-Si- compounds,

Con ' ‘ ‘
£9,12]." The -E—O—Si— compounds are much more cgmmon than ‘
l ) . ! } . .

the -P-0-Si- compounds,
The organophosphorus and organochlorine pesticides
studied in this project can be considered as Lewis bases

because of the lone pair of electrons on sulphur, oxygen and

. chlorine. Some of the reactions that are possible with these
] ‘

pesticides on the 0V-1 liquid phase are demonstrated in
Scheme I. These reactions are similar to those of the

pH%sphate compounds (Scheme II). Reactions (14) and (15) c

occur upon heating the trig]kylacetoxysilaneszwith hydrpxy—

methylphosphinic acid (molar ratio 3:1) at 150-210 deg .C [48].

a

The organophosphorus pesticides can also be-oxidized,

The sulfur atom of the thiophosphoryl and thioether groups are

_replaced vith oxygeh [49]7.

4 . . '

The thicether Qroup in a side chain 1is .oxidized to
sulfoxide and then sulfone, o -
- '
The thioether droup is more susceptib]e'to'oxidation
than & thiophosphoryl group. -Reactions (16) and_(17)‘
demonstrate {he‘oxidation of the thioether group. »

N L_adl
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Organophosphorus pesticides undergo thermal decomposition
starting from about 135 deg €. * The trans form of Dioxathion
undergoes pyrolysis more readily at 135 to 140 deg C than the

cis‘isom'er, which decomposes at 160 to 165 deg ¢ [50,51].

TRANS DIOXATHION

-

3

. | ) o :
R \IQj/\J\ﬂ—(OC:IHS)z
v i ‘ . \ (,s .

| _t%og-Ls/_(/\" S

]

heat
| SN |
e ' TI | l 4 " HSP(OCyH),

¢ 18]

\(C,Hlso )Q—Il—;-s/ \o

A - o Y
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.~Isomeriz_at1‘on also occurs at Elevatéd fempe}atures l[50].

Me-tcalf et al [51] shqwed that methyl'Par;athion is 91%

isomerized into 5—Methy'|phosphor‘othiolaté by heating at 150

deg C for 6.5 hours. Parathion ‘is isomerized 90% by heating

at 150 deg C for 24 hours (Reaction (19)).

PARATHION

CH.O
#'s \P/s

o / ' : \ )
‘ . CHs0 No,

»

he.i, ' . e

“»
N \ /s C2H

K ‘ M50 / \O—@_ [19]

he above d1scusE1on gives some idea of the chemical

i

“chan ﬁ

N

organ Tchlprme pesticides. The critical variables that ar‘e

v

s that can occur during the GLC of organophosphorus and

’re]ev@lnt to the above reactions are the chemical make up of

the Gup column, the oxygen present 1n the 1liquid phase, the

Wy .
tem.perigture of the column and the basicity of the pesticides.

As wi{?\ be seen later, one or more of these variables can .

1

1nd1 ret:tly explain the shape of the thermograms in Appendices

([I) and (II).




<

1.8 THE COLUMN

As has 'a1r‘eady beeh mentioned, in GLC the stationgr‘y
phase is a liquid coated onto a solid support materjal. The
sepérat,inglpr'incjple depends on the di‘ffehence in the
partition coefficients (between the 1iquid and gas phase) of
th\e constituents of a mixture. ThoSe constituents with a
high affim’ty for the stationary pha;e wi]l tend to dwell in
1t and therefore take longer to travel through the co1umn

'than those with htt'le or no aff1n1ty for the stationary.

phase [53].

. Co]umns are gerderally constructed gf glass or stainless
_stee] tubing and are filled by forcmg the packlng into the
tubing using a pressumzed gas supp]y, by drawmg the
packing into the tubing, by using a vacuum Tine, or by
inthoducing the packdng via a funnel wifthout apb]ication of |
pressure, In all cases the fi]h‘hg pr’ cess may be assisted

by vigorous tapping or vi'brai:ing of the coT_umn [19].

C - (
“,f";\ After fi‘ﬂi‘ng, it is necessary to condition or ‘age'
the column., .This 1s done by heatmg the co1umn to a temper-
ature 20 or 30 deg C above the maximum temperature intended
for its operation, whilst maintaining a flow of carrier gas
through the column. .This pr‘ocess'r‘emoves residual solvent
and other vo]ati']es present in the stationary phase, which

would otherwise bleed and contaminate the detector during
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-anagysis. [t should be noted,- howeyer’, that there is a
/ .
temperature above Which the Tiquid phase will begin to bleed
ofir at an excessivesrate, leading to impaired column

performance. Figure (5) represents a typically packed GLC

column. o . . -

Mobile phase
\

FIGURE (5) : Typically Packed Gas Liquid

Chroma tographic Column.’

The r‘equ'ir'ement for the supbort to be inértis important
since any degreg of interaction between the sample and the
su"pbort is likely to lead to distortion  of the chromato-
graphic peak wh1:ch is known as 'tai]jng' (see Figure (6X)).
For this reason pre-treatments such as' washing with acid and
alkali or deactivation by silanization may be necessary,

especially when low (i.e., less than 5% (W/W)) loadings of

stationary phase are to be used [19], The degree of tailing -

- of a peak can be calculated as shown in Figure (6Y). Here,
+the tailing factor is calculated as ]b (a/2b) where the

factor ten is used to expa'nd the scale so as to obtain

(3
&
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convenient numbers [54], SR

X

, L Syrmmetrical pesk

Inject

e L
FIGURE (6) :X) Symmetrical and Tailing Peaks.
Y) Calculation of Tailing Factor.
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Impregnation of the support with stationary phase is)
achieved by mixing a known weight of support with a
measured quantity of stationary phase dissolved in a suitable
solvent. The solvent 'is then removed by eva poration- du‘r'ing

which gentle agitation must be used to>pr(o&duce a free-flowing

powder without Tumps.

The stationary phase 1oad1"‘ng is a measure of the amount,

of phase .présent on a weight/weigﬂt basis, 1.e., 10 gm

- PR L}
stationary phase + 90 gm support would provide a 10%2 (W/W)

.

N

lToading of stationary phase [53,54].

1.9 COLUMN PERFORMANCE

1 U

fhe success of any GLC analysis depends upon the
separating abiTity of the column. Column performance is
influenced by a number of facto‘rs. The overall efficiency.
of phe column is ustally exprgssed as :the number of
theo‘retic‘al plates, n. ‘The concept of theoretical plates is
derived from considerations of fractional gh'sti]lation
processes, and refers to the number‘o‘f equi]ibriﬁm stages‘
occurring within the column.  This measure of efficiency is
obtained by reference to the elution curve or peak produced
by the detector and displayed on.the recorder during the
analysis. At the peak maximum, a finite volume of carrier

gas will have travelled 4hrough the column, " This is “known

as the retention volume (V) and is related to the retention
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time (t) by the expression given in equation (20) where EEC
is the (volume) flow rate of the carr;ie‘r gas and t is he
time for t‘he' emergence of the peak maximum after the

injection of - the sample [55]. (See Fi'gl:_n*e (7) page 51), In

.. practice , the retention time is 'obtained d1'rect1y from the

recc:or'der' chart, since the chart speed is constant, Howeve;-‘,
in some cases it is necessary to mgasure the retentton time
froman air peak or solwvent p;aak. This is caHedl the W
relative refention time (RRT).

@ ) ’ ) -
VosiEt o o (20)

4

For physiochemical ’interpr‘etation, often, the _‘speci\fic
retention -Yo1ume' is required. fhe specific retention
volume (V ) is obtained by con‘verting the retention volume
(V) to a standard value at a given temperature and pressu}e

B

and per unit weight of ' stationary phase [56].

273.RRT.FC.f

(mzgm) . - (21)

\

. g
‘ TC.W.U

‘ >
where RRT is the rela\tive retention time (inches); FC is the,
f1ow (,'.at:‘e of the column (m]s/minf); U 1s the recorder chart
s peed (.1' nches/min); W is the weight (gm) of 1iquid phase in
the column; Tc is the temperature of‘\thé column in degree

N :

Kelvin; and f is the correction factor for the pressure Yo

gradient in the~column. f is given by equation (22).
Ty

L g

-
ERS

Ty,



47

0 f,A 2
- 3(py/py) -1 :
f = 190 o - (22)

2(p;/p,) 21"

v
where p, is the carrief gas pressure at the inlet of the

column dndppo'that at. the outlet of the column,

H

1
' ) . . a

The time taken for a substanceuto pass through a ga§

- . '
chromatographic column (the retention time, t) depends on the

‘column téhperature, the carrieﬁ gas, the flow rate;/the
co]uhn‘1en92h,etc. But if a]]_these parameters are képt
constaht the retention time will be constént and, repeatable,
Retention time is’a bhysh:ia charécteristic'anajogousﬁto
meltihg or boiling po{nts and as with these parameters®can

-be used ‘as evidence .of samp??\{dentificationu

—

1.9.1 .GENERALIZED RETENT{ON MECHANISHS

The partition coefficient K] in GLC is defined by the

equation (23)., L

s ot

ko= Qe L (23)

- 4

&hene C i5 the conceptration-of solute in the gas phase (moﬁe/
vo]umg) and Q is{fhe concentration of solute in the liquid.-
phase when the solute is disferuted between a gas (cérrier
gész aﬁd(§-1iquid (1iquid phase):at qui]ibrium [5é]u |
Assuming fhat'the statiqnary and mobile phases remain

- .
- .
2 . - T

1
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in equilibrium as the solute moves® through the columh, and
that the-1iquid phase behaves as -2 bulk 11quid whose
propertles are not affected by distribution on the support.
then it can be shown that the measured net relative retention

vplume, V2, is related to K

R L

ph%se, v by equation (24).

L’

(24)

2 ' ” : i »
VE is related to the specific relative retention volume
by the following formula [56].

)

L 273.y0
T R v (25)

-g ,
TC.W

Vi

.

Equatijon (21) holds ‘only if the chromatographic peaks

are symmetrical, i.e., there 17 no t§j1fng die to adsorption, ’

Liao and Martire [57] used a genera]ized equation to account
for part1t1on of the. solute in the 11qu1d phase.' adsorption
of the so]ute on the liquid phase (this is typlcal for po]ar
solutes on non po]ar Tiquid phases), and adsorpt1on of the
solute on the ex&o§ed support. For asymmetrical peaks all
three of these mefhanishs t%he place [58,59]. Rb@ equation

is,' | y
, .. \ (Y

B 3 g

\ gy VKA, ;o KghAg s (26)

-”( - ,

hhere KL and V haIe 'the same mean1ng as defined in equat1on
(24). | and K, e, respectively, the part1t1on coeff1c1ents

+ . .. ﬂ‘ | .

) .
v . .
\ | . : ,

and the volume of the stationary.

]
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<

relevant to the solid support and interfacial adsorption, A1
and A_ are theAcorresponding total surface areas. ' In this

. . \ . -
thesis all of the columns gave tailing peaks., For these

columns equation (26) should represent the mechanism

© . contributing to the retent%on time.

>y

1.9.2 HEATS OF ADSORPTION

It has been well established that plots of log Vg as\é;
I'functﬁon of reciprocal absolute column temperature are
frequént1y¢1inear, particuiar]y ovér narrow temperature span§
| f5$,56]u' This behavior arises- from the thermodynamic

properties of the solute-sorbent system. The following

- #. equation may be deduced for such systems [61].

‘ AH :
LOG V = ————r + k. o)
: 9 2.303.R.T ;LT
c
. , L
5 ‘ ’ .
where AH_ is the heat of adsorptidon (or solution as the’ case

may be) [62]7, Tc is the absolute column temperature, R is a
, gaﬁfcoﬁstant, and k is'an experiménta]]y determined constant
ifor a given solute-sorbent system,

Since tailing is an adsorptive effect, an attempt will

s

beimade 1n this thesis to oorre]afe peak-téi]jng and heats

~

of adsorption for the supports studied.
. T, N\ N

N



(29).

1.9.3 EFFICIENCY

The width of the peak at its base, W, is taken as the
distance bexween tangents drawn as shown in Figure (7), and
is expreSséd in the same units as t. The number, n, of

‘theoretical plates [54] is given by equation (28).

"

It can be seen from this formula .and Figure (7) that the

narrower the peak, the more efficient is the column,

Since the Tength of the column will affect the total
number of plates, the ‘height equivalent to a theoretical

plaie (hetp)', H, is usually calculated from the equation
. ' . - B .
\

f L]
L]

Tength of column

JUPE

p . no= 16(t/W)2 . " (28)

W= - ‘ (29)

n b

-

,./

Alternatively, one may quoeé the number of plates pék

unit length. A good packed column will, for‘examp]e;

produce about 500 theoretical plates per foot [53]

1.9.4 RESQLUTION \ - e
o ————\t—-——— N o o

«

Another measurement of co]umnvﬁerformance is given by

the degree g%;Separation between two adja eht peaks [54].

=4

' . ‘ . ’ - k :
' . o .
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This is known as the resolution, R, or separation factor of
the column, and it is given by equation (30) or (31) "' ~ -

(Figuré (8)).

2(t -t ' o
R =——D & ‘ . (30)
(Wa'l'wb')‘ T |
or . ' ' g - ‘n<,' L R
‘ 24T ' . l
R = —— . (3‘1)
+ : :
Wt Hp) : |
- . ' i ) ' ' o Es \ |
In general, if the pea {rESO}ution factor is greater than >\§
one, the seoarat%on may be rlegarded as adeduafe.
N & ’
5%
- INJECT o
, 4E-
e f ‘ 1
\ !
FIGURE (7) : Retention, Tipme (t) and Peak Width (w) of a
. ” Sample. | ‘
, n
i (.’/-
@
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DETECTOR
: !ESPONSE

A3
1 a
. *%E—-----

Ea

FIGURE (8) : Symbols indicating Variables Used to Calculate
! . the Resolution of a.to]umn,

t

1.70 QUANTITATIVE ANALYSIS

The size of every peak disp]ayéd on the'recordﬁr.is a
measure of the amoﬁnt of a~pafticu1ar gompqneht present in
the sémp]e. It is the area under tﬁe peak which is
ﬁroporwiona] to the—quantity of the-component preseﬁt.

v LY
The héﬁght of any peak is a funétion of its area,and .
for symmetrical (Gaussian) peaks it may be:used directly for

quantitative purposes, However, peak shape (and thérsfore

~

peak height) is liable to be altered by%s]ight variations -

in operating.conditions.or injection techniques.

A\l «

T

. Peak areas can be measured in varipus ways. -Peaks can

- .
.
, . .

~
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be cut out and weighed to quantitativeTy estimate a component.
It is assumed that the wéights are directly proportional to
their areas, b%t variation in paper thickness can introduce
~errors, This method is time-consuming, tedious, destroys l
the analytical record, and is difficult to use with small

peaks [54].

Triangu1atﬁonis‘anoth9t method used for approximating
‘aréas under a peak, - There are two variations of this method;
In the first, Figure (98), tangents to‘the sides of the péak:
are drawn, and a baseline is constructed under the peak thus
péoducing a triangle. The area}‘is giveﬁ b§ eduation,(32);

)

" Area = 1/2va.h : ' (32)

3

In the second variatioﬁ (Fighre §A) an 1maginarv
triangle is drawn 1ns1de the peak, and the ar;a is obtained’
by mu1t1ply1ng the actual peak hewght by the peak width at
hq]f height. Th1s method is the most popular and s1mp1est

for measuring peak area. . oy

In, the first‘method'the area gained between the tép'éf
the peak and the 1ntersect1ng tangents is regarded as an
approximate compensat1on for. the area lost at the base.~

imation of the proper positlonlng of the tangents qnqwof
théir point of intersection is rather subjective. The

second method always underestimates the size of the peak,
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v

" FIGURE (9) : Area Evaluation Under a Chromatographic Peak

by Triangulation, =

5 R +
, -
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but it has the advantage of removing the subjective element

enco?ntered in the first method [53].

: Other‘metpods for estimation of peak area are by ;

planimetry, mechan;:il/;ntegration, and electronic integration.
The electronic mea: ofaevaluating a peak area are faster,
but not necessarily more accurate than the trianéu]ation

method.
i.11 DETECTORS

The purpose of a detector is to produce a response

‘ .
signal which is proportional to the coneentration (or amount)
of compound passing through it,
A vaﬁiety of detection systems may be. applied for the
analysis of organophophdrus and organochlorine pesticides.

Their sensitivity and selectiwity parameters are 1fsted\in

Table (5) [10].

Y
. ! N~

1
B

Two types of detectors, electron capture (ECD) and flame
ionization (FID), were used to quantitate the amount of

pesticide in this thesis.



TABLE (5) -+ GC Qetection Systems Suitable for

-DETECTION
SYSTEM

Flame Ionization.

ETectron Capture

Flame PHotometric
Microcbulométric
Electrolytic

Conductivity

.

Ordanophosphorus and Organochlorine

" Pesticides..

RESPONDING
ELEMENT

E)

. ~C-H

" halogén,

P,S
halogen,S,P
halogen,S,N

R L I
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 APPROXIMATE MINIMUM DETEé;IBILITY
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J1.17.1 FLAME 'IONIZATION DETECTOR (FID) - S

The flame ionization deteétor is shown schematically in

»

F%gure (10).

Amplilier

PN
R Colkqor -leclroch.. :

‘ " Flame

)‘mw Chart recorder

'FIGURE (10) : Schematic Diagram of the Flame Ionization

.- Detector (FID).

, Anodi Power supply Recorder
and

Amplifier : [ ;

- . Ni® o Tritium r_,_ Purge/Quench gas
. Column

effluent .

+

FIGURE (11) Schematic;Diagram of the Electron;Cabture

~

Detector (ECD).

N Il
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* The operating Prinqip1? of the .flame ionization detector
is based on the observation that when organic compounds a;e |
burned in a hydrogen_and air flame, ioﬁs are produced. A
number of mechanisms have been suggested to describe the
process ocdugriﬁg with the flame, and the qe} résult may be

}
t

summarized in equation (33).

ofganic + H2 + 02——4—9C02 + H20 + [i0n53+ + [ions] =+ €.

Tﬁe sum Qi\Efeselnégative ions yields a current flow. Th
ions ;re”c011é;ted by apair of polarized electrodes insi
‘the detector and the current produced is amplified before
being passed~to a recPrder. In this way t@g’sample
components are detected and displayed as 'peaks' on the
recorder chart. |

The FID is a sensitive detector. It has af]inearr

response range.of 10—ggm/sec‘to 10—3gm/sec, and it is

comparatively cheap [63]. . “~o

ha

~— -

fhe FID responds to all organic,substances with the

exception of form1c>acidz formaldehyde and fofmamide; and it
does not respond to specieé like helium, hydrogen, oxygen,

carbon dioxide and water. . The FID is, therefore, selective

and this feature is often very useful. For example, water or

carbon disulphide may be uséd'as a solvent .and the resulting.

chromatogram will not be complicated by a large solvent peak.
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“ influences the response of the detector.

59
However, water may have a quenching effect on the detector

response and care must be exercised when using aqueous samples,

., The use of varying column temperatures introduce Eeﬁtain
complications as far as the %ID response is concerned. As thé
temperature of the column is increased, the vapour pressuré éf
the stationary phase increases and an increasing‘amount of
stationary phase 'bleed' will occur.‘ When the 'bleed' level
reaches a significant COnCent}ation a drift away from the
recorder baseline‘w111 occur. Th{s prob]ém is normally
minimized by thé usé of a compensation system'using a reference
column/detector. The reference qoiumn should be identical to
the analysis column so tﬁat bpth,co1umns have similar |
stationary 5hase bleed characteristics. The‘e1ectrica1 s{gnaT
from the reference detector is \subtracted from that generg@ed
by the other detector and in thils way the effect of columh(

bleed is minimized.

The internal diameter of the metal
The smaller the

response from the

electrode the greater the response obtained. Figure (10)..
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1.11,2 ELECTRON CAPTURE DETECTOR (ECD).

]
o [
I

- This detector is essentially an ionization chamber, It
-operates on the principle that the .conductivity of gases in

such a chamber can be markedly altered by the presence of a
. x ' g
contaminating gas (soluté) [54].

The functional mechanism of the ECD is based on the

reduction of an electron current flow due to the removal of

[

free electrons from the system by sample components eluted .

from a gas chromatographic column [66].

’

Y

' & s
. The schematic diagram in Figure (11) illustrates the

N

current flow and ion source. With only purge gas (no sample)

in the system, an average background current of 10'8'to 10_9

- amps flows across thg cell. This current i§ produced by
e]e@trons p%esent in the cell, which are derived from two

sources.

