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Abstract

Combined gas chromatography and mass

spectrometry has been used to identify unknown

residues in soils (especially pesticides).

The effect of U.V. light on DDT and

linuron and quantitative estimation of elemental

sulfur in different soils has also been carried out.
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CHAPTER I

INTRODUCTION

(A) ANALYSIS OF PES~rICIDE RESIDUES:

(1) (i) General

Chemicals used to destroy any species of pests are

called pesticides. These have been known since 70 A.D. when

Plinius recommended arsenic as an insecticide. Earlier

pesticides were very persistent and usually contained inorganic

compounds like arsenic, mercury, antimony and. so on (1).

Nicotine was first used in 1763 for the destruction of aphids (2).

The use of sulfur for controlling the powdery mildew in vines

d.ates back to 1848. The development of the better pesticides

continued and the mother of the modern pesticides i.e. DDT

appeared during world war II (.3).

Modern pesticides consist of a variety of compounds and

can be classified as acaricides, algicides, antiseptics,

arboricides, bactericides, fungicides, herbicides, insecticides,

molluskicides, nematocides, zoocides (4), antibiotics,

rodenticides etc. (5). The term agrochemicals does not include

fertilizers and is mostly used for insecticides, herbicides and

fungicides (3).

The possible effect of the existence of pesticides should

be considered when we look into the past history. Catastrophes

would have been avoided by using suitable pesticides. 'TIne

famine which caused the death of about a million people in

Ireland in 1845-51 due to the loss of the potato crop by the
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infection of phytophthora fungus, the 30% loss of the wheat

crop d.ue to stem rust in 19.30 in U.S .A. and the loss of about

3 million tons of wheat destroyed by stem rust in 1954 in

~Jestern Canada would all have been averted (4).

The adverse effects of pesticides were first brought

to -the public notice by Rachel Carson in her fgmous book

'Silent Spring' in 1962 (6). The inhibition of nitrogen

fixing bacteria. by chlorinated insecticides, the dying of

fish, the decrease in the wildlife population, the cycling

of the pesticides in the environment, their presence in

newly born babies and their uptake by crops and vegetables

are some of the unfortunate effects of using these chemicals

(1,6-7).

(ii) Persistence of pesticides in soils

Pesticides sprayed on the plants or crops are washed

off by rain and accumulated in the soil, along with materials

:from sources such as the tissues of animals and bird.s, uncon-

sumed vegetables and fruits, and feces. Chlorinated hydro-

carbons are usually more persistent than organophosphates.

The persistence of chlorinated 'hydrocarbons is due to the low

solubility in water and their low vapour pressure (8). Flora

and fauna, litter, humus, organic matter, and the mineral ions

++
like Mg2+, Fe2 and A13 are also responsible for retaining

the residues of pesticides (1,9,10). Cultivating soil,

moisture, micro-organisms and adsorption are the other factors

which contribute to their persistence (11).
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When pesticides are degraded in the environment by

stmlight (U.V.), oxidation, hydrolysis or micro-organisms to

the other metabolites (12), the new metabolites can be more

toxic or less toxic than the parent pesticide. Metabolites

which are less polar (13), more polar (14), less persistent

or more persistent (15) than the parent compound are known.

(II) ANi-\.LYSIS:

Methods of analysis of pesticides have been given

in several books and reviews (16 - 19). Complete analysis

of soil for pesticid.es can be divid.ed. into four parts i.e.

(a) Sampling, (b) Extraction, (c) Clean up, (d) Identification.

(a) SAMPLING,:

Because of the non-homogeneous distribution of

pesticides in the soil, sampling for quantitative analysis is

a problem (20). Penetration of the pesticides varies with

the type of soil. Lichtenstein et al. (21) found up to 90 per-

cent residues of aldrin and dieldrin in the upper 3 inch layer

of the soil. Similar results have been found by Wheatley and

Hardman (22), who could not find any dieldrin residues below 7 em

from sandy loam soil. Their quantitative results have shown a

significant difference in the amounts of dieldrin from the samples

which differed even one em in depth. To avoid the errors due

to grass roots and due to inconsistent thickness of the grass

pad., Murphy and Barthel (2,3), vlhile sampling one inch deep, took

two inches deep cores and cut exactly one inch below the ground
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level. Random sampling and sampling up to three inches and

then 3-6 inches deep along the rows and between the rows of

vines, when sampling from vineyards has been preferred by some

workers (24,25).

Harris and Sans (26), and Duffy and Wong (27) while

sampling a five acre farm, divided it into five sub-areas.

6ft X 1 fT cores were taken from each sub-area and the cores from

all sub-areas were pooled together to get a representative

sample. Orchard samples, collected between the trees and

under the trees were analyzed separately and their results

were averaged. (26).