H

(a) Priméryle1ECtrons or beta-particles (high energy.
electrons) are‘emitted by the nickel 63 at a rate of about-

]O9 beta-particles per second, which is equivalent to about

9

1077 amps [66].

(b) Secondary electrons are formed by the collisions |

-

, : y ‘
between prTmaryuflectrans and molecules of the carrier’ gas.
- ) '

In the latter cage, an additional electron and a positive

N a

€
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f “ 8 ' .
ion are produced. Vhen an electron capturing component 1is
introduced into the cell it captures the 1ow‘energy\free

. electron to form negative molecular ions or neutral radicals.

9 L}

AL
B /

e” + AB —— AB  + ener%? 1 : " (34)
J -

A , . M . : " !
‘e” + AB — A® + B° -’energy_ _ (3&)'

o (‘A
Vhe net result.is removal of electrons from the system and -

product1on of negative ions having a fa greater mass. These

/ /
‘ ions wjll combine with positive ionj/(g%g., positive .nitrogen
. | .

molecule in the case of nitrogen darrief gas) and will be

]

)
.- .
i 3

purged from the cell as neutral complexes.
W ' i i T~y

'
1

!

When a potential is applied tb the cell, essentially all

4

the free electrons are collected ait the anode. However, at
i

1east one electron is captured for\every mo]ecu]e of electron-

caotur1nq substance that passes throuqh the cell. This loss

4

of electrons results in a correspoqd1ng decrease in cell

‘current which, after amplificationl is'presented on the

P

recorder. The decrease in current!'is proportional to the

quantity of electron capturing samb]e introdueed.
s . //’ s N
i .
\ The potential across the cell'is applied in a pulse~mode.

The pulse technique is used’primarily towéggablish thermal
equilibrium between the free electrons and the gas molecules

in the cell chamber. This is achieved by applying a potential
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acFoss thé cell for|a small fraction’of the total operating

time. As 15%1cated in Flgure (12), the actual pulse of +50
. o , A

volts las{s but e;fr ction of a microsecond (w=0.5 usec in

this case): The amfint of time the pgientia] is applied can

[ .
be increased by decreasing the interval between pulses.

+

on, the electron concentration varies in
\

Figure (12)) , When the pulse %s applied,"

During pulsed operat
- .
a saw-tooth faghidﬁ (

the electrons are colllected at the anode and the}r concentr-
ation dropsurapidly th zero (atf100 and 200 usec in Figure

(12))f' Du ing the in erva] between pu]ses, the concentrat1on
gradua]]y by*ﬁds up as§ beta- part1c1es are em1tted from the

magn]tude of electron concentratwon

A}

nyskel 63 source. Th

_then depends on the pu]se interval,. and as the interval

> .
de;reases, 'sp does the detector sensitivity. “*The col]ection

of electrons at each pulse constitutes a currenﬁ flow,
reach1ng the anode before the pu]se terminates. The large

Consequent]y their coﬁtribut1on tp.pe11 current is negligible

[26]. . - T R )
: - "

The sens1t1v1ty of the ECD is teduced when there is v

samo]e overloadlng of the “cell, Tee 1ntroduct1on of too much

sample can happen very easily when working with the 'ECD, due to
its extreme sen31t1v1ty to certa#% types of compounds Since

i

compound, carefu[ Judg&hEnt is requ1red of the operatgr as

response varles w1de1y, depend1ng on the nature of the

¢

. ’ )
/ il » /’ \
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# to the apﬁﬁepriate amount of sample that should be used for %&

63

any, particular analysis. ‘ A

(")

VOLTS

P=100 - /
100 ) + 200 - . ; . {
» TIME (u sec) l

°

M -
8 , I 3

FIGURE .(12) : Electron Concentration,[e-], in ECD

RS During\if]sing (w = 0.5 psec). £ ' )
N . ' v \'\/ . « )
\ ' ! )

"In th'e work reported in this thesis care was taken to o

lensuré that the co?rect amodni of samp]é w;s chosen:for Ecﬂ
anq1y§is: However, the column 1iqujd phase (OVQ]) interfered
with the ECD operations, and pf%y?ﬁia significant ro]e’in_r
determing the shqbes of thermograﬁs shown in, Appendix (I).
Since the columns are heated and a carrier gas‘gldwsrtﬁrough
them‘dUﬁing GCopera;fons,a‘certJin amount of liquid phase
bleed is inevitable. o y

If the ECD hQﬁpeﬁg;to respond well to the b]eedipg

e A, * * '
1iquid’phase, thisgeffect becomes ugpesinab]e. A high backf . .
ground sighal will result, causing Toss of sensitivity dpe"{o oy

< ;o N )

., \ v
-
| . , : . . ~N
1 ‘ < . L) . ‘ N
- - . . "
. o N . .
N . .
.
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cell overloading and random driff wi]] develop because‘of
varying bleed rate.  Suypstrates. such QS‘the Carbowaxes and
PDMS will cause such problems, Genéré]]y, th; Tower the'
liquid loading, the lower tRE\b]eed‘rate [67]; E )
Y o . ,
Pellizzari [66] in his discussion of parameters affecting
ECD warned of the déngerirof 1iquid phase biged. Qf
significance to this project is'the fact that the problem of

bleeding is magnified as the column temperature is increased.

_Therefore, a depletion of thermal ejectrons occurs at higher

temperatures which Towers the probability of electron N

“_attachment reaction between eTectraons and the solute mo]ecu1e§'

&I 1nteresq At a specific detector temberaturé the o
oy

concentration of electrons is constant and a straight recorder

baseline is indicative of this. -

/

Devaux et al [69] and others.[79] in a study of varioud
barameters of ECD tried to accommodate the column Bblted effect

into the*Lovelﬁgk equat'ibnt The base currenf (or - standing-

Y

I ‘.
current )y IO, is the current observed when a flow of pure
Y '5

0 » . \ o .
carrier gas is passed through the detector. When there is a o

concentration, C, of a compound with some electron affinity

/ L

passing through the detector it gives a current or signal Is :%

smaller thaw‘IO. /The Hifferénqe fé— I is the détectort

response. Lovelock has shown _that the signal is given by

- . ’ ’ ~ - v ! ’ ¥ . N £ 4
equation (36). . ‘ . > , R o
1 w ' v K3 A

~
u

: re ek B



where ky and ¢, k2 and c, are the coefficients of eléctronic;

PN
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where k is the coefficient of electronic adsorption. The .
response of the detector is given by equation (37).
» ’ i ‘ 0‘ ()\ . -
- _ . - , , ~*
; ¢ . _ ':k'C P . )
I-1 = 1_0(1-e b - (37) -
It varies ]inear]?’with C when C is small. Thérefore, the \‘
approximation 'in equation (38) can be made. ] o X *\\ .
) 1- ek a e ' ' (38)
» ,%‘ .
Equation (37) then reduces to equation (39). '
, . , .
- ' 8 ' L '
- = «C . ! e
‘ Io| I k- C IO . - (39)
3 a ) a
\ . b g\ ~‘ . ’ “
kI, is the response factor of %he detector in the linear
range. - ) /
% T
When bleeding occurs equation (37) can be written ‘as
equation (40). /
=1 [r-e ki€ * kprep)y - (40)"

AN '

3

:adsorptiqq and'the concentrations of .‘the bleeding 1i§uid

.phase and 'solute, respectively. ' If the concentrations are A

small, equation (39? reduces t6 eqﬂation (41).

Lo ' ¢
:

‘ H -
Lo

o I U |
l‘\‘
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n

L. Io— I Io(kl-c] + kz'tz) " (41)

The response factor, anO, can be derived from peak height

“or area data. kn represent‘the coefficient of electronic

adsorptivity for component n.

Devaux et al stated that the rate of phase bleeding
increases exponeﬁtial]y with column. temperature., The authors
eTPhaﬁized that'bleeding-decreases the perfogwance of columns.
Becayse it ds necessary to work at condﬁtions;wﬁé}e the life

of the column is reasonable long, the bleeding rate must-be

t

' kept exceptionally small. The upper permissible temperature

‘may depend largely on,thé application studied. Even at small

bleeding rates fhere is a large decrease in the base]inef

/

current and, consequently, a dramatic loss of sensitivity, if
the liquid phase vapour or'pyro]ysis proHucts of the.]iquid

phase have a large electronic affinity. ®

Knejéi‘et al [71] stdted that every liquid phase has a

.. .
. certain Vapour'pressure/ai—a—given column temperature. The

temperature limit for usa\gj,%ﬁe phase in the case of an ECD

is far lower than that for other detéctors. They recomménded,'

inlgenera], a maximum working temperature of 210 deg C for

N

Ec‘z and 350 deg C for FID, . : :

*
é:;" A -

Devaux et al [69] in a study of liquid phase bleed

' . L]
efflects on ECD showed that the order of bleed for eight

51
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-phases was Di—n{gecylphtha]ate > Tri.2,4-xy1eﬁy1phqsbha§e 0
Squalane > Carbowsk > Apiezon L > Polyethylene g]ycq] ‘
succinate > SE-E? slicone. gum > SE:BO silicone gum. The
nonpolar phases, SE-30, Apiezon L, and Sqda]ane, cause 6n1y

a small current reduction because of bleeding, most probabfy,
because the bfeeding vapours have a ﬂow coefficient of
e]ectro%%c adsorption. The sensitivity of the ECD was °
compared witﬁ the sensitivity af the FID under the saﬁe

f onditions (i.e., same column temperature, and flow of
/Carrier gas). A plot of e]ecfron capture detector current
reduct{onerriys FID signa]l}br the above eight liquid
phases showed a strong dependence on the elettron aff%nity
of the phases. Tge plot showed that the siTicone haﬁ the
“lowest e]ectrpn>capturing capability. of the phéses tested

and the highest resbonse to FID.

4 ) § LA . - \

.
”

T~—_1In a study‘by'Simmonds et al [64], it was found |that

the liquid phase bleeding effect on ECD may be s&bstantia11y

. \
decreased for some phases by increasing the detector

temperaturié This is partich]ar]y tfue for non-polar|phases

‘such as the PDMS and Apiezon L. In the case of 3% JX Ed
silicone phase, a 40% increase in the base current was
3 X . ’
observed in raising the detector temperature from 200 to
.. N ! e
350 deg C.
=
! kY
: %
N
. - / 2y a

L
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1.12 GLC_OF ORGANOPHOSPHORUS PESTICIDES -

Bevenue t],] four{d that of aill the {C;hromosorb W éupports,
the HP g’r‘ade, gave the best results both in terms of peak
symmetry and lower detectable Timits for organo-phosphorus .
pestiéides, The Chromosor'b P supports proved to be
unsuitable with the pesticides use‘d (Matlathion, Paraoxon,
Malaoxon and Methyl Parathion‘). The pémor résponsé of
Chromosorb P was_ attributed to the greater adsorption
properties of the support. Chromosorb P has a greater surface i
area per unit volume (rat‘io of about 3;1) over Chromosorb W.
Kawahara et al [72] were unable to chromatograp.h Methy1l and
Ethyl Parathion 'at a column temperature of 195 deg C on
Chﬁromo,sor'b P-NAW. Using the silicone 1iquid phase QF-~1 on
Aeropak 30 (a diatomaceous earth éupport), it was found that
once a temperature of '200 deg C was reached in the column, R
the ther:ma] stabitity of "the column changed [72]. Malathion, ‘
_at 200 deg C, 'onvthiS'column, gave erratid results. It was
suggésted that Malathion ca-n start.to decon]pose at temper-
atures as low as 150 deg C depending on the Eeactivity of
the support surfaée. It was concluded that the variation '
1'_n the respdnsg of the organophosphorus pesticides with the
supports gave evidence that some form of interaction of the
comp‘ounds with the support was taking p-lace. Apparggtly, 8
the more reactive the support the lower the -temperature’of ‘

decomposition of organophosphorus pesticides.

-
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Gunther and Jaglan [73] found that Teflon is a super{or
support for gas chromatographic analysis of organophosphorus
-peéticides with Tow (2-5%) liquid phase loaded columns. Egan
[74] and others/[80]-reported that stainless steel columns
.give higher recovery of organophosphorus pesticides than most

Other metal columns (copper, aluminum, nickel, etc).

éeroza and Bowman [5%] found that with Tightly Toaded
columns (1ess than 4% 1iquid phase), the adsorpt1on of
compounds on tﬁg supports became especially critical.
Relative retention times of organophosphorus pestigidesé’
have been observed to be higher on low—16aded columns thaf
on high-loaded columns (e.g:, 3% Ap;ezon L on Gas-Chroﬁ Q,
compared to 12%). This was explained as being probably due
to adsorption effects. | ¢

Bevenue et al [76] c;ncludea from their work that

Chromosorb G-NAW, Gas-Chrom Q, and Ch;omosorb W-HP were

| among the best supports for Ma]athion,.Parathion and
Malaoxon. [Ines aﬁd Guiffrida [77] improved non-polar-coelumns
for analyses of organophosphorus pesticides by adding a pplar

phase to the non-polar 1iquid'phase;

“Lindgren et al [36] coated fas Chrom Q with 1% 0V-101
and found that organophosphorus pesticides tailed bad]y on
this column. These authors abserved increased relative

retention values as the amount of sample used was decreased,
o
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The severe tai]ing of the; pelaks indicated strong adsorption
to the support material, 'as could be expected for a polar*
solute on a low«ioaded,.non-po]ar stationary phase [78]. The
prolonged: retent {on oBserved with decr"easin)g amount of sample
may be an indication of a convex adsorption' isotherm applying

to the support. Common means of saturating.active sites,

such as injection of large amounts of the chpoﬁent itself
or of silylating agents, did not improve the results,
Chromosorb G showed similar resu‘1t$ toI Gas Chrom Q. Chromo-
sorb W-HP was the least adsorptive diatomaceous earth. ~
Lindgren et al found that co]ﬁmns coated with 1% 0V-1; as thé
static;nary phase on qiatoméceous supports were inferior to-
those coated with 1% 0V-101. The explanation given for this
inferiority was that there is a higher lmolec'ular di‘ffusion

of the solute molecule #nto the more viscous Ov-f] and hence

there ‘is a greater possibility for ‘intera,ct'*ion wi‘th the

'support material. Such differences in molecular diffusion

have been observed [79] for the *two silicone phases SE-30

and 5F-96, which are similar to OV-1 and 0V-101 s respectivelyt

4 N . \
.
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3

The effect of column temperature and nature of support
on pegk area response for three organophosphorus)~ (Disys'ton,
Phorate and Malathion) and one organochlorin f((Lindane) )
pesticides were studied. Foéurteen different supports
man‘ufa.ctured) b'y Johns Manville were. individually coated with
3.5% (W/W) of 0V=1 Tliguid ﬁhase. In the case of the organo-
‘phospho;‘us pesticides, the tgmperafure range studied vfith
egch column was from 130 to 230 deg C at 10 deg C inter:vamls.‘
Only th.e Chromos_orb W-HP support coated w1:th 3.5% 0V-17 was
used to study Lindane. .

In order to obtain comparative data of all supports,- ;:he
GLG parameters were held constant, and only the support
materials and the temperature of the columns were varied..

Lindane was investigated under condition; different from

those for the organophosphorus pesticides. .

The three organophosphorus pesticides were studied as a
solution in benzene solvent. Lindane was studied in hexane
‘so].ution.‘ ) . ) I

A1l of the columns were studied ,on‘a.$himadzu' Gas
Chromatograph, Series_GC—GAM, using an electron capture
detectar ({ECD), operated in the single column mode. The
dual column flame ionization detector syst?em of the Shimadzu
was used to study Lindane and the organophosphor‘u's compounds‘

on Chromosorb WN-HP support.

, ‘4 \

e I



-with the ECD and FID dletec,tor systems.

_Qith 3.5% (W/W) 0OV-1 liquid phase were found to give the '

best i*eso]ut'ion in the column temperature range of 130 to

Most of the columns made for study of organophosphorus
compounds were investigated with the flame ionization
de.tector (FID) system c;f the F & M Scientif-ﬂ: Research .Gas

Chromatograph, Series 5750,

A1l of the gases used were manufactured.by Union
Carbide. The carrier ga.s available for the Shimadzu.
instrument (nitroéen) was by c.hance of a higher purity (less
than 10 ppm oxygen) fhan‘the carrier gas for the F & M unit

(greater than 10 ppm oxygen).

2.1.0 PRELIMINARY TESTS

~

Before the comparative study of the supports and temp-
erature effects was undertaken, the optimum column parameters

were determined as well as the optimum condifions for use I

2.1.1 COLUMN PARAMETERS S : ;
for the three organmophosphorus pesticides, 8 ft x 1/8"

o.d. stainless steel columns packed with supports coated )

J

230 deg C which needed to be studied. This low loading of
]'iquid phase, 3.5% (W/W), was subsequently coated on each of
. %

the 14 different supports investigated. The purpose of

’
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2,1.2 PARAMETERS ESTABLISHED FOR USE WITH THE FID

’ | ' " 74

maintaining low loading was to reduce retention times of the

compaunds studied and to magnify any adsorption effects of

&
the support. Low Toaded columns are also popularly used in

most GLC work today. The use of a dual column system to
minimize bleeding effects was found to be desirable., Finally,
the optimum carrier gas (nitrogen) flow rate was found to be

60 m1/min.

The combustion gas flow rates for the FID detector were
oph'mized to maximize the detector response. At an air flow
of 400 ml/minute (34 psig), opt%mum response was obtained at
, ( v

a hydrogen gas flow rate of 28 ml/minute. (16 psig).

| ]
5 To ensure rapid vaporization of the pesticides wupon
f ) »
{‘njection into the GC, an injection port temperature of 269

;deg C was used. A detector temperature of 260 deg C was aiso

" used. These temperatures satisfied the requirement that the

injection port and detector temperatures be 25 to 30 deg C

highe'r than the maximum column temperature to be used (230

1

deg C) so as to prevent condensation of the samples [19].

A volume of 2 microlitres (u1) of sample solution containing

6.20 microgram Disystan, 3.5 microgram Phorate and 11.86
microgram Malathion was chpsen fori injection into the columns,
A1l test samples were analytical grade (> 99% purity) and

were obtained from Pplys;jenc'e Corpo ration. The solvent
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\
used ﬁor preparation of these pesticide solutions was
pe;ticide grade bgnzene‘ A greater volume was not used in
order to avoid too rapid a build-up og carbon deposit on the
ldetector‘burner electrode. This. carbon build-up causes a
decrease in response and also causes‘sﬁikes‘ in the chroma-
‘togram. The source‘of'fhe carbon was the solvent benzene,
A sensitivity.attenaation of 4 x 403 was chosen because*it
was the highest sens%tivity that still gave a stréight
recorder baseline, WQen a higher. sensitivity was'used,‘&
‘baseline‘drift occurred, A‘khart speed of one inch per.
minute Wa§ ideal for peak area calculations, eipec{ally at
the Tower temperatures where a slower chart speed sometime§
gave peaks indistinguishable from the baseline. At thg same®
time, .a faster chart speed give narrower peaks that were
v

difficult to.evaluate by triangulation, especially at higher

column temperatures.

t

< 2.1.3 PARAMETERS FOR USE WITH THE ECD

)
! »~ Y
I . i .

'Aﬂmost the same conditions were used for the ECD as for
the FID. One ba%ic difference was that the FID was used %iﬁh
dual columns whereas the ECD was ﬁsed in the s{ngle column

_mode. This meant that b1ééding of the columns was observeq'
in the ECD tests,but was'largely cance]}ed put in the FID
tests. Another difference Qa; Jﬁat EbD was much more +
sensitivé than the FID, Therefére, a two microlitre solution

containing/23.26«ﬁanogram (ng) Disyston, 8.76 nanogram {(ng)

-—--—-—v.‘-~« R LT 3 w4 b . gty
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~ .‘ ) * J \‘\\ .
Phorate and 11.86 nanogvanm {ng) Malathion in benzene was

sufficient sample concentration for ECD tests.

~s
. ~

- -

N .

A 1ist of the columns tested in this thesis is given in

Table (6). The experimental conditions used with the FID
~ ( ! T , ,
and ECD detectors are summarized in Tables, (7) and (8), Y

¢
- *

i

Further on jn'this .thedis réference wi11 be made to

A 3

specific columns by means of the number appearing._in the
first column ?% Table (6). Experimentaﬁ conditions for each

run were as given in Table (7) and (8)-unless otherwise

L
¥ '
N I

specified.
g . ‘ :"
2.2.0 COMPOUNDS ANALYZED . ~ '
. x /
Dadta for the organophosphorus pesﬂ#}jdes;was given in
N

Sections 2.1.2 and 2.1,3 of this chapter.

e 2 «¥ .

& ¢ !w% N / N X P

. . Vo \ .
Lindane solution was -prepared in a concentration of
five microgramsper microlitre of’ pesticide grade hexane,

This so]q;ion~wa5\gged for FID tests. A solution containing

‘one nanogram Lindane per microlitre of hexane was used’ for

»

‘:‘ .
the ESP study.

r* -o'
The experimental conditions for Lindane tests are given
in Tables (9) and (10). ‘ v g
7{_‘ N % -
. . 7
) . : -

Y
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PARAMETERS
"

Column

CoNumn Tempera

+Carrier gasr~
Flow rate_
Hydroéen Gas F
Air Flow

- Detecto} Teﬁpe
ijection Port
Aﬁténuation*

Injection Type

Sample

Recorder Chart

Chromatograph

‘

* --> Sensitiv

T-6LC Experimenta Conditions for

Organbphosphorus Pesticides Analyzed

With a'Flame Ionization Detector «(FID),

—

CONDITIONS'
' ! . hY .’ r
RN Dua1'8 ft\x l/qi Stajn]es? Steel ~
with 3.5% 0V-1 on 80/100 mesh
support'materiql. '
ture ‘T30 to 230 deQ;C isotherma]]j ét

10 deg intervals
pNitrogeﬁ for all the columns

60 ml/minute -

1Bw “~a 16 ﬁsié (28 m1/minute) ,
34 psig (400 m}/minute)
rature 260 deg C ° -
Temp. 260 deg C *
- 4 x 10°

10 pul (microlitre) syringe onto
%nsert 1i:er (metal)-
2 ul containing 6.20 ug Disyston,
3.50 ug Phorate and)]].86aug
Mglathion in benzene

Speed _ 1'1nch/minyte : \

- . F and M Scientific Research

Instruﬁent (by Hewlett Packard),
Series 5750 :

ity

LY
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TABLE (8) * :

Organophdsphorus Pesticides "Analyzed

¢ % ‘ ot , ) ‘ 7 .

GLC Experimental Conditions for

, With Electron Capture Detec¥or (ECD).

PARAMETERS

L]

Column -

Column Témpera

Vv

Carrier Gas-

Flow Rate

Detector Tempe

Injection Port

"Attenuvation*

{‘.'
Pulse ;

Injection Type®

~

Chart Speed

Sqmp]e

Chromatograph

*--> Sensitivi

3

CONDITIONS '

-

Single 8 ft x 1/8" StainlLess Stee]

w1th 3.5% OV 1 on 80/100 mesh

A ;hpport (same columns used as in
éFID tests) - -
ture ‘ 130 to 230 deg C isothermally
VK Yt 10 deg C intervals

} . -
—_ Nitrogen for all the co]umns‘except

Chromosorb T04 and Ultra Bond.
20m which were done with he]iuh

60 m1s/mi§yte

rature " 260 deg C
™~ o “ S
Temp. 260 deg C : vt
16 x 102 . -+ Y

; 20 microsecond
10wl syrjnge onto insert liner
(glass)
1 incﬁ/minpte . .
‘ :2 ul containing 23.26 ng‘Disystoﬁ,
8.76 nd’Pho;ate and 11,86 ng
v Malathion in benzene )

Shimadzu Series 6-AM

ty”
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TABLE (3)

- PARAMETERS

Column
Column Temperature
Carrier Gas and'Flow Rate
Deteétor\Temperature .
Injectiqn»Port Temp.
Air Flow: |

“* t

"Hydrogen Flow 2,

Attenuation (Sensitivity)

Carrier Gas and Flow
Detector T§mperature
Injgction’Port Temp.‘
Pulse’

Attenuation (Sensit%vi}y)

Sample

Chromatograph

Lindane with an FID Detector.:

" CONDBJIIONS

J

80

,GLC Experimental Conditions for.Analysis of

Chromosorb W-HP
150 to 240 deg C
Nitroden at- 35.2 m]/m%n.
270 deg C ’ '
270 deg C

680 ml/min.

70 m1/min.

4 x 1027 .

Sample - ‘ 5 ul hexane cbntainiﬁg 25 ug

b ) Lifhdane .
.1Chaét.Spéé&' N 1 cm/m{n.‘ o
Chromatograph - Shimadzu, Series 6-AM -
oLt

-TABLE (1053 GLC Experimental Cond1t1ons for— Anaﬂysvyﬂyf*—_~A—A4~%—~fr
v o Lindane With-an ECD Detector |

PARAMETERS | CONDITLONS

Co]uﬁn Chromosorb W-HP ‘ —

¢%1umn Temperétu?e ,’ .. 150 to 250 deg b'/%

Nitrogen at 40.7 m1/min.
310 deq €
310, deg C ~

© 20_ microsecond

4 x 108 -

5 ul hexane fontaining 5 ng
Lindane

Shimadzu, Serigs Q-AM
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2.3.0 SUPPORT MATERIALS
¥

W

Columns were prepared from fourteen different sufbport

_ mat'erl'a}'s manufactured by Johns Manville, (second column of

.Table (6)). A1l the‘sdpports‘ were of the same particle size,
o ' N Y . ' , . .
80/100 mesh (0.177 mm to 0.149 nim), so as not to introduce

~

another variable into the support study.

. »
’

2.4.0 LTQUID PHASES

-~

The silicone)liquid phases 0V-1 ard 0V-17 were used in

’

the project. A11 the columns prepared were coated with

3.5% (W/W) 9V—1 with the exception of "‘column number seventeen

(Table (6)) which was coated with 3.56% (W/W) 0V-17 and used

for the study of Lindane.

»

8 o

'2.5.0° PREPARATION 0F 'COLUMI PACKINGS:

»>

The gene?a? requirements which need to be satisfied,

-

regardless of the procedure u‘se‘c'i for making the packing, are

the followina [19] .

>

{ ¢
(&) Uniform distribution of the 1iquid phasé on the -

surface of the part'icles must be assured. ' .

?
»

Sy 3 < . -

(b) Breéka.ge of-the support particles must be ayoided.

4

4

This is especially critical with Chromosorb ¥'s which are the

°
’
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then. active sites on *the support will be exposed and will

o - o L 82

least friable (.resf‘stant_; to‘breakdc.)’wn) of the supports usedg

in this project (Table (2), Chapter 1)." If the liquid phase

is not distributed unifdrmly over %he surface of the parti‘cles

.

N .

cause, severe adsorption of the solute. This adsorption ig .

.indicated by -taif'i'ng pleaks.‘ I[f'the coated partic]es‘are

. N A . N ¢ *
broken during pnacking, active sites. become exposed to the

3
solutes tested and adsorption and tailing occur.
» 5 - ‘r
(c) Oxjdation and loss of the packing must be minimized.
N

- Taking the above precautidms into account, the

evaporative method was used to prepare all the' columns
listed in Table (6).

¥

For preparation of 10 drams of support, 0.35 gram'mc
¢ - o 4 .

1s]ow1_y, with delicate stirring. The mixture was.allowed to

*OV-’l (or 0%-17 as the case may be) was dissolved .in 120 mls

of‘to"luene with_stirﬁing,’ at robom temperature, overnight. ,

To the 0V-1 solution was added the 10 grams of support,

-

stand at room temperature for ten minutes with intermittent

stirring. . The beaker :on.taim'ng.the rv]ixtu‘r‘e was placed on

a warm hot plate (about 60 deg C) under a stream of nLthen

gas so as to .remove the toluene by evaporation. During

-

removal of the-toluene the beaker was swirled so as to

‘maintain uniform coverage of fhe par‘tic]es,,& Affser' the

solvent had been removed alﬁd the particles became free

-

. \~_-

—

“
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flowing, the cortent of thé beaker was gently poured into a
Pey large watch ‘glass, spread out, and Teft oigpnfg’rlt to remove

r any traces of solvent. ‘The-weight’of‘ the coated packing was

A

"then recordéd,

vy s
f
L

»
- 0~ N

.. An 8 ft X 1/8" o. d stain]ess steel tub]ng was then cut,

p]ugged at one end with s11an1zed glass woo] and packed with

' “ ‘_L .

- © -the prepared pack1ng _.A,Dumng the packing of the co]umn,‘
{ tapp1ng the s1des of the column was necessary in order.to

make_the p‘artfc]es sett]e éompact]y without leaving .any

¢

s'pae-es. The weight of the packlng placed in the co]umn was

N r

recorded (Column (4) Tab]e (6))., The open end of the column

v

was bTugged with silanized g]a.ss.woo1 . The column was then
fitttec; witf{ ferrules and p]a'ced in the F & M Gas Chroma-
tograph oven and conditioned overnight at 270 deg C w1"/5ch

"o carrier ga"s' (nitrogen)l flowing through at e rate of 60 mls

per minute. After conditioninq for'more than 24 hours, the

ca,]umn was ready for testing a,nder the conditions 11sted in
b

- Tab]es (7) or (8). ,
| Co K ) . .
) 2.6.0 TYPICAL CHROMATOGRAPHIC RUN a -

.\\ \\ ) :

- : In this thesis, a run represents 5 temperature study of

a co]urﬁn, s‘tarti‘ng at\a co]q}n temperature of 130 deg C,

which was increased at 10 deg C intervals to 230 deg C. A \
¥

total of eleven temper‘atures_were st“udied in each run. A

run had to be completed on the same day and it took about

. . (
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-

o E,C'/D detectors, respectiveyy:' The same amount of sample was
s ' .

»
(
.
.

- A | S e

10 hours. The chromatographic conditions at the beginning

and end-of each run had to be the same SO as to obtain:

»

repi’r%ddciMe results, Only the temperfature of the column

¢

[ Y

o

was changed. o . ' .

. .

- . s
At each temperature “in a run (130 to 230 deg C) two

\

microlitres of sémp]e,w re injected for tests with both ECD
S , .

‘and FID detectors. Table (7) \an‘d (g) 1ist the concentr‘ations‘
N ‘

of t,‘]e\thr‘ee organophdsphorus pesticides used with FID and

,/ihjec’c'ed at each temperatdre. Repeated injections were |made

at each temperature until the chromatographic peak heights

for three successive injections were the same, This

indicated that priming and/or adsorptive effects had becon@_’ .

constant and the peak heights or areas could be used for

quantitative interpretations. Before the first injection
‘ . ‘ ? .o ,
was made at 130 deg C, the instrument was stabilized for at

least three hours 'to obtain a straight baseline, Instrument

.~ .

destabilization was indicated by 'ran:dom drift of'the

R
recorder baseline.

When the column temperature was raised to the mext

higher tgmpe'ratilre (an increment of 10 deg C) to be studied,

about ‘ten minutes-were required for the instrument to be

re-stabilized when a dual column system (FID) was ﬁsed. With-

o
the sing‘”e\co]umn ECD system, bleeding of the column 1Tiguid

phase caused the r-ecorder baseline to'drift up Scale for a

¢



pro]onged'period of time (more'thah'ah hour], In these cases

. /

the base11ne was brought back to the original zero pos1t1on
with the zero1ng control of the recorder. ‘In cases where

4\ '
Ma]aghlon was not cnpm]ete]y adsorbed -three chromatographic

- peaks were eluted per injection:,. S1nce, on the average, four

injections were made at each temperature,. this gave an
average of twelve respoyse peaks at each temperafure, lead-

ing'to 132 peaks which had ,to be evaluated'for each run

carried out. : #* ’ -

) B L N
’, v 4

For each column listed in Tab]e'(g), at least duplicate
- : ‘ » - ,
‘runs were carried out with the ECD detector. Some, but not

a]] the co]umns were tested with the FID detectoty, i.e., >
CG AW ,CG- HP CP-AW,CP- Aw DMCS C-104 and Uttra-bond 20m
co]umns were not tested us1ng FID detect1on

<., 7 1

¢ o

2.7.0 INTERPRETATION OF PEAK SHAPES - o
-

-

On the seventeeh columns eva]uaJed, three different kinds

o

of peak shapes were observed (Figuhe (13)). There were peaks ;o

that-were a1most'symmetrica1 (jie.,.on CG-NAW) and whose
areas werg’Ealculated using the'isosce]es triangulation

method de;cribed in .the introduction (Figure (ﬁ?), Chapter 1).
There yere peaks that had a sharp front and a diffuse‘tai1i

4

(Figure (13A)) .. The area of these peak§4was evaluated by

L]

droppjng a perpendicular from the vehtex of the peak to the

baseTine of the’peak, and then using the resulting two right
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tr*-l'an'gles to detef'mine the area, The third kind 'of'peaks had
diffuse fronts and even more diffuse ta1'ls (Flgure 138)) .
The area of these peaks was evaluated in the same way as

?

'for' the peaks in F1gure (134). .

e

"
The assump‘mon was made that the peak area was. {"
‘pr‘oportwna] to tl!le concentration of solute [53,54]7, Th1s
means, the ‘higher the’area the more solute that had been
eluted and the less .axdsorpt’ion that took place on the —
cotumn. Using this Trgument, a more adsorptive column would
gene:aﬂy‘give’a smaller peak area than a less adsorptive '

column,

2.8.0 THERMOGRAMS , e

When the average area ‘for each component Iat each'column

temperatuhe was evaluated and a plot of average peak area i

T Versus tempe“rature ‘was made, a thermogramr was pr‘oducedl. A
thermogram indic?t"es the response of the column in the
column temperature r‘a:ng‘e studied. "The smaller thé_aréa under
the ther’mpgram' the gre/ater the adsorptive .effects’, -or the
bleeding of 1liquid® phase, or ‘the priming of the support, or
the ox dati_on'c'nf the 1»1'qu1'd phase, etc,, and vife versa. In

. fhis thesis, thermograms were obtsjned unde.r cond- tions

given in Tables(7) and (8) for experiments using the ECD and

FID detectqrs, respectively .

o s 1 s ooting
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3.1.0 OBSERVATIONS AND RESULTS S

¢
. 2 -

The responses obtained in the study oﬁffﬁe founr,
pesticides by GLC are discussed in terms of the thermogramsi
for each column tested anJ in terms of a comuar1son of the

peak areas measured at selected temperat@res.

) 1
. . _ - 1
3.1.17 THERMOGRAMS OBTAINED USING THE ECD DETECTOR “
- . , , . »
./> ) ) B ’

Whe thermograms for tpe second run on thirteeﬁ supports

J

Rﬁijned using- the ECD detector are presented in Appendlx
(1).

ATl thermograms were plotted on the same scale to
-]
facilitate Jomparison between columns. The area under the

t

curves ranged from zero to four thousand square m1111m1tres

[

in the temperature _range of 140 to 230 dedrC It shou]d be

"noted that peak areas were determined as we]] as av‘130 deg C

bt ‘because of the 11m1ta%10n of space on the graph th1s
N v / , »
temperature was not included, as it did not ind any‘way

N

- change the results aﬁp conclusions to .be derived from the

¢ H ,
N 'g
thermograms.. -

-
4'/

W

-

o ; 4%
The thrge compounds represented in thegse thermograms

were Phorate, -Disyston, and MaJathioﬁ. In some of the

K

thermogréms MaTathion was comp]ete]y adsorbed and no peaks

were obta1ned for it. Where no Ma]ath1on peaks were seen,

o

the thermogram carries the notation 'Malathion adsorbed'.

-

AR IET VR JECICS 2 S
¢
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s -
The thermograms Yor Phorate,'Dfsysfcn, and Malathion
ane reﬁ;esented\by curyes A,.B and:G, réspective]y. \ ’
. ) ‘\
“Some ’ "thermograms 1nd1cated gero peak areas at Tow
“temperature§ fi}. ., 140'deg C on thermogram 2C), especially
those thermog%gﬁs for Malathion, Thi$ meant that a

chromatographic peak—was not observed at that temperature ~ *
/’4 . - N

under the detector sensifi®ity conditions -used.

\‘.. o . . 4.. l -' L. § . . 'J -

At the h1gher temperatures jsome thérmograms do not have

.

any area 1nd1cated This means that the peak went pff sca]e,

4

. );5@ on the recorder, and a determination of ,the peak area cdu1d

not be made. Attempts to use a lower-sensitivif& (increase

2 2

to 32 x 10

in attenuation from 16 x 10 to-bring these

»

dhhomaWSgraphic‘peaks on scalé were-not éncouraging because

of the ncertdinty of relative responsé\ét different.

attenuations (thermograms 3A, 3B an 3@);

1

- *
/ 3. \ . e 4 ‘
. - A . }%. A\

A summary of the ranking of the thermog}dﬁs based on

relative areas obtained with different columns is given in
ble (11). i
Table (11) p / I

. .
. s . v \

\ .- . ) " . oL ‘ |
’ . ‘ .

ﬁ;r.z THERMOGRAMS OBTAINED USING THE yfID DETE€TOR
- A - 1 " a

-

Thermograms for the second run of eight supports tested

-

with the FID detector are presented in Appendix (II). The

'

-

area ugge? the curves ranged from zero to eight hundred

.&"/ ” 9 . ) . “

.- .
- ° .
n - j ) i . .
e I3
. . o ~ - L7
//1 . : . -7 By
N i
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T_ABLE 1) & Ranking of Supports Based on Re]ative\<\reas under the .~ -~

Th@‘mograms for Phorate D1syston and Mg]athmn Obtamed

- Us1ng the ECD Detector, ) ) . X ‘
, RANK IN TERMS ‘ ~ \
" OF AREA  PHORATE , " DIS@ON - * NALATHION
\ 1 CG-HP 'cpm . CH-HP .
' 2 CP-W CG-HP CH-AW
C 3 CG-AM C e CG-AW-DMCS
'{ P CG-AW-DMCS - CG-AW-DMCS CG-HP
ros tcw-np . CP-AW-DMCS " CW-AW-DMCS
6 UCu-AW CocH-m CP-NAW
' 7 C6-NAK CH-HP’ o CG-AN
- 8 CW-AW-DMCS - CG-NAW **|J1tra-Bond 20m "
g ~ CP-AU-DMCS " CP-NAW |
100 7 Ccu-n © CH-NAY a
. 1M TN CH-AH-DNCS -+ '
l 12 c-750 . C-750 -
| 13 . UTtra-Bond 20m UHl:ra';Bond;ZDmu -
. J
* - Ma]at.t‘hion-did not- show up at a sensitivity of 16 x 102 for the
f61lowing support® : CP-AW, CH-NAW, CG-NAW, C-750, and CP-AW-DMCS'
o ** = An g,tt‘e,ﬂua”cvion of 2 x 102 (sensitivity eigjh‘“t times greatér than
v / "at attenuation 16 x 1827 was u\sed for the Ultra-Bond 2(‘)m_co]'umns.:
. -~ "
¢ \ ' \ '.\

e
. "

Aadret G




~

_square millimeters 1in the temperature'range of 130 to 220 deg
. C. A temperature study was also done at 230 degvc for each
.support, but the.resu1ts were not included in the graphs
because of the'1imitations of 'space, and because their

omission in no way chagged the results or &onclusions,

\\“ﬂ\ . , ' .
N The compounds'studied were Phorate, Disyston and
Me]athisﬁf“In all of the runs with FID detection, peaks for

Malathion were observed, which was not always the case in

the ECD detector tests reported .n Appendix (I).

Curves A, B and C represent Phorate, Disyston and

Malathdign, respectively. - .

4
s

The exp]anetion for the non-existence of Peek'areas in
some»cases, at Tow and high temperateres as the case may be,
Tin thermograms, is fhe same as was given for the work with
the ECD. At high temperatures the chromatograph1c peaks
were ‘of f’ sca]e, and at low temperatures no peaks were

gbserved at the sensitivity used.

It, should be noted that only one ren was done forl
CG-AW-DMCS. Thermogram (8) in Appenq)x (II1) is therefore a
first run result,

A summary of ranking of supports based on relative
areas of the thermograms obtained with different columns is

given in Table (12).