( al) SamJ?1:-_~_,_~~ep§.rati~p~acking and..§torage:

Lard cans (23) or plastic bags have been used for

packing samples, and storage at 20 C (26) or SoC has been

recommended (27). A -20°F storage temperature has been

found suitable to avoid the loss of organophosphates, to

increase the recovery and to permit storage for a long

period of time. When glass stoppered bottles or screw

cap bottles (With aluminum lined caps) are used, a oOe

storage te~perature has been suggested.

(b) EXTRACTION:

Extraction is an important step of pesticide residues

analysis. Incomplete extraction affects the q~alitative and

quanti tative d.etenninations. The following factors affect

the extraction efficiency of pesticides from soils.
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(bI) Solvents:

Extraction has been found to be dependent on the

solubility of a pesticide in a solvent. Selection of a

particular solvent or a mixture of solvents has been found to

be difficult for the extraction of unknown samples.

Fortifying methods have been used to have a proper selection

of the solvent (28).

~-1ost common solvents and solvent mixtures have been

tried for pesticide extraction e.g. acetone for DDT from

vineyard soil (24), 9:1 methyl cyanide:water for atrazine (29),

30:32:38 acetone:methanol:water for the determination of

methyl nitrophos (30) have been used. Schnorbus and Phillips

(31) introduced propylene carbonate, a non-toxic mld non

flammable solvent, which was shown to be useful for the

extraction of chlorinated hydrocarbons, organophosphates, urea

derivatives and carbamates from foods and soils.

Johnsen and Starr(32) compared the extraction

efficiencies of (i) acetonitrile, (ii) water saturated benzene,

(iii) 2:1 benzene:isopropanol, (iv) 2:1 benzene:methanol, (v)

2:1 hexane:isopropanol and (vi) 4:1 hexane:acetone for heptachlor

epoxide and dieldrin. They found that the mixture of benzene:

methanol gave the highest recovery and water saturated benzene

gave the lowest recovery. The same workers (33) fOurld acetone

to be an excellent solvent for the extraction of the above two

insecticides. Their results showed benzene and petroleum ether

to be very poor extracting solvents for moist soils due to the

hydrophobic nature of these solvents.
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Saba (34) when comparing the extraction efficiencies

of seven solvents for chlordane residues from air dried clay

loam soil, found the order of extraction to be methanol>ethanol>

1:1 hexane:acetone>9:1 hexane:acetone>1:1 hexane:isopropanol>

acetone>2:1 hexane:isopropanol; and also found that increasing

the hexane in isopropanol decreases the recovery.

Dry acetonitrile has not been reported to be a good

solvent for extraction but the presence of water in acetonitrile

makes it an excellent extraction solvent (35).

~hiba and Morley (36) compared the extraction efficiencies

of 21 solvents and reported DMF to be the best solvent for the

extraction of aldrin and dieldrin from air dried s~ndy lo~ soil.

Propylene carbonate which was recommended for use as a general

purpose solvent (31), gave very poor recoveries of dieldrin.

~lixture of 1:1 benzene:methanol, although giving satis~actory

recoveries of both a~drin and dieldrin, gave the highest amount

of co-extractives.

Approximately 95% heptachlor was recovered from different

kinds of soils by Young and Rawlins (37) when they used 4:1:1

pentane: isopropanol: glacial acetic acid solvent mixture for the

extractions.

Soil acidification has been common to suppress the

ionization of the herbicides. Ethyl ether containing sulfuric

acid for 2,4-D(16,J8), acetone containing 1% concentrated

phosphoric acid and methyl ethyl ketone containing 85% phosphoric

acid have been reported to give satisfactory recoveries of some

herbicides (16).
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(b2 ) 1vloisture:

Air dried soil has usually been used for the analysis

but the losses due to evaporation while drying soil are known,

The water content in the soil a£fects the extraction efficiency.

Saha (34) noti ced an increase in the recovery of chlordC1J."'1e from

air dried. soil when 20% water was added irrespective of the sol

vent. 40% water decreased the recoveries and 100% water gave

very poor results. The presence of 20-60% moisture while ex

tracting fensulfothion and its sulfone (28), &~d an increase in

moisture content when using anhydrous acetonitrile (35) have

been found to improve the recoveries. Johnsen and Starr (33)

did not f"'ind soil moisture to be a critical parameter for sat

isfactory recoveries and found that addition of water to the

clay soil at saturation level gave the best recoveries.

Soils too dry or too wet when extracted result in

incomplete recoveries of pesticides (18,39). Anhydrous sodium

sulfate has been used by several workers to a,bsorb extra

moisture, to make the soil friable and to prevent emulsion

formation (39). 1be use of anhydrous sodium sulfate with

dry soils has been found to increase the amount of co-extrac

tives, it is risky when the moisture content in the soil is

less than 25% but it has been suggested for use after extrac

tion procedure to avoid the emulsion formation (36). Satu

rated sodium bicarbonate solution, to break the emulsion

formation after extraction (23), and CalCi11IIl chloride (29)

and annnonium chloride (40) to flocculate soil colloid.al par

ticles, have also been used.
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Methods of extra,ction:

Tumbling, blending and soxhlet extraction are common

methods used for the extraction of pesticides (41). J"ohnsen

and starr (32,33) described a new method called the ultra-

sonic techniq.ue. 'Ihe polytron which was a high specific

intensity ultrasonic generator, equipped with saw tooth

cutting head for making the soil particles fine, had a

maximum speed of 19500 rpm was used by them in comparison

\vith blending, rolling, a second ultra,sonic source and soxb:--

let extraction procedures. 'The recov"eries of organochlorine

insecticides were better with their technique than with the

soXhlet extraction method though they used polytron for 30

seconds and soxhlet for 8 hours. Bollen et al. (42) did

not find tumbling a very efficient method when extracting

d.ieldrin with acetone: hexa"ne mixture. Blending followed

by soxhJ.et extraction has been found to give best recoveries

of pesticides (35,43).

Comparison of shaking, soxhlet and column extrac-

tion methods was done by Nash et al. (40). The soxhlet and

the shaking extraction methods gave almost identical quanti-

ties of 9 chlorinated pesticides but still the shaking method

was proved to be the most efficient method. Methods using

columns, though less expensive and less time consuming, were

found to be the least efficient methods of extraction.

Teasley and. Cox (8) used three extraction methods

i . e. soxhlet extractor, irmnerex extractor (a known weight

of the soil is placed in an extractor basket and the solvent
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is added, then the extractor is assembled and extracted. f"or

a knO"WIl time) and Shell Development Co. method (a known

weight of the soil is placed in an erlenmeyer flask, water

is added to make a slurry which is extracted three times

with a solvent mixture using a wrist action shaker) for

the extraction of DD'I' and endrin from cotton field_ soil.

For endrin 16 hour soxhlet extraction and l6 hour immerex

methods were comparable while Shell method gave lower re-

coveries. But for DDT they found that ]_6 hour immerex

method gave more precise results than 16 hour soxhlet ex

traction and the Shell method was lacking in precision.

Other mechanised. extraction methods are also known (29,

44) •

(b4,) Time:

Times for extraction using tumbling, blending,

soXhlet and ultrasonic techniq~e are usually 10 min. - 4

hrs., 2 min. - 15 min., 4 hrs. - 20 hrs. and 30 sec. res

pectively. A change in time affects the recovery as has

been shown in the literature (18). Williams et al. (28)

found that the time required for complete extraction of

fensulfothion and its sulfone was much less in case of 9:1

chloroform:methanol than in case of dichlorometl1ane. It

was noticed (36) when comparing the efficiencies of the

solvents that increase of time (5 min. to 1 hr.) in blend

ing increased the efficiency of 1:1 hexane:acetone for both

~ldrin and dieldrin, but there was no significant improve-
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ment in case of DMF which they stated was the best solvent

when blended for 5 minutes. Keeping the soil in contact

with the solvent for 19 hours and blending for 1 hour gave

the best result, and the results were comparable with 5

hours of blending. In contact time studies the amount of

co-extractives were lower and blending more than 1 hour did

not show any improvement in recoveries. In sOL'11et ex-

traction, the time was depend.ent on cycling time and in

blending or tumbling, keeping all other factors constant

(moisture, speed, type of soil, etc.) time 'tvas depend.ent on

the solvent (18).

Other factors:

Soil type, organic matter, light, volatilization,

degradation are some of the other factors which affect the

bioactivity, persistence and extraction of pesticides (45-

48) •

D~~ was reported to be a better extracting solvent

for dieldrin (from sandy loam)clay loam and muck soils) than

aldrin (36). No single solvent was found to be satisfact-

ory for all the three kinds of soils. A 1:1 benzene:methan-

01 mixture was found to be the best solvent. Saha (34)

when studying different solvents found that the type of soil,

the particle size of the soil and the method of extraction

had very little effect on the recovery of dieldrin when 20%

water was present in the soil.
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(c) CLEAN UP:-----
Liquid-liquid partition, saponification, column

chromatography and acetone precipitation are some of the

methods which have been applied for the clean ~p.

Pigments and lipids have been separated from the

concentrated acetonitrile extracts by hexane. Polyethy-

lene coated alumina columns have been shown to remove pig-

ments, fats and waxes to a considerable extent (16).