PSR-
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\ © TABLE '(‘12'). . Ranking of Supports in Terms of (gomparison of Relative
L T ~ Areas Under the Thermograris for Phorate, Disyston and
-\ “Malathion Obtained Using the FID Detector. 3
' ' . 1 é
he 3 ) \ o ~ .
RANK IN TERMS |
. ‘ ' ‘ ) }
, OF AREA PHORATE DISYSTON _ MALATHION
[ . . ’ . 5
‘\ S 1 . CW-HP . CH-HP CH-HP ~~ ’
< - s;' — 5
2 CG-AW-DMCS CG-AW-DMCS C-750° A
L £ )
.3 C-750 C-750 CG-AW-DMCS : ' ‘r
. 4 " CH-NAN CH-NAW CH-AW~DMCS Lo
.5 CH-AY CG-NAN CH-NAE T : T
6 " Co-NAW CP-NAW * CH-NAW %
7 CP-NAW CH-AN CP-NAW f
g CW-AW-DMCS CH-AW-DMCS CG-NAK ' b :
©a ‘
* - 0Only one run was done with this column, | ' -
' This is therefore a first run result.’ ;
a ;;\
:
¥
. b
b | o
K
\p/ :
.
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3.1.3 QUANTITATIVE COMPARISON OF EFFECTS OF SUPPORTS

AND PESTICIDE CONCENTRATIONS ON RESPONSE
1 \ \\

Using the thermograms in Appendicg§ (I) and (I1), peak

areas were eQa]uated at ‘column temperatures of 150 and 180
deg C,,hna at the temperature where.a maximum in the .
thermogram was obtéined. These values were nﬁunded off to
whole numbers and ranked relative to one anothér in order to
defermine which £01uén (support) gave the best response,

D?ta at three concentration 1eQels are reported. Test? with

“
the FID detector are labelled 'High concentration', and with

the ECD, 'Moderate concentration' or 'Low concentration' as

the case may. be, Results are tabulated in Appendix (IV).

CHROMOSORB W -

\

[y

The FID thermograms in Appendix (II) were used to obtain

Tables (13), (14) and (15) which give aregs-for the five W

supports at 'High Cdncentrations' (Appendfx (IV)). For leach '

.pesticide at each temperature the greatest peak area observed

o~

was$5rbitrari1y assigned a/yalue of 10, and the areas of the

remaining four sipports were eéxpressed 55 a ratio relatiive to
10. For example, at a column temperature of 150 deg C
Disyston hasfareas of 740,490,620,590 and 680 square
miTlimetres on the support§ HP,DMCS,NAW,AN and 750, respect-
ively, - HP was assigned a,va1ue of 10, while DMCS,NAJ,AH and

750 were then 6.6 (490/740x10), 8.4 (620/740x10), 8/0 (590/

o
et bt ettt S it
.
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740x1p) and Q.é L680/740x1b), respectively (Table (13)), The
same process was.répeated at 180 deg C'(Tqb1e (14)) and the
peakigaximum (Table C15)).' From.the ratios.in these tables
.the supportg could be ranked in terms of responses, Table
(15) giVes Qhe Score and Rank for tﬁe-three temperatures for
the five W suppo}ts. ‘ ' : - I

Th;&same process was repeated for the 'M;derate
Concentrations' using the thermoggams in Appendix (I) to
obtain the peak areas at 150 andgfgp deg C, and at the peak
v

magimum. Tables (17), (18), (19) and (20) represent these
data (Appendix (IV)). |

L4

Table (21) has the rgnking of the supports for the 'Low
Concentrations" of pesticides. The data was taken from

Table (22)1

Tab{e (23) represents the Score and Rank for the supports

at various sample concentrations.

CHROMOSORB G

/

‘

Chromosorb G's were ranked only for ‘'Moderate' and 'Low'
concentrations of pesticides, Few tests were done’at ‘'High

Concentrations' for Chromosorb G or P,

Repeating the above process for Chromosorb G at 150 and

e

.
P T VX" S

20

vy
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TABLE (22)

on Columns With Different Supports at a Column

Temperatbre of 180 deg C.

13.76 pg DISYSTON

‘ PEAK  PEAK
QO_L‘LJM_NS_ AREA *** HEIGHT **
— p
c-750\ ) 31.2 . 6.3
CG-HP . 46.5 6.2
CH-AY 59.6 5.5
. CH-NAW 62.0 .16.3
CG-AW-DMCS 68.9 6.3
CH-AN-DMCS \ © 69.5 18.3
. CG-AW \ 72.4 8.7
" CH-HP X\ 250.4 65.3
 %CP-AW-DXCS - -
*CP-AW \\ -
*CP-NAW )\\ - -
*CG-NAW \ - -
* =~ No response ‘on these supports
** - millimeter ' .
kekk -

square mi]]ime‘:ers o

\
'
Y

Ve

£

2.11 ng MALATHION

PEAK

AREA **% HEIGHT **

72.6
143.6
T 151,1
277.3
149.2
186.3
142.8
SN7.5

PEAK

AY

- 8.
9.
18,
36.

6.

27.

. 7.
172,

1
7
7
3
9

w M~ 0

96

Response of Low -Concentratiomsof Disyston and Malétni‘on

™
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180-deg C, and at the thermogram maximum (Appendix (I)), the
values in TébTesr(24),(25),(26) and (27) were obtained,

o . ‘ ,
: Table (28) represent the ranking with respect to 'Low
Concentration' of pesticides, with—data taken from Table
(22). | o

)
L1 ’

4

CHROMOSORB P i - - ‘ .
Only one Chromosorb P support (CP-NAW) was ‘tested with
high concentrations of pesticides; On Chromosorb P supports,
responses were not obtained for/ 'Low Concentrations' of. ’
pesticides. The responses on Chromosorb P sUppoét at 150

and 180 deg C, and at the thermogram mﬂk?ma are given«iqk
! y

3.1.4 RESPONSE ON DIFFERENT SUPPORTS FOR LOW . )

CONCENTRALIONS OF PESTICIDES

Tables (29) and (30) in Appendix (IV).

¢

From éhe therhograms in Appendix (1), the support that
showéd ﬁhe lowest response towards Phoréte and Disyston- was
chogen for use in the determination of the minimum amount of
Disyston and Malqthion that could be detected, This suppor£
was determﬁnéd to be C-750 (Table (22)). Using the co]ump
containing this ysupport, and the experimentdl conditions in
Table (8), the sensitivity of'the inst;ument was increased

to the maximum possible at which the recorder baseline for

v

[
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/ N

the chromatogram was_still stable. s+ At this sen;ilivity . )

- \ " ) .
(attenuation 8 x 102), the concentrations of Disyston and

&

Malathion were varied until the responses of the ECD at a

. !
column temperature of 180 deg C were just a little greater

AN

than ‘twice the.backgrounq\noise level [53].
\

.

Suitab]e_concentrations for Disyston and Malathion were

* .

- /
found to be 13.76 picograms and 2.11 nanograms, respectively.

’/

\Thﬁn, at a column temperature of 180 deg C, a sensitivity of

: \
8 x 102, and other conditions: as specified in Table (8), the .
. | .
responses on all of the diatomateous sypports were determined

fgr the above amounts of Disyston and Malathion. The peak '
area and peak height responses on these supports are listed

in Table (22).

-

On the last four supports in Table (22) (CP-NAW, CP-AW,

v

CP-AW-DMCS and CG-NAW) no response was obtained for the low

n ®

concentrations of Disystbn\and Malathion used. : ’

N

3.1.5 FURTHER OBSERVATIONS . -

While the%mograms did i1lustrate the relative responsesi\\
of the supports studied; they gave no indication of the

extra peaks that appeared on_ some chromatogramsn(peéks other
than those for Malathion, Disyston and Phorate). They also
gave no information about b]eéding of the columns as was

* observed in\work wi?h the ECD (single co]umnjt or tailing of

-

peaks, all of which effects are important in the compérative

', >

b kA D it i <%t oo e S
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study of support effects, Such infdrmation is given below,

. .
» [ ]

«In the ECD study, every column showed bleeding. Figure
’ A ( 1

" (14) shows the bleeding observed from a glass column packed

with coated CW-HP, using the conditions Listed in Table (8).
The following observatipns were made, At an isothermal o
column temperéture of 130 deg C, azepnstant\ba§e1inejwas
obtained after samples were injected. When the column ﬁemp—
erature was changed/to 140 deg—Eithereiwae b]eeding of the
ce1umn and a baseline driffrbtcu;r%d Th1s dr1ft ‘was
allowed to continue until a p1ateau was reached at wh1ch

time the recorder pen was brought back to thé or1g1na1 base—‘

R
line. More samples were injection at a column temperature

of 140 deg C and then the column témpe(iiiiin::e wa1sed to
150 deg C. On changing from column tempera ]40 to 150
deg C more bleeding was observed. Agaiﬁ a plateau was

reached and again the recorder pen was brought back fq the

original baseline (XY in Figure (14)). This process was

repeated_fok all the temperature changes shown in Figure (14),

Thes mest intense bleeding occurred for the temperature
change of 160 to 170 qeng in the case of the columng ‘
‘ BN A /

containing CW-HP,

A

In general, it should be noted that the temperature At

<

. K i .
which the most {ntense bleeding occurred was not fixed, but

varied from run to run on the same column for the same

. A
solute and also from column to column for the same solute.

. [
’ '
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1 Minute.

v
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A11 the columns showed dgpomposgd.product peaks when

tested with the ECDIdetéétor. For the temperature rangé .

-i

. . ! }
studied there were no interfdérences of these extraneous

decomposition peaks with the pesticide peaks in most cases.

L4

)
3.2.0 DISCUSSION OF RESULTS

B
o

I5

'3.2.1 ELUTION ORDER OF PESTICIDES

[} P v

The order of elution.of the orgaﬁophq%phqfus pesticides

. 7——bleed from 190-200°C.

P

e

A,

M=

S G
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. was observed to be]§ccording to xheir;bﬁiling pointsh.
highest boiling compound, Ma]gthion (b.p. 120 deg C),was_ ‘

y /qsted.

'Phoyate, the fpwest bailing compound (b.p. 100 deg C).Wa;

“eluted last on the chromatograms for the supports

» " eluted first, while the elution time of Disyston (b.p. 113
deé C) was between that of Phorate and Malathion, | Ewell et
al [81] consjders these’pesticides as belonging to|the Class:

y
IT

S I1 group because of their order %ﬁ elution. A Cldgs

4 'group contains donor atoms (oxygen and sulfur) but does not »
contain any active hydrogen. The‘1iQUid phase 0V-1 was \\s
ass _

- . f . ;
! considered as belonging to theCilass D group»[82,83]. A C1

\

D group contains donor atoms (oxygen) but-no hydrogen - i
- bonding capacify."When Class II compounds are eluted on a

- Cfass D Tiquid phase,,the%, the order ofﬂgeparatiqn will be

' - . T ~ . - «
based on the boiling points - the lowest boiling compound =~ ~

-

will be the first to be e]uied. !
¢ ’ ’ £

(Figure (21) Chapter 5). " Therefore, evaluation of pe%k;

- ’ Y M
areas was an easy task. . ‘ T ’V

4 - . )

3.2.2 REPRODUCIBILITY OF THERMOGRAMS ‘ ;

]

At Jeast:duplicate.runs were done with each column with

both detectors (ECD and FID), For no two replicate runs were
T ' .
the thermograms identical for any particular support. The -
, ] ‘ w .
3 )

_¢
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| column changed the physical and/or chemical| properties of

\ i

- . \
- X —~F
v\ ‘ N !
.

1}

da&'té day performance *of the same columns.varied, The
(-

* second run for;some columns showed an increase in peak area

over the firsf“run, whereas for other columns a decrease in
peak area was observed for the second run compared with the
first, These results indicated that every run made ona

' f

l
- that column., The bleeding that was observed.for every run

going a change,

iindicated that .the cdlumn properties must have been under-
1 ') N

\ ' AN ) N
The same trend (Appendix (I))ewga observed in all the

thermograms obtained using the ECD defector,i.e‘, small

peak areas at low temperatures, ard a maximym at some middle

temperature. Daniel et al [85] f&und a ;imilar pattern in
thelthe;mogréms for acetic acia, benzene anJ butanol;\thev
on]y diTference being that a p1ateah Mas reached at high
temberatu%es,‘rathgr than a decrease in response being
.obse;ved. ) ) - o '

XThe patterns of thermograms obtained with the FID

v

deteétor, Apbendix (I1), were different from those obtained
with the ECD. There was a general decrease in peak area

with temperature, Most FID thermograms showed two or more °

. . ¢ ) ' »
maxima. ' '
' - oA
\ ’

'

| R . '
‘detectors could be explained by consideration of the -
- . N W

. . 104

TLe nature of the thermograms obtained with ECD and FID -~
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following four main factors 3 , ‘ e
’ * ol - .' 4
(i) concentration effects (i.e., in FID téstg;’so]utions

600 times more concentrated than in the ECD tests were used) s

(ii) bleeding of'the column which changéd the physical
~and chemical properties of the co]ﬁmn continually and‘thus‘
} led to many mékima in the same run because of priming and

k de-priming effects (e.g., in the case of FID tests),

i (iii) decomposition of the pesticides because of

heating, together with catalytic effects of the tubing and

supports. ‘ '\ /
, ./

’ .

(iv) reaction of the pesticides with the liquid phase

Ca ‘/
3.2.3 RESULTS OBTAINED WITH THE ECD DETECTOR

-t " .
Figure (15) shows thé tﬁermogram obtained on CG-AW-DMCS

on the column, .

support using the conditions given in Table (8). All«three

, pesticides showed a maximum at about 180 deg'C,_in the first

-

run. The decrease fnfﬂrea above ‘a ‘temperatyre of (180 deg C
A

)

A

-

) Sectjdn 1.7 of Chapter 1 described some typical ‘reactions
that can tak;j;?EZETIHTﬁ’pentavalent phosphorus . compounds, .

-

;én be explained by)any of the four régsons give§ above.

.

, - . . N
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Réatt{ons (12) and (13) descr1heg how the liquid phase (0V-1)
could interact With phosphorus pesticides in the temperaturg
range studied. .If oxygen is present %ﬁ' the GLC system the
phiophosphory1 group of the pésticides‘can'be rep]ddéd’with
oxygen (react{on (16)). The thioether groups of tﬁgAf
pesticides can be oxidized to sulfoxide and then to sulfones
(1?5). Heating can . causSe organoﬁhpsghorus pgsticidés tA'
decompose as was obsarved-fop‘trans-Dioxathion Créaction‘
(18)). Heatiég can also cause these‘pestic{des to isomerize
as was the case for Parathion (reaﬁtfoh (}9)). iNd atéempts‘
were made to,prove'whidh‘of these reactions pcqurred in this
sfudy, but fhe conditions (témperature 6f.the column,
silicone liquid phase, and the presence of trace amounts of.
:oxygen) that were present in the GLC 601umns tested were
those necessary for some of these react1ons to take p1ace
“The actual extent of react1on of the pest1c1des that
occurred with columns can be assumed as‘be1ng small because,
of the small response observed for decoﬁposed products, It
is possib]e,'however, that the pesticides reécted wfth the
liquid phase‘and were,refained on the column gjving the
small response'obseryed for .the decomposed products.
'However, the mo%e 11Lé1y»explanation‘for the trends Qbserved

on the ECD thermograms was in terms of column ﬁ]eed, and -this

1

is discussed he]ow

-
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*3.2,3a EFFECT OF COLUMN BLEED ON ECD RESULTS

1

When the XY shifts were added togethér for the nine
temperature changes carried out on the CW~HP column (F1gure
(14)) they amounted to.almost three full 'scale deflections
on the recorder, This ﬁust have reduced the sensit%vity of
the detector, as‘was discussed in Chapter 1, Section 1.11.2,
As reported by Dévaux’et al [69] the bhleed rate of liquid
_phases inqreases exponentially withAkémperature. jhis‘meant
that the'g1uted&pesticides were compgting with the bleeding

liquid phase for the fixed amount of electron popu]ation:

-

present in the detéctor. With increase in column temperature,

bleeding of the liquid phase increésed, and therefore
responsé for a given constant amount of pesticide wou1q have
Been,expected to decrease. ‘
Novak [84] describes the ECD detector as mass. sensitive
r&ther than concentration sensitive. for a mass sensitive
detector the peék area of an eluted component is proportional
to the 'total mass of the component in the detector sensing‘
element, Therefﬁré if there were two or more components

eluted with the same re]at1ve retent1on tlmes, then the peak

area would represent a sum of the total masses present in the

ECD detector sensing element. It should be noted that a mass
vf]ow detector {is *independent of the carrier gas flow .rate.
v /

In contrast, for a concentration detector, the peak area is

inversely proportional to the carrier gas flow rate, as for

o s R SR SN

T aw
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example for the thermal conductiyity detector, _ D

The first run results with the CW-HP (glass tqbing)
column were usgd to produce bleeding data in Figure (14),
The thermogram for this run, Appendix (III) (thermogram 2),
had no ﬁaximum, but instead, decreased‘exponentialjy with an
ihckeage in.column temperature, The_second“rup on this
column, Appendix (III) (thermogram 3),'had maxima at about
]4b deg C for the curves of Disyston and Phorate. ‘The
possible reason why the fi}st run did Hot show any maxima
was because the column was already b]eéding badly at 130 deg
C. The response of the ECD detector towards the pesticides
was therefore decreasing continuously from 130 deg C onwards

to 230 deg. C. The seconq run of ﬁhe:CH-HP (glass tubing)’
¢golumn had less bleed at 130 than the first run. The |
response was ﬁigher for all ‘three pesticides. From a column
temperature of 150 deg C upwards to. 230 deg C in the second
run (Appendix (III), thermogram 3) the. bleed rate'of the.
column was intense. Hence, the decrease 1n;reéponse of. the
pegtiqides. It was experimentai]y obse}ved that the column

bleed at_]éo to 140 deg C was about 30 times more for the-

first run when compared to the second run.
/

The general shape of the ECD thermograms as illustrated
in Figure (15) for Run 1 on‘the CG-AN~DMCS column can

generally be explained in terms of adsorption of "the

pesticides from a column temperature of 140 to 180 deg C,

¢ /

4,
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and bleeding of the liquid phase from a co]umn temperature of,
180 to 230 deg C. As the column temperature was increased
from 140 to 180 deg C the pgsticides were less adsorbed on
the support and hence a higher respor;se was observed yn' th
increasing column terﬁperatures. However, at a column temp- *
~ erature of 180 deg ‘C the bleeding of liquid phase from the
column began te compete -with the pesticides for the ,e]ectren’
population in the detector, hence \reducihng the response of
the ECD towards the pesticides. The response of the
pesticides, therefore, decreased from 180 to 230 deg C
because of j"ncreasing column bleed as column te_mperaturesb
(increased. Loss of injected pesticides because of priming
of .active sites which were exposed as a results o“f liquid
phase bleeding also conf:ributed to a decrease in response
obgerved at the h‘igher column temperatures: This effect is
discussed .in ‘de’eail in the section on FID thermograms‘
(Section 3.2.4). Of significance in ngg,,re (15) s the
temperature at which the maximl;m respbnse occurred, i.e.,
180 deg C, for each of the three thermograms shown. Since
the decrease in response began at ‘the same temperature,
.this wa.s a strong indication that bleeding of the column
lTeading to reduced detector sensitivity was the'primary
cause-of the redection of r'espo,nse. As can be seen fro;n the
thermograms in Appendices, (I') and (II), in most cases, on
any given co.]umn, the thermogram maxima occurred at the same

‘temperature (+ or = 5 deg C) for Phorate and Disystdn.

,Malathwn showed unusual behavmr which is discussed in

o e e S
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Section '3.2,4, Table (31) gives the column temperatures at
which the thermogram maxima occurred for the first and

second runs dh the columns tested with the ECD detector, “

—

3.2.3b ULTRA-BOND 20/ AND CHROMOSORB 104
—— 3

A11 the results obtained for the diaﬁﬁmateous earth

o e s ey 1 i b

supports (Chromosorb W, G, P "and 750) Qere under identical
ECD cdnd}fions;zand generai]y comparable results were '
obtained, However, experihenta] condit%ons required ’
modification for tests with the bonded support,‘U1tra-Boﬁd’
20m, and the porous polymer support, Chromosorb 164. Both

gave results that were different from those for the

[ T

diatomateous earth siupports.’

« In testing the column packed with Ultra-Bond 2Qm, a
sensitivity sixteen times higher than that listed in Table
(8) was required. The column made with'thelsupport Chromo -

- sorb 104 did not resolve the three pesticides ﬁeaks-af the . . :

T column temperatures listed in Table (8).

ULTRA-BOND 20m

[

¥ A B

Ultra-Bond 20m is a diatomite support which has the

1iquid phase Carbowax 20m bonded on its surface, The column

i W~ A e D e

containing this support was ﬁsed with a high purity helium '
.carrier gas (containing less than 0.5 ppm of oxygen). Under
. \ g

»
¢

P




TABLE (31

Y

SUPPORT

" CW- NAHW

CH-AW = -~
CW-AW-DMCS
CW-HP
€-750
CP-NAW *
CP-AW
CP-AW-DMCS
CG-NAW
CG-AW
CG-AW-DHCS
CG-HP

-

S 112

Column Temperatures at which Thermogram

\

Maxima.Occurred for the T1st and 2nd Runs

on Diatomaceous Supports Using the ECD

Detector.
PHORATE " DISYSTON

1st Run 2nd Run 1st Run 2nd Run

170 200 170 200

180 170 185 170 -
190 200 200 200
190 170, - 190 160"

210 230 210 210

160 180 160 180

20Q, 160 180 160

220 190 200 200

170 190 170 190

180 200 190 200

180 210 ~ 180 200 .
200 180 - 210 - 7180 ’

.
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the conditions listed in Taﬁlzfjﬁ) no. response was ohserved,
. )

However, when the sensitivity was incredsed by a factor of

sixteen, a reasonahlé response was observed, °
. PR

-

The decreased response for the ?m<i: pesticides on this
c&]umn can be attributed to the change ¥n carrier gas'ffom
nitrogen to helium. In work done by Locke et al [86]‘it was
shown that nitrogen as a carrier gas{has'a greater capacity
to deactivate the active sites on a support material than
-helium. Hence, the better response on columns that uEe
njtrogen'as a carrier g&s and the p&orer the response .
pbseried on the Ultra-Bond 20m column using helium carrier

gas. - \

Guild et al-[87] showed that whgﬁ nitrogen was used as
a carrjer gas, a steady state was reacheq very quick]y, i.é.,
thé coﬁpositibh of the carrier gas entering the column soan
éqﬁa]ed the composition of the carrier gas leaving the

S

" column. However, with helium, an extremely Tong time was

required .to reach a steady state. ‘ . @

As seen from Appendix (I), thermogram 13, Ultra-Bond 20m
had the least overall area of all columns, for the three
pesticides. The above explanation may be the reason for the

-
small area observed,

i T
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3.2.3c COMPARISON OF STAINLESS STEEL AND

114

CHROMOSORB 104 | ) -
oA ( ' ~

The column made with this support did not resolve the

three pesticides under the conditions listed in Tahle (8),

v Vo

The only logical explanation for this loss of resolution
Ts’thaf the Tiquid phase. (3.5% (W/W) 0V-1)did‘not coat the ’
support effectively, and hence éhe column was packed with
uncovered Chromasorb 104. If the liquid phase was actually
coated on the support matéria1, then resolution similar to

that observed on other columns should have been obtained,

,The reason for the liquid phase not coating the surface §f

A .
.the C- ]04 support is. that the surface energy of the 1iquid

phase is far greater than the surface energy of ‘the support

\ [37,38] (see Section 1.6.1 of‘thapter 1).

A

- GLASS AS COLUMN TUBING MATERIALS,
USING THE ECD DETECTOR

The  ciaim by Egan et a]f[74],énd éevenue et al [76],

that glass tﬁbing'is better than stainless steel tubing for

the analysis of organophosphorus pesticides was confirmed

(Appendices (I) and (III)). For the same experimental
conditions the supports packed in glass tubing genéra]]y
showed a higher reésponse (Appendix (III)) than those packed -

in stainless steel tubing (Appendix (1)), at the lower
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column temperatues, regardless of the packing contained,
The 11kely reason why the response of the glass tubing
columns decreased drastically at higher temperatures was
because of the gréater amount of 11quid phase present in the
columns (15 and 16 of Tahle (6)), especially the CW-HP .
column. The greater the amount of 1iquid phase in the

column- the more t’he bleeding of the column, and the qgreater

the reduction in sensitivity of the detector towards the

pesticides. Also, the'gr‘eater the amount of liquid phase in.

the cq1umn the lower the column temperature at which bl‘eeding
becznmes siynificant and the detector response decreased,
This fact is immediately evident in the thermograms in
Appgndixl (ITI) for the glass columns. The CW-AW column

whz’ch had 0.20 gm QV-1 liquid phase gave a better response
than the CW-HP column which had 0.331 gm OV-1. Also, the
r,’te of decrease of responsé with increase in temperature

Wags Tess with the CW-AW coTumn than with the CW-HP column,

again indicating more liquid phase bleed with the Tatter.

&

¢ v

'3.'2.4 RESULTS OBTAINED WITH, THE FID DETECTOR

The response of the FID detector was not directly
. \ /
. affected by the bleed of the column because of the use of a '

dual column system which compénsated for‘Hduid'phase bleed.

Budzinowicz'et al [89] in their study of barbiturates
compared the behavior of ECD .and FID detectors. Less than

\ - . \
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'9.1 ug of barbiturate was used for the ECD detector, and’
yreater than 0,1 ug of barbiturite was used for the FID :
detector, They found that the differences 1in concen%rafions
ised for the two detectors led to quite a differeeceAin the
results obtained,  Similarly, in this thesis, response

‘resu]ts were found to bhe much affected by the concentrat1ons
of the pesticides, and different shape thermograms were

obtained using the FID and ECD detectors. .
- N

Gudzinowicz et al also found that'their’FID results

]

showed a disb]acement effect in which one material adsorbed’

" by the active sites on the support was‘rep]aced{by another

compound until it reached equilibrium on the column.

-

From the results of tests 1in this thesis with the ECD it

was known that column bleed occurred as the column temperature

was increased. Hence, new active sites en the7sqbport were
contihupusLy exposed. Based on thfe fac%, and the’ fact

that the FID tests were carried out with pesticide eoncentrf
atxons far greater than those used for the ECD tests (1000 .
tlmes more for Ma]ath1on, 266 times more for D1syston and
400 t1mes more for Phorate) the different shabes in_the FID
tﬁermograms (Append1x (11)) compared to the ECD thermograms
/o

~
it 3

can be expla1ned.

The fhermograms obtained using a column packed with

coated CW-HP support (Column 4 of Table (6)) are sHown in

fe
.

4
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thermograms were 1nd1nect1y reﬂateq to the b1eed1ng of the

-decrease in response

of injectéd pesticideg’

' . ‘ S
s ; . .. o -

Figure (16), The shapes of, these thermograms are typical of

all those obtained with the FID detector, except for

differencés in rate of change of response with column temp- ”?

,erature~(Appendik (jI)). The multimaxima in the FID v

~

™~

1iquid phase in the coiumn as its temperature was raised, o

They can be exp1a1ned for Figure (16) as follows. At the /

B , L inad
lower temperatures, the columq had been primed by priagr

injection of the pesticides, and a gradual increase n

_responsé as the c91umn temperature inqreaseu'tb 130 deg C. -

® .

was obéérvedfbecayse of decreasing adsorptiuity of the

support. Above 13§‘deg C, the response.from the detector

decreased up to column. temperature of 150 deg C. This
can be attributed to stroug adsorption
Q prime new act1ve sites on the

support that had be?n exposed because"ofﬁthe bleed%Pg of the

‘ e )
.

,T1qu1d phase at,thqse temperatures. From a column temperature

Qf‘]bq to 165 deg C there was an increase in response
b@cguse the priming effect was complete and more of the
o . ‘

injected pesticide was eluted. From a.column température 1.

of 165 to 200 deg C the résponse of tRe detector decreased * .

‘d?asticafﬂy. The rateroﬁ 1iéuidfphase bleed was probably

)

the greategt in this temperature-range'neg«ﬂting in maximum

exbosurefot new active sites on the support, requiring the .

greatest amount of priming hy. the pesticides; and hence
leading to-smaller responses being-given:by thé detector.

~ . ' 4
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FIGURE (16)

150 160

Thermograms for Column Containing Coated

CW-HP support Using the FID Detector :
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In E?htrést, two® factors acted to give the decrease in
response with increase in column témperature observed at.
higher temperatures with the ECD'detecfor. *The bleeding of
tpe liquid phase reduced the sensitiviéy 5} the detector;
and when the column bled the pesticides injected were used
up’in priming the newly exposed active sites, hence,
decqeasing thé amount of pestjgides réaching the detector.
Oniy the latter of these reaéons contributed to the de;rea;é
obserdéd'with the FID detector. Lt is, therefore, not '
surprising that the FID thermbgrams‘showed a smaller:

decrease in response with an increase of column temperature

than was observed with the ECD thermograms.

-

-

Also, because the FID detector is less sensitive than
the ECD detector, bleeding and priming effects would not be
expected to® cause as drastic changes in the FID detector

response when compared to the ECD dEtectOF response.

-~

[N

Comparing fhe ECD and FID thermograms, one can qonc]ude
that the trends for the Phorg}e and D{syston curvés were
almost identical in all cases, whereas the treﬁd fo} the
Makathidn curves were Hifferent?“ This difference can be
corr;{ated with the structure of_ the compounds which have
d%fferent physical properffes. Section 1.3 of éhapter f é .

desgribed‘the structure of these pesticides. Phorate andf

~ ¥ :
"Disyston have similar structures-and hence similar physiq@]

~ { ~
and chemical properties, whereas Mdlathion has a structure

-
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duite'ﬂifferent from that of the other two pesticides, and

hence the difference in properties.

In a paper published hy Lindgren et al [36] it was

jmentioned that organophosphorus pesticides can”dﬁffusé

through the 0V~1 1iquid phase that coats the support materlal

and interact with the support s active 51té§. From the ECD ,
and FID thermograms in this thesis, there was a strong
indication that Malathion had a slower mass tFan§fer
g;?ough the OV-1 1iquid phase than do Phorate and, Disyston,
Be@ause of\fts slower diffusity, due'to structural effécté,
through the liquid phase, Malathion interacted to a greater
extent with the support material and hence was~susceptib1e
to more adsorpt{ons The higher adsorption for Malathion

by the sqg?ort mater1a]s was evident in the ECD thermograms
(Appendix (})). 'There were smaller responses, or even no
responses observed -on the coldumns {ested. Seven of the‘
support materials (cwlAﬁ, CW-AW-DMCS, EW;HP, CP'~-NAW, CG-AW,
CG-AW-PMCS and CG-HP) gave some resbonse for Malathion,
wﬂi]e the other five supports (CW-NAW, C-750, CP-AW, CP-AW-
DMCS and CG«NAW),;ompletely adsorbed Ma]athion;.

“

°3.2,5 LINDANE RESYLTS o

.
P ’ . .
- : hd

- In the study of the chlorinated pesticide, Lindane, it

was_fbund~that both FID and ECD experimepts gave thermogranms

with similar shapes (Figure (17)). The thermoirams for
' v

! - v .

o,

w
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Lindane/were similar because it was possible that this .

o

' pesticide reacted with the 1iquid phase Pv—i7.to a great
enough extent such that this effect overwhelmed any liquid’ .

phase bleeding effect on the detectors.

N

Baiulescu et al [34], and Trash [90], strongly suggested
that chlorinated compounds react with 'silicone. liquid

phases such as 0V-17.‘ . 2

L)

The trend in the ‘thermograms of Figure (17) showed that
as the column temperature increased, the response‘for
Lindane with both)detectors decreased. This could mean that | ;
at higher column tempe;atuﬁes fbe reaction between the
liquid phase, OV-17, and Lindane increased. Of experimental !
’significancemwas the fact that there were no extraneous
peaks observed in the chromaéogﬁams for Lindane. .This was
a st}ong indication that the reaction product(s) between

Lindane and the 1liquid phase were.strongly retained on the

column. :

¢

3.3.0 CONCLUSIONS .

p 2

\

In this part of the thesis, an attempt was made to s

survey all the possible factors that could affect the
response obtained for HPE pesticides studied‘using ECD anqy////////
FID detectors. = The three main cofitributing factors wgre‘

found to be ds follows: D .

&
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(a) Liquid phase bleed decreased the sensitivity and,
therefore, the response of the ECD detector directly.

(b) Ljquid phase bleed decreased both the ECD and FID.
responses indirectly, i.é., through additional priming by
pesticides being required on new active sites that were

created throygh bfeeding of the 'Tiquid phase.

(c) Ad%orption of the pesticides by support material in

-

two ways. (i) Onto exposed‘surféces of the support material,
and, (ii) by diffusion of the pesticides th;ough the liquid
phase fq]]qwed by interaction with the'support material.

.IF is not possible, therefore, to ¢lassify detector ¢
responée on the basis of any one of the above three reasons
‘alone, but ;1] of them must 5e considered. To obtain a
frue cqmparison betweeJ the actual adsorptivity of a
support material and detector response it would be necessary
Eg/sfqdy‘the support materials without any quuiﬁ phase
coated on thenm, éhfch would eliminate possible interferences
due to liquid phase bleed. .However, peak’tailing should
jive an indication of the actual adsorptivity of a support
material and this has been considered in Chapter 5, :

Conclusions for tﬁe three main classes 6f djétomateods
earth supports (Chomosorbs W, G and P) are given below. The

names of the supports in the columns were used to identify

. : : {
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the columns so as to make reading of the thesis nore
‘ comprehensible. It should be remembered, howevér, that it
_55 was the detector responsgs for tﬁe different co]umn§_1jsted

3

in Table-(&) that were compared, and that these were

affected both by the support adsorptivities and by other

factors such as ‘lTiquid.- phase bleed.

CHROMOSORB W - . &

-

For 'High Concentrations' (FID results) of pesticides

;tested, the decreasing order of response for the Chromosorb
J

W columns was

CW=HP > C-750 > CW-AW > CW-NAW > CW-AW-DMCS

-

The order of decreasing response for 'Moderate

Concentrations' of pesticides was

Al

‘

CW-HP > CW-AW > CW-AW-DMCS > CW-NAW > C-750. " -

The order of decreasing response for ‘'Low Concentrations'.

‘of pesticides was :

T

-

CH-HP > CW-AW-DMCS > CW-NAW > CW-AW > C-750

]
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.The aoverall average order for the three samp]e:

concentrations was /

/
CW-HP > CW-AW-DMCS > CW-AW > CW-NAW > C-750
o

CHREMOSORB G
a

-

The decreasing order of responses f0f>‘Moderate
Concentrations' of pesticides was : :

~

CG~HP > CG-AW > CG-AW-DMCS > CG-NAW
Fﬁr the 'Low Concentrations', the décﬁéasing order of

0 respoases was

CG-AW-DMCS > CG-AW > CG-HP > CG-NAW

\

The overall average for the low and moderate

concentrations was

\

CG-AW > CG-HP > CG-AW-DMCS > CG-NAW

CHROMOSORB P -

i

The order of decreasing response for 'Moderate
Concentrations'.of pesticides was :

’

i b
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" ' |
CP-AW > .CP-NAW > CP-AW-DMCS

From the thermograms in Section 3.1.1 the columns that ‘
gave the best response for 'Medium_ Concentrations' of

pesticides at all the column temperaturés studied were :
[~ . . L )

-

AN
LY

"~ CG-HP for iPhorate,
CP-AW fof Disyston;
and, " t - R "\ '

> CW-HP for Malathion..

4

e .

From the thermograms in Section 3.1.2, the ‘best columns
for use with pesticide§ at 'High Concent?ations“, at all the
column temperatures studied werﬁ

CW-HP for Phorate,
" CW-HP for Disyston,
dnd, )

., CW-HP for Malathion.

L )
»

The column that, overall, give.the best response for
' i ; o ' '
all the different/concentrations of pesticides‘studied in

'this project, using both ECD and ‘FID detectors, was CW-HP.

P
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changes in relative retention times were observed,.presumably

*For the' later runs (5th, 6th and Zth) it was observed that no

ok

128 '
. A study was made of the effect of repeated chromato-. ;

graphic analysis of organophosphorus pesticides on the life

time of a CW-AW column. (Co]ﬁmn 2 of Table (6)).

4.1.0°0BSERVATIONS AND RESULTS -

-

Seven consecutive runs were done on the CW-AW column
using the ECD detector, and six consecutive runs were done .

using the FID detector. A different column containing the

same kind of coated CW-AW support was used for tests with

each detector. The FID results were not useful for the

present interpretaﬁipn. No significant tailing effects or
because .of the high pestifide concentrations used. - The
following, therefore, represents data obtaiped with the ECD

[

detector. .

¥ . ' : «

The refative'retention times for Phorate, measured from
the solvent peak, are given in Table (32) for the first, i
third and sixth runs on the column packed with coated CW-AW
support. Similar }esults were obfained with Disysfon and
Ma]athion. It was observed that with each run on the column,

the relative retention times of all three pesticides (Phorate,

~Disyston and Malathion) increased. Also, as the number of . -

runs increased for the CW-AW column, the-tailing of chromato-

¢ Mk et .

graphic peaks obtained increased, the bleeding of the liquid

phase decreaifd, the recorder baseline became erratic.

\
.

.
[P . NI
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TABLE (32) : The Relative Retention Times (RRT)
V for the 1st, 3rd and.6th Runs for

Phorate on the CW-AW Column Usingf

' . the ECD Detector.
C . C
congN** RRT_OF RRT OF . RRT OF. '
TEMPERATURE . " 1st RUN*es 3rd RUN***  Gth RUN***
130 261.0° 293.0 *adsorbed
140 ' 179.0 196.0 *adsolsed ‘
150 122.0 135.0¢ 246.
. 160 . 87.0 95,0 .. 148.0
Co70 - 64.8 69.0 94.5,
- 180 47.0 51.4 \ 61.0
190 36.0 40,0 - 44,0 \
200 28.2 31.0 33:0
210 22.8 20,2, ©26.2
* ——»PhoFate was éongetely édserbed at thege

temperatures for the 6th run

s

**  ——deg C ’
, y ,
*xk ——smillimetres, ‘\“~\~<<f .
’ T ~
‘ e
o - )
? v
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response were ohtained at the Tower column temperature (i.e.,

at 130, 140 and 150 deg C), o : *
- Appendix (V) Fepresent the thermograms obtained for SixX
. . ' -~ 7 “
runs done with the ECD detector for .the CW-AW column, These

‘thermograms showed that with an increase, in the number of

runs the maximum response generally shifted to hiqper column

. temperatures.

4.2.0 DISCUSSION OF RESULTS

'

The shift in the thermogram maximum (T.M,) observed in
: X 4 o
the thermograms for the ‘three organophosphorus pesticides

(Appendix (V)) can be expﬁaineﬁ in terms of the bleed of the
liquid phase off the CW—AN~co]umn, and the adsorpfivjty of"

the support in the column,

f
LN

4.2.1 INTERPRETATION OF THE THERMOGRAM' TRENDS FOR
Y T N i

THE REPEATED RUNS ON THE CW-AW COLUMN .

Figure (18):shoﬁs the théﬁmograms\fbr the first, third
and sixth ruﬁ; for the pesticides Phorale, Disyston and |
Ma]athi&n. A1l three compouqﬂs shzwéd a similar pattern for
their thermograms, i:e,,‘as‘the numBer of funs”incheasgd the
T.M. shifted to.highék and higher co]umn'tempgratureg._ This

trend in the,thermograms can, be indirectly related .to the’

<{f‘\\ﬁu;%pleeding of the liquid ‘phase off the column. _As mpntionéd ot

. .

e o o e o
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temberature at which bleeding will. occur, Once b]eed1ng

Lo&cUrs, the ECD detector w111 decrease ﬁn sens1t1v1ty
M

-

N o ' W 131
PR ,

in Section 1,6,2 of Chapter 1 the PDMS liquid phases have a
r
wide range of mo]ecular we1ghxs and the 1ower the molecular

we1gh§, ‘@f the PDMS 11qu1d phase the. ear11er the coTumn .

\

l

towprds the,pest1c1d¢s tested (Section 3.2.3a). The f1rst

2 3 A h o

‘runs for all three pésticides gave thermogram max1ma at . , -

a /

relatively lower column temperatures, while the sixth run
» L4 .

for all pesticides showed T.M, at relatively higher column i
temperatures. ,  The reason for thjs is- that there occurréd a
greater 1iqsid\phase.bleeding duhfng the. first run because.
thgrg wenke ﬁore lTower ﬁo]écu]ar weight polymers present in
the 0V-1 1liquid ;hase at this stage, thanxQMring the second
to the sixth run’s. This being the ca§e,&§bg ECD detector T .
was responding to a high 1ihuid phase bleed at a reTétive1y

1ow column temperatuze durwng the f1rst run (thé Tower the

molecu1ar_we1ght]of ov-1 po]ymer present thé~]ower the

column temﬁérature at which*it was vo]atf]1zed off the

column). As-the column temperature %was ﬁncréased,during the

first run, higher and higher molecular wéight polymers
P
making up the 0V-1 1ﬂqu1d phase were vo1at111zed 6ffxcausing .

an additive b]eedwng effect. This effect caused-a reduced

ECD yesponse‘fbwards the pesticides.