Liquid-liquid partition has also been used for

the clean up of phenoxyalkanoic acids (49), substituted

ureas (50) and carbamates (51). Florisil, attaclay-char-

coal, megnesol, nuchar C-190N (activated charcoal), silica

gel and alumina are some of the adsorbents which have been

used for the clean up process by column chromatography

for pesticides. Onley and Yip (52) found a magnesium oxide-

cellulose column satisfactory for the clean up of herbicidal

carbamates. Bates (53) when describing a general method

for the determination of organophosphorus pesticide residues

in food stuffs, preferred freezing the fats and waxes out of
o

acetone solution at -70 C, followed by column chromatography

:for clean up.

Versino et al. (54) when comparing the efficiency

of eight different clean up method.s for chlorinated and phos-

phorus containing compounds and their metabolites, did not

find much difference for the chlorinated pesticides but for

phosphorus containing compounds and their metabolites, mix-

tures of adsorbents were found to work better than pure

florisil columns.
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Several authors had pointed out that impur·ities are

introduced from the adsorbents during the clean up process.

Burke and Malone (55) after studying 19 samples of florisil

calcinated at different temperatures from 1000 - 14000 F

concluded that the sample calcinated at 12500 F for 2 hours

was the most suitable for clean up. Commercially available

florisil (calcinated at 12000 F ) has been found to give in-

complete elution of pesticides.

Partially deactivated florisil has been reported

to give better pesticide recovery than florisil activated.

at 130-150oC for ]-2 hours. Wood (56) has found the criti-

cal volume of wa·ter to be 0.7% for the deactivation of flor-

isil which gives the best results for the chlorinated pest-

icides .,

Concentration:

Several methods have been used for concentrating

the extracts. Solvent evaporation on a steam bath using a

Snyder column (23), in a rotary evaporator (26), in a flash

evaporator (27) and in a kuderna danish concentrator (40,52,

54), has usually been used. Evaporation of the solvent to

dryness and concentration at the higher temperatures (above

500 e) has been reported to cause severe losses of pesticides.

(d) IDENTIFICATION:

Cal) By Gen~ral Methods:

Although chromatographic techniques have been widely

used for pesticide analysis, nevertheless a number of workers
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have used. other analytical techniques such as colorimetry

(24,57) ,atom-i.e absorption (58), ultraviolet photometry,

infrared spectroscopy, enzymatic techniq~es, spectrophoto

fluorometric methods (59), polarographic techniques, neu

tron activation and nuclear magnetic resonance spectrometry

(19,60). Because of the difficulty of separating tIle res-

idue in sufficient and pure form, techniques such as U.V.,

I.R. and N.M.R. have not "been found to be pa,rticularly suit

able for id.entification purposes.

Because of the cholinesterase inhibiting properties

of organophosphc"ttes and carbamates, the enzymatic techniques

have been used for the determination of these kinds of pest

icides (16,26).

McKone et al. (61) compared cathode ray polarography,

ultraviolet spectroscopy and. gas chromatography for the deter

mination of three triazine herbicides (runetryne, atrazine and

tetrabutryne) in pond and canal waters. The lower limit

of these methods was above 0.005 ppm, 0.005 ppm and 0.001 ppm

for U.V., polarographic and G.C. methods respectively.

Comparison of polarographic, coulometric gas and

colorimetric methods by Klein and Gajan (62) for the deter

mination of a fungicide terrachlor, have shown that the first

method was the fastest but most prone to interferences from

other pesticides. The second one was slower than the first

and. the third method was the slowest but most accurate.

Thin layer chromatographic is a simple method and

has been found valuable for pre-screening. Gardner (6])



used two dimensional thin layer chromatographic technique

for the dete~ination of 26 organophosphorus pesticides.

He found the lower limit of 1.8 pesticides to be at the 0.01

ppm level. Pesticides were oxidized with bromine vapour

after one dimensional d.evelopment.

Reinke et al. (64) found the thin layer chroma

tographic method s 8JtisfactoY\J for the d.etermination of PCB t S

in the presence of 13 organochlorine pesticides. The recov-

eries reported by them were mostly from 90-100%. When

comparing the efficiency of thin l~er chromatographic, bio

assay and gas chromatographic methods for the determination

of three insecticide residues from soils, Chiba et, al.(65)

found different results by TI,e and bioassay methods as com

pared to gas chromatographic method.

Most of the work on pesticide residue analysis has

been d.one by gas chromatography (66-68). Copper tubing has

not been found suitable for making columns for the analysis

because of its rapid deterioration (69).

Although gas chromatographs with microcoulometric

(8), coulson conductivity cell d.etector :for ni trogen (29),

flame photometric (28) and thermioni c detectors have been

used for the analysis of pesticides, the use of electron

capture d.etector seems to be unlimited (25-27, 34,40,45,52).