“ o
When the second and th1rd runs were carr1ed out on the

column with the cw-Aw support there'were still po]ymer

fractions in- the OV-1 1iquid phase that had molecular we'ights

/
}
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, FIGURE (18X) : Thermograms for Phorate on a Column
’ Containing Coated CH-AW Using the ECD
Detector. .
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FIGURE (18Y),

-/

150

Containing Coated CW-AW Using the ECD

Detector.

v

)

’

210

TL°C

.

Thermograms for Disyston on a (Col

P

umn

1

K

o e Maas e



' a , 134
. MALATHION | "
F=
==
~
E
E /
< E=
s
< =
1600
~A
FIGURE (18Z) : Thermoqrams for Malathion on.a{ Colluinn
) Containing Coated CW-AW Using the ECD
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gimi]ar to what existed during the first run. However, the
amount of low molecular weight ?o]ymers remaining in the
liquid phase was smaller than in the first run, so that 1es§

" bleeding occurred at the lower column temperatures, and a

higher detector response was initially obtained for. Disyston

and Phorate. The T.M. for the third run was shifted, there-
fore, to a higher temperature,.

By ‘the time the sixth run (Figuré (18)) was carried out,
the low molecular weight polymers that were initially present

in the 0V-1 liquid phase had been completely removed from.

, ‘the column. This meant that only high molecular weight

. polymers remained on the column. Therefore, bleeding of the
liquid phase\cou]d‘on]y take place at higher column temper-
atures. This was what was observed for the s%xth run ‘on the
column packed with CW-AW (Fig&re (18)). From Appendix (V),
the‘T.M. for Phorate for the 4th, 5th and 6th run; were.195,
210 and 210‘dég C, respectivély. It seemed that during the
5th run and 6th Fun on the CW-AW column, bleeding'of the
same molecular weight fractions 6ccurred sipce the T.M. was
approximately fixed at 210 deg C for both’ the Phorate and
Disyston. .

. The thermograms in ippéndix (V) also indicated that

' the CW-AW column deteriorated as the number of runs carried

out increased. Iﬁe detector response at lower column

temperatures was generally lower for later runs. For

~
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example, for Malathion the responsesat a\co%ﬁﬁn temperature

Qf 170 deg C were 530.0 sq.mm, 400.0 sq.mm, and 0.0 sq. mm for

‘the first, third and sixth runs, respectively (Figure (18Z)). .

L 2 S e s

The explanation for this is that as the Tiquid phase was

lost from the column through bleeding,.more and more support

[P

surface became exposed to the pesticides. The pest}cides «
then interacted with the active sites on the suppo;t and ‘
were adsorbed. Malathion, because of its gréater adsorptive
property, showed a greater amount of adsorptivity toward the‘/
.CN—AN support. No Malathion was seen until a column : | \
temperature of 190 deg C was reached for the six%h run

(Figure (18Z)). Consideration of ‘results with Phorate and

*
Disyston led to similar conclusions as for Malathion

(Appendix (V)).

NPT, - S

)
.

\ Another indication that the CW-AW column became more
adsorptive with the number of runs carried out was- ' 1

demonstrated in Table (32). The ‘relative retention times :

.

‘increaéed fﬁom ohe “run to the next at all column temper-

atures studied. The increased retention times were related

N

to ;increased tailing observed for each subsequent run. For o 'l
- example, at a column temperature of 150 deg C the RRT for ?

the first, third and sixth runs were 122.0, 135.0 and 246.5

millimeters, respectively.

4.2.2 TAILING EFFECTS

-

/

Using’the relationship 10 (a/éb) as a measure of
- L
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tailing, as 'described in Section 1.8, Chapter 1,‘the

fai]inq factors for the chromatoqraphic peaks obtained at a
co]gmn temperature of 150 deg C were calculated. Figure
(19) is "a plot of the tailing of thelgeaks ve}sus the number

of runs for each peyficide tested on the column packed with

CW-AW. For all thrde pesticides there was a gradual increase

in tailing of their peaks with eachlsubsequent run. In this
figure a value of ten was considered go represent a trﬁ]y
symmetrical peak. Values greater than ten were considered
to represent assymmetrical peaks. Up to the third run there
was almost no indication of change in the column behaviour
towards the pesticides because the peak shapes remained
almost the same. However, from the fourth run to’ the
seveﬁth run, tailing of the pesticide peaks gradually
increased. Malathion was completely adsorbed by the suphort

material during the sixth and seventh runs at a column

- temperature of 150 deg C. Phorate and Disyton showed

drastic increases in tailing for the sixth and seventh runs.

-

‘The increased tailing of the sixth and seventh runs-for

all.three pesticides was a strong indication that the column

" had. lost most of the O0V-1 liquid phase. There was increased

iﬁterdction between the support surfaces and the pesticides
during the last three runs (Figure (19)).

1

However, ‘the thermograms for Phorate and D1syston
N

(Append1x (V)) showed an increase in response at h1gher

RS .35 W
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increased for the later runs (increased pesticide

139

'c‘o1u'mn tenperatures ‘f’or the Tater runs (i.e., the 5th and
6th). This higher response for the pesticides at higher\l
column temperature§ for the '1ater runs was due to a decrease
in the liquid phase bleed and hence an ‘increase in ECD .

detector resypon'se. N Therefore, even though peak tailing had

adsorption) there was better response fdr the pesticides at
higher calumn tempefatures. Malathion showed more tailing
than the ot_héir‘ “two pesticide§ during the first three runs.

If thé concept of thé s]oQér dif.fuéity of Malathion through
the 0V-1 Tiquid phase is true [102], the‘n the \grea‘ter tailing
of Malathion for the f1\;rst ;chree runs 1is exp]ain‘ed, i.e.,

the slower the diffusity through the 1iquid phase the

greater thel‘interaction with fhe supportﬁateria] and herice\
th‘e larger the taﬁing that wil1l be observed. ‘

Another reason why Malathion showed a Jreater ta‘ﬂing
effect at Tow temperature‘s compared to Phorate and Disyston
was because of 1its structure (Section 1.3, Chapter 1).
Ma]athi?n is a much more po]ér compound than Disyston ‘and
Phorate because it has more active oxygen atoms present in
it than the othe\r/ two pe§t1‘cl1'des. I\t is knovyn [18] that the
presence of' oxyg”e.nv'in a compound increases the possibiTity
of hydrpg‘eﬁ bonding with the -Si-0H group of the support.

Hence, the greater tailing and adsorption of Malathion that

‘was observed.

P
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N \ -
The explanations given above for liquid phase bleeding

in this project correspond well with the results repbrted by

Guild et al [87],and GMaham [88], in their study of Apiezon

L grease as a liquid f)hase. "These authors found that the
first run with Apiezon L 1iquid 'phase"'gave intense b]eegir_\g‘

at Tower column temperatures. Repeated runs on the Apiezbn' .

C ey e oh

L column caused the column bleeding to be shifted to higher

and higher column temperatures until a céﬂumn temperature

(180 deq C) was reached where b]e;ding aﬁway}s occurred.

The l/)/'leeding du'r\'in_q early runs was attributed to the

presence of low molecular weightl polymers, whereas, lthe:

bleeding that always occurredl af, a col1umn temper‘at’ure ofﬁ ‘ -
180 deg C was attributed to vaporization of hiqher.molecu]ar ,
weight polymers. These po]_ymérs had a2 small molecular ‘

weight range compared ito OV-‘l. | . : L
" Keppler et al [91] showed that poor quality silicone
polymers (those that contained,a reasonably high quality of

Tow molecular weight polymers) bleed at a rate of about 8 mg

per hour at a column temperature'of 210 defg’cC.

4.2.3 EXTENSION OF COLUMN LIFE
. The 1ife time of 0V-1 coated diatomateous support . o
columns could be extended if a column temperature of 160 deg

C or less was used for the'pe'stl'icides tested. At such column

/
‘

a
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températures only low molecular weight silicone polymers

_would bleed off the column leaving the higher molecular

weight polymers on the support surface. Subsequently,
repeated runs up to a column temperature of 160 deg C

would show less and less liquid phase bleeding, and higher

and higher ECD detector response for the pesticides.( The

- |
choi“e of a column temperature limit of 160 deg C was based

on.the data given in Table (31). From this table it was
clear that the ]oWesf column temperature at which any

thermogram showed a maximum was just over 160 deg C. At

column temperatures just'overl160 deg C there was observed,

norm&]]y? intense bleeding of the OV-1 liquid phase.

1

The‘gréphs in" Figure (20) demonstrate the performance

of CW-HP support in the case where the Ist run was regtricted

td‘a ma ximum column temperdture of 180 deg C. This figure

showed that the response of the second-run was increased by

a factar of about two and half times over that of the first

run. The reason for this increase of response was because
there was less bleeding of the Tiquid pHase in the second
run than in the first run and also there was a priming

effect during the first run. This same phenomenon was

. observed for the first and second runs on the column packed

"withCW-AW (Appendix (V)), where the first run was

restricted to a maximum column temperature of 200 deg C.

2
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-temperatures for each- subsequent run on the columns studfbd

surpass 180 deg C for the column ‘packed with CW-AW.

C rr-;$. S '~ C s

4.3.Q CONCLUSIONS : \

”/ .
< - . .
The CN-AW column studied repdatedly with the ECD  ° [

detector in the colhmn'tempe?ature range of 130 to 230 deg . E —

C showed signs of deteriOrafion after the third run was - .

carried out w1th the organophosphorus pest1c1des The
'y

b]eed1ng of the 0V-1 1liquid phase off tﬁe column was the
main reason'for the i:;;gqse of relative retention times'and

increased tailing of e pesticides. . a

°

Y

The shift of the thermogram maxima to h1gher column

&

3
.
ot et b b i ® e e

was due to the removal (dur1ng earlier runs) of‘]oWer" C e

molecular we1ght polymers from the 11qu1d phase in the ' s

-~

columns. . ‘ : .

A )

Deterioration of the columns tested couTd be partially
reduced by use of Tower column temperatures, i.e., a column v
temperature of - 160 deg C should .not be exceeded for the

ov-1i 11qu1d,phase. A pr1m1ng effect was obta1ned dur1€g

repeated runs when the column temperature was not allowed to - ‘
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‘f 5.1.0 0BSERVATIONS AND RESULTS.

The relative retention times (RRT) for -the three
organophosphorus pesticides were determined as indicated in
‘ N ‘.
Figure (21) on a column with CW-AW-DMCS support and a

column temperature of 180 deg C.

" -~

Lt e b Lo Ao Mt B st A il g R R =

<

e N -

Using equation (23) of SectiLn 1.9 in Chapter 1 the
efficiencies of the co1ymns used %ﬁ this study were
calculated (Table k3§)): Using equation (25) of Section
1.9 in Chapter 1 the resolutions of the columns weré
caTCuigted. , | . i . ,‘ :

-

-4 Most of the columns studied showed tailing at lower o !
column temperatures and.symmetrical peaks at higher “

column temperatures for the organophosphorqs pesticides.- : i
Figure (22) shows the change. in éeak shape as the tolumn |
temperatdra,was intreased forwthe column with C-750 support.
The s&mbo],T;F.,in.Figure (22) means 'ta%1ing factor'.

The fai]ind fgztor was obtéjned from the relation 10 x
(a/2b)'which was/desbribed in Section 1.8 of Chapter 1.
Figure (23{ shows a plot of tai]ingefdctor versus column
temperature of three columns with CP-AQ, C-750 and CG-HP
supports, usimg the coppounds Phorate énd-Disyston. The
"+ CG-HP column represents a ;olumn with smé]] tailing. Ihe

C-750 column represents a column with medium tailing. And /

\
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’ TABLE (33) v: Efficiency and Resolution 6f Columns
¥ af a Column Temperature of 190 deg C
| for the Pesticide Phorate;
. » f
COLUMN | |
EFFICIENCY °  ©  COLUMN
COLUMN ' (THEORETICAL PLATES)* RESOLUTION 3
CH-NAW . %8 - 3.05
COMAM_ BERTETI o 3.63 %
CN-AW-DMCS ‘ 20, c2.22 0T | é
CH-HP * o o oas B R
c-750 - e 1 N §
CG-NAW S0 3.18 j
CG-AN o 1225 L ,l 3.f§' :
ce-AW-DHCS T 1600 - : 3.85'K S é
CG-HP a0 2.01 :
CP-NAU - 888 .l L . :
TP-AW - o ez . 1 . 2.0 '
CP-AW-DMCS . 619 - 2.55 -
“Ultra-Bond 20m g \1024",, ‘ . 3.56

.. . I} *
. * —— efficiency per eight foot of column

[IL RV W T e

= . ! * . !

o T Radsls ST beracss 28, SR e w3
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the CP-AW column represents a column with large tailing. - A

tai]ing‘factor of 10 représents a symmetrical peak.

' 5.2.0 DISUCSSION OF RESULTS

The so]1d support in GLC plays a v1ta1 ro]e in column
performance. The phy51ca1 characteristics of the support
’SUCh"QS surface area, pore volume, pore size distribution,
particle size and ﬁacking characteristics, determine the
extent of peak broaﬂening [93].ﬂ

5.2.1 COLUMN EFFICIENCY AND RESOLUTION o

EFFICIENCY

The eff1c1ency of a column depends directly on the RRT

'and 1nverse1y on the base w1dth (spreading) of the
chromatographic peak.  The RRT of ah‘e1utéd peak dépgnds
mainly on the amount of liquid phase'diesent in the co1umH
.and on the degree of adsorption of the solute on the.
support [94]. The h1gher the liquid phase 10ad1ng on the
support; the longer the RRT. Also, the greater the -
adsorption'of the so]utgion the support, the Jonger_the :
RRT (Section 1.9.3 of Chapter ﬁ). _‘ | .

, | . 1 - ‘

The widEh at the,ba;e'of\an e]utéd peak‘depen&s on the

time the solute spends on the column. The Tonger theé RRT

, .
,

' . . , . N
L) : < : z -
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. i .
“on the column the broader the peak wi%th. It also.depends
on the poros1ty of the support [20,94,95,96]. The greater
the poros1ty of the support the broaﬂer the eluted peak.
|

Based on Table (33), some of the most efficient columns
were those with the Chromosorb G supports, i:e., CG-AW-DMCS
Jhad 1éoo plates, CG-AW had 1225 plates, and CG-NAW had 970

plates. Some of the least efficient icolumns were those

with Chromosorb W supports% i:er;“GweAw-DMGS;hadn420Wp1ate&
and CW-HP had 476 plates. The Chromosorb P supports had
intermediate effitiencies, i.e., CP-NAW had 888'p1ates and
CP-AW had 632 plates. These resu]ts were 1nd1cat1ve of the
amount of liquid phase present 1T the co]umns The i
Chromosorb G supports contained an average of 0,197 gm of
0V-1. The Chromosorb P supportsrconta1ned an average of
0.154 gm of OV*1 ' The Chromosor$ W supports conta1ned

.an average of 0.094 gm of OV-1. ‘As mentioned before, the
]arger the amount of 11qu1d phasé in the column the - 1arger
\the RRT and hence the greater the eff1c1ency Some of the
inconsistendies in efficiencies seen in Table (33) (i.e.,
CW-AW and 6-750 were much higher than other Chromosorb W
columns, and CG-HP was lower than other Chromosorb G.
columns) can be accounted for Whenhone takes into
consideration the tailing of some of the eluted peaks.

~ Tailing decreased’ the accuracy of estimating peak widths: at

/
the base, hence, an under-estimation of the column

-~

é¢fftciency may have resulted. Another reason for the

.
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N .
. . \

1nconsmstenc1es in eff1c1enc1es cou]dchave been the way 1n

wh1ch the columns were packed [937. A poorly packed'column,

gives a broad base width- for an e]uted peak whereas a

.properly packed column gives a small-base width for the
. . X e "l

same eluted peak.

RESOLUTION

Y
-

The columns that separated the three organophosphorus

best1c1des best were those with the. supports C-750

(reso]ut1on of 4.51)} CG-AW-DMCS (resolution of 3.85),

s

Ultra-Bond 20m (resolution of 3.56) and CW-AW (resolution

of 3.63): The three worst columns for separating the

organophosphorus pesiicides were those with the supports
CP-NAW (resolution of 1.24), CG-HP (resolution of 2.01)

A ~

and CP-AW (resolution of 2.20).

5.2.2 TAILING OF COLUMNS ,

.-A11 of the co]umns studied in this prOJect showed N
some degree of ta111ng Figure (22) grwes the shape of

peaks for Disyston at e1qht column temperatures. The

shapes of these peaks were typical of those on other columns
that gave tailing peaks. Altenau et al [97], in their
temperature studies with a parbowax'ZOm eolumn,-found

¢ >similar shape peak patterns to those shown in Fiqure, (22),

for the solute n-pentane. The increase\ii\izTTetry of the

ot
Y

’ /
o '

4
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Dis)ston peak on C-750, as. the column tehpefature increased,
can Qf/gttributed to a.decrease of adsorption of the
peéticide on the support materiéll ‘Therefore, the
adsorptivity of the support material can be evaluated by
using the-taiiing factor of the pesticide peaks [98]. 5

The columns studied in this thesis are classifiéd
according to the degree of tai]iﬁg obtained at a column
temperature of 150 deg C for the pest(cides Phorate and
Disyston (Table (34)). Théfe were' four main categories.
Group (a) includes supports fhat had the Targest tailing
factors (T.F. greater‘thanIBO), i.e., CP-AH-DMCS, CP-AW and«
CP-NAW. Group (b) includes supports that had medium-
fai11ng factors (T.F. between 30 and 18), i.e., CW-AW-DMCS
gnd‘C-750. iGroup.(c) contains fupports that had small
tailing factors (T.F. bétweei]8 and 12); i.e.,uCG—HP:,.
CW-NAW, Ultra-Bond 20m etz. Group (d) inqﬁudés supports
that had negligible tailing faétors (T.F. less than 12),

- i.e., CG-NAW, CW-HP and CG-AW-DMCS.

”

+  The large .tailing of the Chromosorb P supports was

‘ expecfed because of the greater number of active sites [18],

and the areater surface area of this suppo}t [22] compared .

to the Chromosorb W and G supporis.

1

The Chromosorb ¥ supports showed inconsistent tailing-

"factors.  CW-AW-DMCS and C-750‘were predicted, from the

\

, .
.
e
,
e g

2 et e A, s e b
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TABLE (34) : C]assificatioq of Columns According to the‘Tai1iQ9

™

? Factor, at a Column Temperature of 150 deg C, fo?fthé
Pestfcjdes Phorate énd’Disyston. o
o PHORATE " DISYSTON
COLUMNS - " (TAILING -FACTOR)  (TAILING FACTOR)
(a) Large Tailing
(*T.F. > 30) ‘
.TP-AW-DMCS - too large 3 too large’
CP-AW :100.9 © 833,
. CP-NAW . 31.7 C 470 '

(b) Medium Tailing
(18 < T.F. '< 30)

CH-AW-DMCS 27.3 297, .

es0 250 28.3 ‘

.(c) Small Tailing '
(12 < T.F. <18), !

CG-HP . 4.5 - 17.9
CH-NAW 14 15.6.