Because of its high sensitivity to halogenated materials,

the electron capture detector has been reported to give many

erroneous peaks and interference from PCB has been found to

be q~ite common. Hydrocarbon background is reduced, since
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the EC detector has a very low sensitivity to such materials.

Inter:ference due to elemental s1.llf'ur in gas liquid

chromatographic analysis using an electron capture detector

can be removed by refluxing with copper-aluminum alloy (70).

lrhe use of more than one column and chemical derivative re-

actions have been suggested for the confirmation of pesti-

cides while using an electron capture detector (27).

Glotfelty (71) found that exposure of organochlorine pesti-

cid.es to 1.lltraviolet light for confirming the residues has

been 11Sef--1ll.

As one of the most sensitive of anaJ..ytical technig.ues

mass spectrometry has become quite pop1.llar in the last few

yeatrs. Analysis of mixtures requires some sepa.ration. tech-

niques prior to analysis by mass spectrometry.

McLaff'erty et ale (72) have developed a technique

for collecting the gas chromatographic fractions by using a

glass capillary tube containing 5% SE-30 on 1.5 mg Chromo-

sorb P. 1'he capillary tube was sealed at one end and then

the ma.terial in the tubew'as analyzed via the direct probe.

Kane and Karasek (73) used porous glass for entrapping the

gas chromatographic fractions and for analysis by direct

probe on mass spectrometer.

The difficulties of collecting gas Chromatogrqphic

fractions when the components are in very small g.uantities,

the problems of self polymerization or a,uto-oxidation with

some kinds of compounds when collected in this way and,
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spending a considerable time for collecting the fractions

have been solved in combined GC-MS sy·stem.

Because of the comparable sensitivity of the mass

spectrometer and the most sensitive detectors of gas chrom

atography, coupling of a gas chromatograph with its separat

ing powers, to a mass spectrometer became desirable. De

velopments have been made in the last few years to overcome

the difficulties of reducing the pressure of GC effluent

from 760 torr to a tolerable pressure (10-4 to 10-3 torr)

for the operation of mass spectrometer and concentration of

the sample entering the mass spectrometer source (74-76)

capillary tubes, stream spl.itters and separators ha,ve been

reported for these pu~oses. Jet (e.g. Ryha~e)JPore (e.g.

Watson and Biemannb Reaction (e.g. PaTIadium-silver alloy

capillary) and Solvation (e.g. siliconttmembrane) separators

known today have advantages over the stream splitters and

capillary sniffers (77).

Single focusing, double focusing, tilne of :flight

and q:uad.rupole malss spectrometers have been usually used for

the GC-MS combination (76).

can be as low as lO-12g •

The use of computers for recording and interpret-

ing mass spectra with GC-MS is becoming more common, solv

ing the problems due to unresolved GC peaks and the large

amount of data produced.

The most common methoo_ of ionizing the compounds,

i.e. electron impact, has not produced molecular ions in

all cases. In order to find molecular ions, chemical
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ionization, field ionization, low electron energy and photo

ionization methods have been used (78).

Details of instrumentation, high resolution rnass

spectrometry, metastables, ion kinetic energy spectroscopy,

negative and positive chemical ionization mass spectrometry,

theory and applications of mass spectrometry etc. have been

outlined in several good books (7·4-76, 79-82) and will not

be discussed here.

~ne ~~plicatians of GC-MS to environmental studies

'have been found to give very interesting results. Recently

it has been used for the identification of hydrocarbons in

sediments (83) and for the PCB (84) determinations. Although

PCB t S tenel to interfere vIith pesticides when anaJ.yzed on a

gas chromatograph with an electron capture detector, Bonelli

(85) has shown that PCB's and overlapping pe.sticide peaks can

be identified in the 10-100 ng sample size by mass spectro

metry.

Combined GC-MS has also been used to identify pesticide

residues like pentachlorophenol from the hexane extracts of

'human blood, clothing and urine. Method.s have also been

developed to analyze organophosphorus pesticid.es in human

blood and urine, organochlorine pesticide residues in human

adipose and liver tissues and herbicide residues from rat

urine (86).

Solang et ale (87) have described the possibility

of interference of PCB's with mirex, an insecticide con

taining 12 chlorines. The mass spectra of kepone (con-
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taining 10 chlorines) and that of mirex give similar fragment-

ation pattern with base peak at m/ e 270

but the different relative abundances of other ions make it

q.ui te easy to identify them separately. Mass spectra at

low electron voltage (10 ev) has been f~oun.d useful for the

identification of a mixture of PCB and mirex from crude ex-

tracts because of the production of a simple spectrum (88).

Chemical derivatization method.s used for the

analysis of· some compounds like alcohols and amines on GC-MS

have now been used for some kinds of pesticides which are

thermally unstable and do not give molecular ions. Mumma

and Khalifa (89) have shovm that trifluoroacetyl derivatives

of carbaryl and its aglycone metabolites can be analyzed by

GC-MS.



(B) ANALYSIS OF ELEMENTAL SULFUR:

Elemental sulfur and sulfur compounds naturally
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occur in the environment • Bacteria play an important

role ~or the interconversion of different oxidation states

of sulfur. Elemental sulfur is oxidized to sulfate and

reduced to hydrogen sulfide by the action of bacteria.

Hydrogen sulfide is converted into sulfate by aerobic

action ancl vice versa by an,aerobic action.

fide also breaks dovm to elemental sulfur.

Hydrogen sul-

steinbergs (90) developed a method for the de-

termination of total sulfur content from 0.5 g soil.

Soil was fused with sodium peroxide in a niCkel crucible.

1he f'used mass was dissolved in water and made ammonical.

The sulfate formed was separated and determined by the

turbidimetric method.

Tiedeman and Anderson (91) used an induction fur-

nace equipped for analysis of sulfur in hydrocarbons which

was coupled to an automatic sulfur titrator for the estima-

tion of total sulfur in soils and plant material. They

found it to be a, very accurate method. Ihey did not find

any significant difference in the recoveries of inorganic

or organic sulfur when same soil or plant material was used.

Their resuJ~ts showed a significant difference in the re-

coveries of inorganic and organic sulfur when two different

kinds of soils were analyzed.

The basic methods of the analysis of sulfur in-

valve its oxidation to sulfate or its reduction to sulfide

then the estimation of the final. products produced.
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Siegfriedt et &1. (92) briefly reviewed several methods used

for the determination of sulfur. Oxidation of sulfur by

nitric acid, perchloric acid, combustion in a stream of

oxygen, combustion in oxygen under pressure and fusion with

sodium. peroxide to sulfate or catalytic reduction by hypo

phosphorous and hydriodic acid to sulfides or combined

oxidation and reduction methods have been used in the past.

Siegfriedt et ale (92) used a. small oxygen bomb for the

oxidation of sulfur to sulfate and i t WB..S titrated with

barium chloride solution using 'hydroxyquinone as an indi

cator. Agazzi etal.. (93) used a similar kind of oxygen

bomb to analyze saLfur content from the oils. The bomb

was filled with oxygen, immersed in water and the substance

was ignited in the bomb. The sulfate so formed was then

determined gravimetrically.

Johnson and Nishita (94) d.eveloped a method for

the estimation of total sulfur and sulfate sulfur. Sulfate

was reduced by a mixture of hydriodic acid, formic acid and.

red phosphorous to hydrogen sulfide gas. The gas was

then determined spectrophotometrically using methylene blue

indicator.

'I\lller (95) has described several methods for the

analysis of elemental sulfur which include the above men

tioned methods and another simple method which is the ex

traction of elemental sulfur with some solvent such as carbon

disulfid.e, carbon tetrachloride, acetone or pyridine. 'Ihe

residue was weighed after evaporating the solvent provided

the solvent used did not co-extract any other material.



CHAP'I1ER II

EXPERllvfENTAL

(A) GENERAIJ DESCRIPTION:

1nree kinds of studies are reported in this work.

The major part of the studies covers the analysis of

residues by combined gas chromatography and mass spectro-

metry. Extraction technique includes four slightly dif-

ferent methods. Photolysis studies of pesticides and

g.uantitative estimations of elemental sulfur from soils

are also included in this work.

(B ) CHEMICALS :

Analytical grade or 'all glass distilled f solvents

were used for the pesticide analysis. Before using the

solvents, 300 ml of the solvent was concentrated to approx-

imately 0.2-0.5 ml and was analyzed by GC-MS.

Potassium phosphate and sodium sulfate salts were

also tested for impurities by shaking 10 g of the salt with

300 ml of hexane for 15 minutes then filtering and concen-

trating by using a rotary evaporator to 0.2-0.5 ml. The

final extract ,vas run on the GC-MS.
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The following chemicals were used in the pesticide

analysis.

(a) Solvents:

Acetonitrile, dichloromethane and
chloroform. (lab. reagent) - BDH

Acetone (A.R.) and benzene - McArthur Chemicals

ftnhydrous ethyl ether - Mallinckrodt Chemical
Worl{s

n-Hexane - Fisher Scientific Co.

(b) Salts:

Anhydrous soditml sulfate (A.R.) and
sodium hydroxide - BDH

Potassium phosphate (KH2 POq.) - Fisher Scientific Co.

Sodium sulfate - McArthur Chemicals

4,4'-Dichlorobenzophenone and DDT - Aldrich Chemical Co.Inc.