- Ultra-Bond 20m - 133 115.5"
CW-AW B . 125 .0 13,750
CG-AW o 12.2 - 2.3~ |

(d) Negligible Tailing . ) \

(T.F. < 12) ' L . S
C6-NAW 110 1.5 )
CG-AM-DMCS 4 10.8 10.8 " |
CH-HP 10.3 " 0.5

*, -->"T.F. means tailing factor

/
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literature, to be more inert than the Chromosorb W-NAW and
‘w-Aw supports. However, this was not the caée’in‘this study.
One explanation for the unexpected tailing of the Cﬁromo- Q
sorb W supports (other than,WéHP) could be Ereakage of tﬁe'
support particles during packing aqd,‘hence, exposure of .
more active'siteé 1ead1ng-to.the~fncreased tailing of the
pesticides. Anothér explanation for the unekpected fai]ing

of the Chromosorb W supports could be incomplete coverage

. of the support surfaceswith liquid phase (Section'1.6.1 of

¢
~

‘Chapter.l).' [u ' .
\
The Chromosorb G supports were, overall, as ajfami]y,

the best supports for inertness towards the organophosphorus

i

e

pesticide;. These supports have low surface areas and few
active sites compéred to the Chromosorb P éupportsn Also,
" because of theirhhigh’density, phromosorb G supports‘accept
a higher amount of liquid phase on their surfaces than the
Chromosorb W supports (Tgble (2) of Chapter J). Thé
combined-desirab1e 6ua]ities of the Chromosorb P and
Chromosorb . W supports built into %he Chromo;orb G supports

kY

made them more inert towards the organophosphorus pesticides.
‘ ; N
. ' ¢ . ) . ’ o '
The be%t single support for inertness towards the

A

pesticides (Table (34)) was the CW-HP.
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5.2.3 CONCENTRATION EFEFECTS

5 v ] -
. , lé_ , K ~ ‘ « " P
N . .-The chromatooraphic peak shapes caﬁ vary with the
. LY -
i - concentration of pesticides 1n3ected into the co]umn In our
“"f““- # v
study it Was found that the pesticide concentrat1ons used in

~

W

> the ECD study weré small. enough so as "to make té111ng ev1dent

(Tab]e (34)) ‘On }ﬁ; other “hand, the" pest1c1de concentrat1ons

‘w
used in the FID study were large enough to overwhe]m ta11“ng

I This phenpmenon is described as a c0ncentrat10n eﬁﬂecg.
i S - ’ ) .
) Figure (24A) shows the chromatograms for Phorate at two

P

column te&peragures, i.e., 1306 and 140 deg C. The peaks

-~

obtained with the ECD detector And the FID detector, with
vs]ativeJy léw &nd high“concentfalions, Fespectiyé]y, wéTe
piaceg oppo@ite each othgr‘fo%.easy comparisonmof Eﬁe degrees
o%’tai]i;g."The concentr;tion of Pho}ate used for the ECD
ana]ysis was 8. Zgbnanodréms,'ahd the concentration for fhe

' . FID stU?y was 3.50 micrograms (about %00 t1mes larger than

K

hs

that for the ECD tests). This d1f¥erence in Pﬁorate
. [ e

concentration caused the d1fferences in peak shapes [89],
i.e., large tailing of peaks observed'with the ECD'detechr,
and s}mmetrica] peak$ observed with_the FID detector.

94

. 'Bécauselthe amount of Phorate used for the ECD efudy

- /’

.- was so small, the adsorpt1on ?ffects of the support material v

A

- in the column were detecfed by the very.sensitive ECD A
‘% detector. ) |
N ) . .
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Disyston Showinag Coﬁéentrétion Effects a% a

Co1umn Temperature of 340 deg C..

Y

(8 76 ng

x
v
)

Phorate and 23. 26 ng Dlsyston for the ECD Study,

3. 50 ‘ug Phorate and 6.28 ug- D1syston for the
‘.

FID; Study.
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Knight, et al [98], found in their study of the

chromatographic,behaviou;‘of water phat'thg'best way of‘
reddcing tailing was to avbjd the concentration region. -
where the édsprption isotherm is3strong1y curved. Also,
undesfrab}g tailing effects cou;d sometime%pbe overcome by
priming the column with compounds that were similar to the
compounds to be»anaiyzed. This. factor could have decreased
/ &

\ &
; ' the tailing ebserved for the ECD results in Figure (24A)

L
if it had been carried out.

' b 0 .
A similTar explanation holds for t&e chromatographic

peaks for Disyston (Figure (24B)). *-g'

i
(2]

s . . .
5.3.0 CONCLUSIONS ' ‘ ’ ' .” -

- . =

p , . ) , : .
Only the results of ahalyses with the ECD were ‘used to

obtain a measure of the performances of.the columns studied.

‘Thé two main factors thyt contributed to the
performances of the columns were, (a) the amount of liquid
phase preseﬁt in the column, and (b) the way in which the
columhs were prepapfd and packed. The degree of tqi]ind o%

peaks ‘on the colufins affected the accuracy of interpretation

of resu]té.

e~
[y

The chtegory of Rup orts that piﬁformed besf'oweralll

.

were the Chromosorb G|supports. fhes subporté were among -

% t . ' ~ :

-]

™

¥

.

. N -
1 paracn D ] M LU LI e g
- '

e By Fo

POTe N I U T

i T

bt



‘

163

!

\ ’

“the best in terms of good efficiency, -good resofution, and

small taiTing. The best Chromosorb G support was the

C6-AW-DMCS. , , ' s

£

The éupport that individually performed the best was
the CW-HP support. This support should be the first choice

for the analysis of organophosphorus pesticides..
. ' i

’

From this study the Chromosorb P supports should not

S

be used for the anatysis of.organophoéBhorus pesticides

o . <

because -of the large tailing observed. =~

2T haneats

\ ' ) b -

. 'If the Chromosorb W supports are to be used for

orgahophosphorus pesticidq analysis, then, a better method

4 B SEKELE SR R

‘should be used for,pack{hg these supports. Because of the
high percentagé 6f breakage of these‘supports durinj ;(/ﬂ\:
packing in the Eo]umn, very inconsistent results were / |
obtaineé with them. The CW-HP support was very good, while
the other Chromosorb W supports weré relatively poor . '
acéordihg to T.F. data. One.coﬁ1d conclude, thén,mtﬁat the

CW~-HP support is mdre.friable than the other Chromosorb W

PR T

supports. . N © L S
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6.1.0 OBSERVATIONS AND RESULTS

- The relative retention times for the pesticides :
chromatograbhed were obtaﬁned as dgscribedfin Fiqure (21)
in\mhaptgr 5. Usimg these RRT the specific retention
.volumes (Vg) were calculated qccord%ng“to equation (12j of

Section 1.9 in Chapter 1.

-

G e e T

For.each column studied a graph was plotted based on
equation (31) of Section 1.10 in.Chapter 1, i.e., log (VG)

- versus the inverse of co]umn‘témpgrature. Figure (25)

-

represents a typical plot for the pesticide Phorate.

It can be .seen from Figyre (25) that there are two

R A P
-

s]oBe§ inlthg graph. The slope AB was used to calculate
“the heat of adsorption ( AHAB) of Phorate on the column,
between the column températures of 130 and 190 deg C. The

slope BC was used to calculate the heat of adsorption

BC)

(AH of Phorate on the column between the column temper- f ;

atures of 190 and 230 deg C. Similar calculations were
done. for the other columns for the three .organophosphorus
pesticides. Table (35) lists the heats of adsorption for

<

/the twelve columns, and Table (36) list the heats of -

w.J

-.adsorption for the seven runs on the CH-AW column.
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FIGURE (25)

/T K x 10

' A Plot of the, Logarithm of Vg (m1/gm) Versus t

it 35

the Inverse of Colu n“femperature.(deg K) - AN

for Phorate Using the Column with CW-HP

~
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" *liquid phase’ Po]y(2—hydr0xyethy1methacry]ai;e). He

stationary phase.:

6.2,0 DISCUSSION OF RESULTS

\ . 2 . h
The liquid phase, OV-1, used in this projest was a solid

both at -room temperature and at elevated temperatures (510

degj C). For solid 'liquid phases', the slopes of the graph

shown in Figure (25) are as expected [99,100,101]. Guran

et al [101] found tha't when tﬁe solfd, AgHgI4, was used as &
support\i’n GSC analysis, there was a solid-solid change, ‘j
i.e., the AgHgI4 s0lid changed-from a.ye],]ow powd%r' to an

orange powder at 51 dég C. The change from one solid to : ' y
another solid was usually-accompanied by a point of ) )
inflection in the plot of‘]og.(vg) versus inverse column

temperature (e.g., point B«in Figure (25)). .Hradil [100] | .

also observed b'l‘ots similar to Figure (25) for the solid

. Bk s e * -

attributed the inflection point of the plot to the glass
transition temperature of the polymer. Purnell [99'], in a
general discussion, attributed the shape of graphs such as

"

that in Figure (25) to the solid-solid transition of the ‘ ,

/

a

.
R e

Since the pesticides were separated on a solid station-

AR G 2T -

ary phase (0V-1) there was adsorption taking place rather

than partitioq. Hence, the heats calculated. from Figure (25)

were called heats of adsorption. -

)

vt

Figure (25) indicates that there was greater adsorption, . .

f . \ . .Q
, _
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of the pest'icid\es on the statior{ary' phasé at Tower column
temperatures (greater slope AB) than at hig@er column
temperatures (smaller s]o;;e BC). At lower co'l’ﬁmn temperatures
the stationary phase 0V-1 was a compact solid whereas at
higher column temperatures itawas a swollen so]li.d. ‘The
.change from a compact solid to a swollen solid can be the
reason for the inflection point at 8 in Figure (25). Further-
more, the swollen solid ’would have more solution properties
and less adsorption properties for the pgsticic‘i‘es. Hence,
"the decreased slope for BC in Figure (25). The heat of

HBC

adsorption for BC, (a ) was always less than the heat of

~adsorption for AB, (AHAB).

. g : .

From Tables (35) and (36 it was clear that: generaHy’\,
Malathion had ithe highest he ,’t of adsorption, foH‘owed by
Disyston and then Phorate. Thesy results were not 'surpr‘ising
since it was established in Chapter 4 that Malathion had the
Towest diffusivity through the 1iquid phase, followed by
Disyston andvthen Phorate [102].  This Tower diffusivity of

\ Malathion through the OV-1 liquid phase. -caused it to be
 retained ;anger on the column and hence it experienced

greater adsorption by the support material..

No consistent correlation could be obtained between the'
detector response (peak areas) and the heats of adsorption
in>Table (35) for the-columns studied using organophpsphorus

”

pesticides. \ ‘ .

o unW
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N . y
Aplot of V_ versus column (Figure (26)) showed that

eta

the meAc‘nanism for retention volumes d¢id not depend only on
the stationary phase OV-‘I » but‘alsb on a«dsorption of the
pesticide on the support material. If adsorption of the
phase“had’ been the only means by'ivhich the pesticides were

retained on the column, then the s~pec1'fic retention volumes

would have been t‘he same for all the co]ufnns [94]." However,

this was not the case and hehce adsorption of the pesticides
o\n the support materig] was also taking place. Tailing of
all the columns, as discussed in Chabter, 5 (Section 5_.2.2),
reinforces th‘is' fact: :
Theldata.'in‘.Tab1erz36) for the seven “runs of péstici des
on the column with CW-AW support give a general ‘indication
that adsorpt ’ion,oﬁ the besticide; on the CW-AY support did

/

occur. Adsorption was more pronoynced for the 5th, 6th and
. . &

7th runs as shown by their increasing heats of adsorption,
f.e., for Phorate the (aAB) for the 5th, 6thand 7th runs
were 13.9 , 18.0 ang 18.7 kcal/mole, respectively. These
increased heats of adsorption a'1so corgesponde.d with the -
increased tailing obser\)ed for the 5th, 6th and 7tvh\'run‘s or;

l}his column (Section 4.2.2 of Chapter 4)% Also, the heats

(
of adsorption for the first three runs on this column were

almost constant. The avws);for Phorate was 13.2
t

kcal /more, for Disyston 14. ll kcal/mole, and for ‘Malathion

17.0  kcal/mole. The tailing factors for the first three

' : N :
runs on this column were also approximately constant

~
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Spectfic Retention Volume, v, (ml1/gm) Versus
Co . f s , g
Column (Indicated by the Name of_ the Support

in the Column), at Column Temperatures of

!

160" and 170 deg C, for the Pesticide Phorate.’
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(Section 4.2.2 of Chapter 4), These facts for the first

[

'ihree.runs on this column indicate"that‘there was not much 3/

‘

_Change in" the number of actlve 51tes which caused adsorpt1ong\

-

and ta111ng of, the pest1c1des “ S
SR, \ 'y

6.3.0 CONCLUSIONS o

.0f the three- organophosohorus pesticides tested, e\“\

\
Ma]atﬁ1on showed the greatest amount of adsorpt1on for the‘

~

® column supoorts, based on the (AH ) values. Disyston <a§ .

adsorbed less than‘Ma]ath1on on the suppprt materials, but

[ . N . v
. . '

: mbre'thag Phorate, ’ :

. b

e ety ey N
-Ihe (AH va]ugs for each pest1c1dé were not very .

different for the d1fferent co1umns (Tablds (35) and (36)).‘ -
Phorate had an average LANAB) of 11.4 kc 1/moTe, Disyston
had an average value of 12. 71‘kca1/mole, and Ma]%th1on had

an aéﬁrage value of (AH ) of 13.8 kca]/mo]e for the %we]ve .
S/ \ — .

colufins in Table (35). \

T “ ) . \ B . 3
. \
v . - . -

ngqthe (AHAB)"values indeed 'give an indication of the
amount of adsorption by a supporf for the pesticides, then
the co1ﬁmn§.with %ﬁe.Chromosqrb‘P suppo?ts»were the most
adsorptive Tab]e (35) shows that ‘the Chrbmosqrb P éupports”
AB)

have unusually h1gh (AH values. For example, for Phorate, “ﬁ\

the columns with CP-NAW, CP-AW and CP-AW-DHCS had (a"By .
.values of\]4.4 ,‘16iT ,aﬂdr19.6 kca]/mdﬂe, resoect1vef;;A
o s
, « . - | —
e R
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" ~The average (aH
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B) for Phorate 'was 13.8 kcal/mole for the"

other~columns in\Tablé (35). . Aéain”the Chromosorb P supporfs

7 b

‘proveds to be poor for the analysi% of orgaﬁophosphorus

-

pesticides. : <
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. \ ¢ > ( ‘ . . /
.. ) Thg overall rank for the three sample concentrations

tested ('H#gh Concentration', 'Medirﬁfzgncentration';‘dnq,

'Low Concentration') of organgphdsphprus ﬁestiéidés on the

s , L . . .

columns made with the diatomateous supports were as follows:
. _— ! y ¥ - . + . .

lad
-

! ' (a) For the columns made"with the Cgromosbrﬁ W family

of supports, the decreasing order of'response was,
14

CH-HP > CH-AW-DMCS >.CN-AW > CH-NAW > C-750

L

v

. (b) For the coblumns made with the‘Chromosorb.ﬁ family

} : : . .
of supportsy the ‘decreasing order of response was,

o 3

T
CG-AW > CG-HP > CG-AW-DMCS 5 CG-NAW

rd
?

. 3 - B
. {c) Forthe columhs made wWith the Chromosorb P family
of sdpports, the decreasing %rder of re&pdnse wa§,
’ . !
N ’ ‘ * ' B
CP-AW > CP-NAW > CP-AN-DMCS TR
. ' - ' - r
The column.that performed the best when response,
“tailing, efficiency and resolution Qeye taken into

L4

considqrafion, was the CW-HP column. The worst cdlumn based
on thé'above considerations Qas CP-NAW.

{ A3 -
 J

. . s ’
The temperature study of organophosphorus pesticides

'
[

' ' e
showed that the factors that contributed to the variation of -

[N UM PPy



"

detector responses that wese observed were:

S . T

3

¢ pl

'(a) the adsaorption.of the support materbals, . ;

* ¢

. M . o !
(b) the priming.of the columns with the pesticides used

»
i et Bhansnd S St BN ST e 3o s
’
‘.

' as test samplesy ' L . " . I

£

and, ’ ¢ . : . . , :

(c) the bleeding of the sfationary phase used (0V-1).

*
&
b .

Using moderate concentrations of pesticides, all

.

,supports'studied showed some degree of tai]ing. lThe‘
Chromosorb P supports had the highest ‘tailing factor, thus
1nd1cat1ng that these -supports had more act1ve sites than
the other two. Chromosorbs (G_and N). ‘The Chromosorb G .
supports showed-the least tai]ingfand_heneefwexeuthéflgasiﬁw‘ R
adsorptive. Swome of the spgdifﬁc.supports that gavesa1mdst
symmetrquf peaks were CG-NAW, CG-AW and CH-HP.

Of the three organophosphorus pest1c1des tesled ' o
Malathion showed the h1ghest degree of aJ&orpt1on for the
support mater1als.useg (the Targer the ta1]1A€ factor the
gheater the adsorption.of the co]dmn) Ddsyston showed )
medium adsorpt1on and Phorate showed the 1east adsorpt1on

It could be suggested from th resu]ts that Ma1ath1on had

the slowest diffusity through the’ Tiquid phase (0V-1), and



3

hence, it resided ]pﬁger on the support material and Was

* . PR
'

therefone adsorbed thé most. . L.

- 4

Since tailing was observed for all of .the column's tegted

with organophospho?hs pesticides, there must have béen at|
least threé'méﬁhanismg contributing to the relative retention

times and resﬁonses,ébseryed (i.e., (1) adsorption of the

‘statiomary phase (0V-1), (ii) adsbrp%ion on the support ‘

materiai,'and (iii) interfacial adsorhtiom. Therefore, the'

¢ . '
heats\of adsorption (AHAB) and (AHBC

) discussed in Chapter 6
could hot be used to interpret adsorption on the suppoft
material pnjj. Rather, this data must have been represent-

:

ative of three of the -forms of adsorption.

The multimaxima observed in the FID detéctor_therﬁo-

'gf}ms can be attributed‘to bleeding of the 1iquid phase

Ce

which created new active sites which were subsequently™

prihed with the besticide_ samples. With fﬁ{ﬁ detectoﬁ,
less adsorbtive effects were evident compared -to what was
observed with the ECP detector since much more concentrated
pésticides'weré used for the FID tests.

‘LThe response of the ECD,detector was affected as well ¢
by the bTeediné and nepriming'process descriped above fof‘
the FID tésts.l,In addition, response of the ECD\was reduced
whenﬁ]iquip phaseﬂz]égdipg took1p1ace.‘ Jhe reducéd‘
response was attributed'tola ;;;letﬁﬁi&g remona] of electrons

e

;o



]

) the/pesticides after the -thermogram maxima were observed.

. _ I 179

\

by the H'qu'iquhése_afahd"the‘ besti Gidés in the ,d'et.ectoxr cell.

‘ A’E coTumn temperat?wes ab'ove that, at wh'ich 2 responsa maxima'.

was observed on the ECD thermograms, th\:a hqlhd phase b]eed

"

1ncreased a]most exponent1 aHy Wi th an lncrease in: co]umn N
- r o N

temperature® Hence, exponential deqrease/s in response for

‘ -

* » -
,ar,’fi’ K.

-

)

No corre1at10n could be obta1ned between the ECD and
FID response data for or‘ganophosphorus pe§t1c1des~.,‘ Th1s was
not’ surpr1s1ng since these detectors operate on different Y
principles and the-r'efore varying expeerental cond1t1ons \

affect them -d1ffer_egj1y. However, the.thermograms for

.Lindane had simi]ar\#'hape's with;Both‘detectors This .

’

similarity 1n response can be exp]amed if 1t is assumed

that. Lmdane reacte/d with the liquid phase in the column, !

and 1f the ovV=17 hqu1d phase d1d not b]eed suff1c1ent1y

R

- at the co]umn temperatur‘es 1nvest1 gated to affect the ECD

responses.. ., ,-,\vs )

) l X ! . ’ - - . -

- ’ .
It was found that a column wi tha3 5% (W/W) QV—] on

TH-AW support began to deter1orate after about the . four'th
chr?matograph]c run mth the,organophosphorus pest1 c1des.
Increased %aﬂinq factors and'relative re'te\nﬁon ti)rqgs were
used gs cr1ter1a for‘ deciding when a, column smw -
detemorate.' This conc]us1on shou1dJa.pp]y “to the other

co]umns stud1ed,§m this thes1sk, . . ':/

N
. .
' -
5
N

R nr i
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. Jheorettcally, if all experimental yariables are kept - -~ ° -~ {®
constant, and 6nly the column température is changed.,: then,
the peak area for a pesticide should be the same at all o
temperatures (irrespective of peak shape).. Howéver, this .
. ; . , -
* hypothetical situation was never realized in the GLC tests - ;

) » i .

- N ! t . . P v *
carried out in this‘project. The so called 'fixed . .
experimental riables' were actually varying with temper-

. .o o0 . . oo . . . 2 I '
ature (e.g., cotumnpleeding). “Hence; the pesticides' peak ,
e ! . . )
.area varied with column 'temperature. : v ’
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IneChapter 3 it was coﬁé]uded that one of the factors .

that reduced the ECD response for éhe organophqsphorus . ;"

. L 4 '
pesticides was bleeding of the liquid phase. This

Feduction in respons’e was arqued to be due tb a éompetition

a

between the bleed1ng ]Tqu1d Bﬁase and the pest1c1des for

the electron populat1on present 1n the detector It is

possible tmpt*1f a greater electron concentration was .
present in "the detector, sufficient electrons would be

" »
present for comp]ete 1nteract1on w1tn the pest1c1des ‘ ding.

to kigher res%onses Th1s hypothes1s cou]d be tested\by

1ncreasing the electron population in the‘detector pe haps
by reduction of the t?me interval’ between pulses.