DDE and DDD - Chern. Supply Kit Model No.
PS-IOO, Service No.701200

Atrazine, dichloroanilines and
linuron

(c) For cleaning:

Detergent

Acetone

- Chem. Service

- WR Scientific

- 1vlcArthur Chemicals

(d) PFK:

Perfluoro kerosene (low boiling) was used as a reference com-

pound for mass spectrometric analysis and was supplied by

Columbia Organic Chemicals Co., Inc., manufacturing and

research chemists, S.C.
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(e) Florisil:

500 g of 60/100 mesh florisil supplied by J.T. Baker was

heated. at 145°C overnight and then transferred to a bottle

with a glass stopper. 5% (w/w) distilled water was added

and the container was sealed tightJ.y. The bottle was

rotated end over end for 10-15 minutes and allowed to

stand for 24 hours vnth occasional mixing.

The following reagents were used for the element-

al sulfur analysis:

Barium chloride, bromophenol and
bromine water - Fisher Scientific Co.

Hydrochloric acid (A.R.) - BDH

Ammonium hydroxide - J.T. Baker Chem. Co.

Carbon tetrachloride and nitric
acid - McArtl1ur Chemicals

Carbon. disulficle (McArthur Chemicals) was distilled in all

glass apparatus and the 46.30 C fraction was collected dis-

carding the first 25 ml and the last 50 ml of the solvent.

( C) APP~~3!~ Af\TD.".l?Q~I~~NT:

(i ) J?or 2rin9-ing:

Porcelain mortar and pestle

(ii) For Extraction:

(a) A soxhlet (pyrex) with 5.3 em inner d.iameter,

25 em long with an 11 em long syphon was used for acetonit-

rile extraction. 1lle upper and lower standard joints were

55/50 (F) and 24/40 (M) respectively.
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(b) The 43 cm long condenser with 55/50 (M) (lower)

and 19/38 (F') (upper) standard joints was used. with the

soXhlet.

(c) Burrell wrist action shaker, Burrell Corp.,

Pittsburg, Pa.

(d) vJhatman cellulose extraction thimbles (W & R

Balton Ltd.) of single thickness and of 43 x 123 rom size.

(d") 500 ml separatory funnel (Pyrex) with teflon

stop cock and stopper.

(f) 38-M Buchner funnel for filtration.

(iii) For Concen~ra~ion:

(g) Rotary evaporator (Rinco, Can. Pat. #554,836)

with B-24/40(M) standard joint.

(h) Nitrogen gas - Linde Nitrogen, Union Carbide

(Canada) Ltd.

(iv) For Clean Up:

(i) Lab centrifu.ge (Fisher).

(v) For Analysis:

(j) 10 microliter syringe for injecting the extracts

- Hamilton Co. Inc., ~~itter, Calif.

(k) GC-MS:

A PYE series 104 gas chromatograph with temperature

programmer which was interfaced to an AEI-MSjO mass spectro

meter (dDublebeam, double focusing, of medium resolution

and of Nier Johnson geometry) with silicone membrane separ

ator was used :for these studies. A 5 t X 1/4 ff glass column

packed with 3% SE-]O on 100/120 Varaport 30 was used in the

gas chromatograph. Mass spectra were recorded on Kodak
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Linagraph direct print paper «Type 2022 Eastman Kodak co:;

at a seen speed of 10 or 3 seconds/mass decade.

solution was kept at 1000.

The re-

(vi) F~~Yhf?_~olysis:

(1) A silica cell (lsq.cm. x 4.5 cm) having two

opposite sid_es transparent and the other two translucent,

with a teflon stopper, was used.

(m) Mercury lamp - Hanana: , utility Ultraviolet

quartz lamp.

(vii) TLC Clean Up:

(n) TLC plates: Silica Gel iB-F - TLC plates

supplied by J.T. Baker Chemicals Co.

(0) UVSL.25 (Ultraviolet Products Inc.) - ultra-

violet lamp was used to visualize the spots.

(D) SAMPLE HISTORY:

Soil samples for pesticide residues analysis were

collected from different areas at different times. The

following samples were analyzed for this work:

(a) Vineyard Samples:

Samples # 6-8 which were collected in October, 1971

from Canada Muscats Brights Wines, BV-4 by random sampling

method, and were obtained from the Department of Geological

Sciences of Brock University. (TIne samples were taken 6

inches deep from the spot between the vines. J...ocations of

the samples are shown in Fig. 1 (distances of the spots from

the roads are unknown).



FIG I.

Locations of samples collected from

(a) Vineyard (Canada Muscats Brights Wines, BV-4)

(c) Cornfield
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Vineyard sampJ_es 9-14 were collected from different

spots of Canada Muscats Brights Wines BV-4 in November, 1972

as shown in Fig. 1. These were the surface samples (up to

1 inch depth) and '\Alere taken near the roots o:f the vines.