'
“v
"’ » 3

In'project§ where more than one kind of detecforxmust
be used because of instrument availability Timitations, the

same concentration of £e§% compounds §h6u1d be used fn all.

i)

cases. In this way effects due to differences in concent-

. a ~ e

ration will be e]imina;;ﬁ and a better comparison will be

obtained betweeh resulgs with different detectors. These

detectors should be part of the same instrument so-that the:

same' extra-column.effects will be encountered.

1

. N
’
‘ 4

An investigation should be carried out to determine

a

the amount of ‘liquid phase actua]ly lost from the type of

co]umn §tud1ed 1n this thesis, This could be done by

:preparing ten co]umns, doing one run on the f]rst, two runs .

on the second, and so on. The packing from the first few
‘ N

v '

™
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"4 nches of -each column should .th_en be removed a‘ndlth'e 1.4 quid

phase recovered by extraction using‘ a~soxhlet.apparatus, A:
plot _of'“]iqu\,?"d Ehase loss versus ‘the number of runs would ‘
give an %ndi@ation of the rate of. deterioration ef the
c'pi'urhgs. The reason for testing fhe first few inches of

packing is that Tiquid phase is lost at a faster-rate from
' - ' - . . )

the inlet part of the column than from the outlet part of '

the column [103].

’

. . \\ . 3 ¢
To determine™jf./lindane does in fact react with OV-17 .
1iquid phase, an experiment.cbu]d be carried out to extract

the liquid phase from the packing after ‘Lindane analysis.
The }*esique from the extraCct should then be a'r’la’lyzed for

. ) v ' ) . .
traces of Lindane or its by-products.

-
[

The Tiquid phases OV-1, 0V-101 and SE-30 are all

polydimethylsilicones with different molecular weigﬁts. As .

the molecular weights of the polydimethyisilicones increases,

their viscosity increases. 0V-101%has the lowest viscos_ity,

SE-30 Has ‘medium viscosity’, and V-1 1is a solid, From this

“thesis and' the publications by Lindgren et al [36], there

are indications that the viscosity of the liquid phases
.detérmine‘s how .fgst the organophosphorus pesticides

diffuse into and out of them. The higher the viscosity of a
11’q,u1'd‘ phase tﬁe s lower thﬂe'rafe of diffusion through it.
ov-1, thérefore, should have the slowest rate of diffusion

for. the organophosphorus pesticides. The diffusion rates -
' ®

<
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for these three phases should be studw{ed since the slower _ :

the d1ffus1on r'ate, the gr‘eater the possibilify for = =~ . . L ‘

-adsorptlon of the pest1c1des on the ‘suopor‘t The taiHﬁg o {

factor can .be used to determme the degree of adsoﬁ’ptwn. o
- ' '1 4

To obta1n a true comparison of the adsorptwe effects 5

of d1fferent support mater1 als, columns should be made-with ‘ ’

bare support (no 11qu1d ohase coated on the support) In %

"this- way a better correlation could be made between ’j

.adsorption of supports “and detector nesponse of oestic"ides. — >

A]‘so, a b\etter correlation could be obtamed between ta111ng *

factor and adsorp'm ve effects 2,;

’ . ' ; !
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" GLOSSARY OF SYMBOLS L
B ' N
‘ . e > '
A - Area of a chromatographic peak
‘(Ni - Total Surface Area where Interfacial
: Adsorption Takes'Place- R -

CG-AW

CG-HP
CG-NAW

b4

0G-AW-DMCS

. CP
' CP-AW.

CP-AW-DMCS

CP-NAW
S oW
CH-AH

.

/

i

CH-AW-DMCS -

14
CW-HP
CW-NAW
C-104
C-750 °

’

Total Surface Area where the Adsorption
Takes -Place on the Support. ' - - .
Chromosorb G '
_bhromosorb G Acid‘ﬁashed

Chromosarb G Acid Washed and

Dimethyldichlorosilanated

. Chromosorb G'High(Pgrformancé d
Chromosorb G<Non-Acid Washed |
Chromosorb. Pink . _z”*f’

Chromosorb Pink Acid Wasﬁed

Chromosoyb

Dimethyldichlorosilanated L

Chromosorb

Pink Acid Washed anq

Pipk“%;n—Acid‘washed,
)

J
Chromosorb.wéite
. Chromosorb White Acid_Washed

Chromosorb White Acid Wéshed and

£

Dimethyldichlorgsilanated

r
Chromosarb White Higp‘Performance

N

Chromosorb White'Noh—Acid Washed
; ,

Chromosorb 104

"

bhromosorb 750

Dual Column
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deg. C
deg. F
ECD

CFID .
6C

GLC
GSC

BC -

AH . 5’

Degree Farenheit | B

-
.Flame Ionization Detector ' %/////ﬁ

'Gas Chromatography . e
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Degﬁée‘Centrigrade/

.

e et et 5 1 e
e -
Tre— S

g o e 540

Electron Capturé Detector

Flow Rate of Carrier Gas

Correction Factor for the Pressure

Gradient in the Column \ &

Gas Liquid Chromatography

Gas Solid_Chromatography

Height Equiva]ﬁnt to a Theo#gtigg} glate
Heat of Adsorpﬁion.Betweén‘tHe Column
Temperatures A and B | : o
Heat of Adsorption Between the Column
Temperatures 8 and C

Heat of Adsorotioﬁ g oW

N \ .4 o
Height of a Chromatographic Peak

~

Standing Current of 'the Electron Capture

: \#7 | : | .;

Coefficient of Electronic Adsorption N

Detector oo - |

Partition Coefficient for Intéffacial 2
Adsorptionﬁ ' - ‘ :é
Partjfipn goeffib$ent'fof‘fherSolid : E
bSuﬁﬁort . j ‘ ‘ , 'f: P
Partition Coefficient L s T o ' #‘ué
'fhe Do;e of Pesticide Reguiréd'to Kitl, | . P 5
‘ . S g

50% of the Population of Test AHima]s'
. \ ’ )
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~ Number of Theoretdical P]a?es of a Colymn ’

- Nanogwam

-~Qutside Diameter

A

}icograﬁ"

A

‘Resolution

2 4 .
- Single CS]umn

'. .
"~ Stainless Steel

] .
Polydimethylsilicone °

»

- Column Temperature .

. 7
-~ Tailing Factor ,

- Thermogram Maximum
ek

- Recorder Chart'Speed

- Retention. Yolume

y

- Spégific Retention Vol

o

CHroma;ograﬁhic Peak Area-

Relative Retention Time

J

a7

ume

- Volume of St;tionary‘Phé§e

y

'

-

- Net RejatiVegRétent{on Volume

- Weight of Stationary Phase

- Microgram

croti
- Microlitre

.

*

W

\

Pounds per Square Inch on Guage .

T,
-

%

%
:
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. Thermograms for the 2nd Run of»£é1umns
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APPENDI X (I1) g
Thermograms for the 2nd Run of Columns Tested .
l ’Using the Flame Ionization Detector
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IDENTIFICATION -OF THERMOGRAMS :
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Note: The Curves,A,‘B and.C are the Thermogkams'fby

Phorate (8.8 ng), Disyston (23.3'ng) and~ ~

Malathion (11.9 ng), respectively.
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TABLE (13) : . Classification of Chromosorb W Supports
Using. High Coricgni:rations of Pesticides.
(P%ﬁk Area of 2nd Run at 150°C). -
HP_ | QMCS NAW @) Aw 750 |
DISYSTON 740 490 620° 590 . 680 -
RATIO 10 | 6.6 - e.4 8.0 9.2
[}
PHORATE 610 390 520 © 490 590
3.5 UG '
. RATIO 10 | 6.4 | 8.5 8,0 | .9.7 '
MALATHION 710 |, 520 230 | 410 660
11.86 UG
RATIO 10 7.3 3.2 [ 5.8 | 9.3
;
I ! ‘m
.

ke o




o

\

. TABLE (14) :- Classification of Thromosorb W Supports
-Using High Concentrations of Pesticides.
T (Peak Area of 2nd Run at 180°C),
r’/ . '
. a //
HP oMcs | NAW | AW .| 75
N I — J
, . | ‘
DISYSTON 690 530 600 | 600 | 600
© 6.2 UG
RATIO" 10 7.7 . 8.7 8.7 | 8.7
. ’ . , i .
W ’ | \ ‘ ]
PHORATE 570 420 520 | 510 470
3.5 146 A - :
RATIO 100 7.4y 9 8.9 & 8.3
| .
MALATHION | 680 4 550 340 | 510 540
11.86 UG
" RATIO 10 | 8.1 | 5.0 7.5 | 7.9
n‘ . R . i B
\ o

. 228
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TABLE (15 ,‘Classifitati’on of Chromosorb W Subports
| Using High Concentrations of Pesticides.’
- (Peak Area of 2nd Run at Peak Area Maxima.)
f .
2% DMCS NAW. Al | 750
| AREA/T® |[AREA/T® |AREA/T® | AREA/T® ~ AREA/T®
4 o i o v ) )
~ DISYSTON '7607160° [570/190° [640/170° 680/170° 685/150°
" 6.2 16 : ; ‘
5 ~ ‘
« RATIO 10 7.5 8.4 8.9 i 8.9
\ . ‘ i o . ' a' I . ’
~ . PHORATE 1610/150°1470/190° 520/150° 530/170° [*590/150°~
. ! ' v e j ; .
3.5 UG © ! ' -
L : s v
i 1 . ’ ‘I .
RATIO 10 7.7 8.5 8.7 9.7
T i ' s
 MALATHION 710/160°|550/180° [340/180° ' 580/190° | 660/150° \
11.86 UG . 4 ,
A } ’ ! .
RATIO 10 7.1 4.8 | 8.2 9.3
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TABLE (16) : Classifi
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NAW

AW,

v

1 Concentrations of Pesticides.’

’

ca'tj'on of Chromosorb W Suppg,.yés Us
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Score and Rank of the Five Supports.
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TABLE (17) : Classification.of Chromosorb W, Supports

Using M%derate‘Concentrations of Péstiéidgs.

" (Peak Area of 2nd Run at 150 deg C.)

N

HP DMCS . | NAW - AW 750

DISYSTON |, 990 280 | 440 | 300 | 250
23.26 NG e '

N

RATIO {10 2.9 | 4.4 3.0 .2.5

CPHORATE | 620 ' 240 .150% | 260 1o

/0 % 8.76 NG N T f o

AT | 00 0 3.9 .24 | 4.2 1.8

O B _ ‘
. MALATHION 1400 300 - | *x 390 | e

- 11.86 NG Co i . S

T RATIO | 10 | 2.0 #e 2.8 4 owx

* .330 FOR RUN #]

v ! ‘ ' . ‘ v
N . .

k% NO PEAKS, L Coe
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TABLE (18) Classification of Chromosorb W Supports’
| Using Moderate Concentrations of Pesticides.’
(Peak Area of 2nd Run at 180 deg C.)
HP | DMCS | -NAW™ [NV AW 750
DISYSTON 1000 | “ 420 760 420 | 290 ‘
23.26 NG | ‘ | |
RATIO | 10, 4.2 7.6 . 4.2 ;2.9
v | '
- i
‘ | ? . .
PHORATE - 810 | .470  210% 430 140
8.76 NG T N ' |
| O | .
RATIO .10 | 5.8 2.6 ¢ 5.3 1.7
| t L o o
| [ P i L - ,
| | | | T ‘
MALATHION 1630 1 570 ., xx 'f 570 | *F . ,3<i>
11.86 NG | ' . . SRR
RATIO b 10, 3.5 . **_ | 3.5 x4
‘ . |
* 590 FOR RUN #1
*% NO-PEAKS
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TABLE (19) : 'Classification of c%mésorp W Supports

Concentrat

/
/

}',éns of Pesticides.’

1

, 233-

Using Moderate

.. (Peak Areal of 2nd Run at Peak Maxima, ) , !
| L -4 RN ) o
Hp' - DMCS NAM AW 750 °
| AREA/T® AREA/T° | AREA/T® | AREA/T® AREA/T®
'DISYSTON | 1170/160° _ |630/220° | 760/180° |'650/200°% - 500/210°
23.26 NG I
RATIO ° 70 5.4 6.5 5.6 . 4.3- .
. RS /
| : .
I P \ ‘ /
PHORATE 920/170° { 570/200° . | 270/200° 550/190°" ' 220/230°{
8.76 NG ' | "
RATIO 10 6.2 2.9% 6.1 2.4
{
| I
* MALATHION ' 1890/160°° | 910/200° ** 880/200° 240/230°
. | ‘ i, i :
o 1386 NG| |
RATIO P10 4.8 4.7 1.3
} : -
| . L i
- * 580/170° FOR RUN #1
. % NO PEAKS ‘
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TABLE (20)

1

PEEY \

© 234

CTasEiﬁantidn of Chromosorb W Supports

Using Moderate Concentrations of Pestic,iides.

Score and Rank. of the Supporté{

| ]

L

DIsYSTON PHORATE MALATHION
MAX 150°.180° | MAX 150° 180° | MAX 150° 180° SCORE.  RANK
" HP |1 01 ] 1 ik R 9 1
s 4 4 3 | ;, 3 2 31 2 25: 3
NAW | 222 4',,4 5 4 4 Im. 4
”Aw | 3 -3 3 32 .3 ;2 2 24 l zf
750 | 5 5. 5 5 5 4 "4 4 42 .5
. '\ ' !
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“TABLE (21) t]fssifi’catiqn-‘of Chr-omo@orb\w Supports
o ’ 'USing Low Concentrations of Pesticides.
o oo Y ‘ ; '
L o e o jomes o wmw | AW |75
o LT SEE L
AP ‘DISYSTON- ~ | 250% 70 " 62 |60 | 731
_— 13.76 PG : ‘ ? 8
RATIO 0. |28 25 2.4
N N R R
© - RANK } ] 2 3 L4 s
: ‘ c I R
r/ “;‘ i ‘a ' ‘e ‘ :'.
> i 1 X 7 [
' : . : N ‘j. - . .
. : . ! i (. ! X <
MALATHION 0 1172%- .3186 . 277 |. 151" 73
. 21112 N6 T o ' ‘ :
‘RATIO - 10 1.6 2.4 1.3 0.6
CRANK + | f R 32 4 5
. | Fo . , o Y '
§ j !
, ’ I' 'l
1 * SLIGHT TAILING
Ho ' , _
1 P '
N (. P)

& -

AT e e . *
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" TABLE (23)

LOW - ELD

.J‘
MOD - ECD

"HP o2

“oomes |5 2
CNAW L s 2

AW 8 4

750 1 10 .5

l
i
i
{

' | SCORE ° RANK | SCoRe RANK

'
4

25% 3

31 -4

;24 -2

42 -5

Summary of Score and Rank of Chromosorb W

. Supports ‘at Three Sample Concentration.

HIGH - FID

SCORE

RANK

39"
33
29.
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TABLE §24) : Classification of Chromosorb G Supports
) ? for Moderate Concentrations of ,Pe.sticides.
'(Peavk Area.of 2nd Run at 150 Vdeg c.)

AW DMES HP NAW
DISYSTON 920 610% 850 ' 650
23.26°NG . I |
RATIO 10. 7.2 10 l 78 |
. ' i - !
PHORATE 540 370%% - "1 640 \a20
8.76 NG | “ i |

N - , 1 i ‘

RATIO 8.4 5.8 10 | 6.6
MALATHION . **;— * ko Kok i Ve kK
17.86 N6
RATIO ko _— Kok * ok

£ 1210 FOR RUN #1

** 620 FOR. RUN #1

J*** N0 PEAKS

|
'
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TABLE (25)- : Classification of Chramosorb G Supports

L A

for Moderate Concentrations of Pesticides.

(Peak- Area of 2nd Run at 180 deg C.)

i

AW omcs | _me. o mAW
. i .
. ’ . I
i |

| : .
© - 1080% . :

/

“ DISYSTON .| 1330
23.26 NG T C B

- ‘}'. ‘ ' . 5
RATIO .| 82 = ' 6.6 i ;10 6.6

4

. PHORATE ' 940 . 760%% 1290 | .70 .

. S o 3 f
8.76 NG , D -
' ‘ . il . ) i
RATIO 73 - 5.9 . 0 10| - 5.5
7 l‘ \ .' \
MALATHION | # .| 880%*x| 880 :
11786 NG | o |

- RATIOC © . 10.0 10 #

- *. 1830 FOR RUN 41 - SR R
_** 1200 FOR RUN #]
*x% 1890 FOR RUN #1 _

FoOoNO PEAKS . =
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TABLE (26) Classification of Chromosorb 6 Supports for‘Moderate
Concentrations of Pesticides.,
’ (Peak Area of 2nd Run at Pea;k Maxima.)
‘ - - {
AW DMCS HP NAW
AREA/T® AREA/T® AREA/T® . | AREA/T®
- DISYSTON 1580/200° | 1440/200°|  1630/180°  [1310/190°
. 23.26 NG :
RATIO 97 8.8 10 8.0
> i
PHORATE ~  11070/200° | .1060/210°|  1290/180° ~ |850/190°
8.76 NG . |
RATIO 8.3 8.2 10 6.6
MALATHION | 460/230° | 1600/210° 1280/200° - ok
11,86 N6
RATIO 3.6 12.5 10 *
DISYSTON. | 1700/190° | 1830/180°|. 1290/210°  [1680/170°
.23.26 NG \
RUN #1
RATIO ; 11322 14.2 10 13.0
. .
1
* NO PEAKS -



~ TABLE ('27)_~:‘ Classification.of Chromosorb ésb;jpor'ts for Moderate

_Concentrations of P‘esticides.

Score and Rank of -the Four Suppbrts.

R;/ ' X " . . R s&k\.. —[

0 DISYSTON: . PHORATE MALATHION | )

| WX 150° 180° |MAX 150° 180° [MAX 150° 180° | SCORE RANK
HP 1 2 11 2 - 1|10 1

| |
I R B B 2 2 3 Ly oo 3 i 2

!
MCS 3 4, 3 34 "3 pr -y 22 3
N e 4 33 6 3 4 . 3 28 &
e ?
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TABLE (Zé) : C]assificat{on‘qf Chromosorb G Support’s ‘

e T e

. “+ - for Low Concentrations of Pesticides,
\ ) g ‘ - R o .
S ‘ (Peak Area at 180°C.) .
. \ o7 , \ . l&,:;:’ ) : ‘ . ) . .
. {. o AW ,., DMCS COHP v
© DISYSTON TR L ggx 47+
13.76 PG | :
RATIO ' 5.3 . 14.7 I 10
. ‘ L g R '
RANK S 2 3
N} M T ' g ) |
MALATHION 143% 149+ e 1434w
2.112 NG \ o L ' 0
H - ]
" .
, \
RATIO ' 10 g '10. 4 10
RANK . 2 S g 2
_RANK AT MOD R ' 3 o
. .CONCN f - )
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TABLE (29) Classification of Chromosarb P Supports for i
Moderate “toncentrations of\‘Pestic‘ides. . :
. (Peak Area of 2nd Run at 150 and 180 deg C.). i
, 150° "180° :
' AW NAW  DMCS AU NAW DMCS %
' - e i
DISYSTON 3090  410* 650 | 2520 1540 1090 .
23.26 NG ;
- : . "A/“
RATIO, 10 1.3 2.1 10 6.1 4.3
RANK 1 3 2 1.2 3, f
. . 1
|
3 \' i
PHORATE 1020 250 ' 220 . 1120 ° 440 290 ‘
8.76 NG / ) '
RATIO ™ 10 2.5 2.2 10 . 3.9 2.6 . |
| . .
“RANK ., | 1 2 3 1. -2 3
Y- . - :
L : -
* 1320 FOR RUN #1 | *
p A P ’
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- TABLE (30) C]assifica.';ion of Chromosorb P S‘upp;)rts.' l»
for Moderate Concentrations of Pesticides,
' (Peak Area of ind, Run at Peak Max¥ma.)
1Y
AW NAW |, DMCS
’ AREA/°T  AREA/°T "AREA/°T '
DISYSTON 3340/160°  :  1540/180° | 1310/210° .
©23.26 NG !
. RATIO i 0. " 46 3.9
o 7]
+ RANK 1 .2 3
" PHORATE 1130/160° 3  440/180° 310/190° |
8.76 NG Ai ' .. ' '
. ! S o , :
’ RATIO L i 3.9 2.1 . : !
0 rank 1 2 3
e s \‘ LP]
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S ‘ APPENDIX (V)

- . Thermograms for Six Consecutive -Runs Done

‘On ‘a .Column Containing CW-AW Support Using
o " the Electron Capture Detector.
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" IDENTIFICATION OF THERMOGRAMS
:,"
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' _IDENTIFICATION OF 'RUNS
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