The reason for this was that the vineyard was ploughed at

the time when samples were collected. The samples so

collected were packed in paper bags. The soil was light

bro"m clay loam with some stones in it. (Chemicals sprayed

on the vineyard in the previous years are shown in Table

# 35)

(b) St~_eam_~ediment ...S~mp1-_e~:

Samples 4 and 5 which were collected for the trace

elements analysis in October,1971, were obtained from tIle

Department of Geological Sciences (Brock University).

(c) .90rn ~~e~0:..§~les:

Only one sample (# 15) was analysed. 'Ihe soil

(clay loam) was scraped and was packed in paper bags.

The following samples (d-f) were collected in

September, 1972, from these areas:

(d) Industrial Samples (#1) - First creek east of

Cynamid on Port Robinson Road, Niagara Peninsula area.

(e) Ag!,iculi?ur~2amp~~s (if 2) - East end of

Carlton st. to right of the bend, st. Catharines.

(f) Urban_~amples--iLJ)_ - On Cushman Rd., between

Carlton st. and Wel].and Ave., st. Catharines.
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ANALYSIS OF SOIL SAMPLES:

Severa]_ methods were used to analyze the soil samples

for pesticides.

is given below:

A brief description of the procedures used

Procedure # 1: Samples 1-3 were extracted three

times using a total of 350 ml of benzene. The samples

were~en for 3 x 30 minutes on a shaker at a moderate speed.

1ne solvent was separated from the soil by filtration using

a water aspirator.

'Ihe benzene extract was concentrated to about 10 ml

on a rotary evaporator and then to 0.2-0.5 ml by blowing

nitrogen gas over the solvent.

Any solid formed during concentration was separated

by decanting or by centrifuging. The solid was washed

several tiTtleS with benzene, dried and then was run orl the

mass spectrometer via the solid probe.

The benzene extract was then used for TLC separation.

TLC spots were either scratc:hed or were cut separately with

scissors and were again dissolved in a few drops of benzene.

Benzene was evaporated to dryness and tl1e residue was run on

the mass spectrometer using the solid probe.

Procedure if 2: Saroples 4 and 5 were divided into

two different parts each. The first part was analyzed by

procedure # 1 and the second part was extracted three times

using a total of 350 ml of acetonitrile. All other steps

were similar to procedure # 1 except that the final concen-



trated acetonitrile extra,ct was extracted by n-hexane by

liquid-liquid partition (procedure # 4). The n-hexane

layer was concentrated and was used for TLC separation, a

U.V. lamp was used for visualizing the spots and they were

analyzed as in procedure # 1.

Procedure # 3: A known weight of air dried soil

(samples 6-8) was extracted with 250 ml of benzene using

a shaker for 15 minutes and the extract was transferred to

a second flask containing fresh soil. The second flask

was again shaken for 15 minutes at a moderate speed.

This process was repeated t1flce and both extracts from the

second flask were mixed together for concentration.

The used soils (after benzene extraction) were

first air dried and then put into extraction thimbles.

One of the extraction thimbles was placed in a soxhlet

which was moistened with 15% water and was extracted with

acetonitrile for 24 hours. This sample was removed from

the soxhlet and the other extraction thimble containing

soil \teras placed in the soxhlet and the extraction procedure

was repeated. (Flow sheets of the method used are shown in

Fig.2). After the concentration step, the extract was

partitioned with n-hexane (procedure # 4), concentrated,

mixed with the concentrated benzene extract, cleaned up

(procedure # 4) and identified by GC-MS.

Procedure =/1 4: This procedure was taken from the

Analytical Methods for Pesticide Residues in Foods-Food. and

Drug Directorate (96) and was modified slightly.
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Fig. 2

FLOW SHEETS OF PROCEDURE #3

Used Soil (I) extracted
with Acetonitrile (A)
using Soxhlet

Used Soil (II)
Extracted with Methyl

~Extract~fIIIlIt_~--oICyanide (A) using
Soxhlet.

J Concentration]

l "Partition with Hexane _
and Concentration I~~~--~{concentrationl

Concentrated. Extract:~-----~~-:Cleanupl
,~ ~

Identifi.cationf
GC-MSf

[Extract'

(The extraction
Thimble containing
Soil (I) ,vas
replaced by
extraction Thimble
contairling Soil (II)'

Benzenel
~

IFlaSk ContainingL~_E_x-=t:::-r_a_c:-t_f"7"':r~o\m..::..-. ....J Flask (I)
Soil (II) r'" Flask (I) containing

Soil (I)

* Soil (1) and Soil (II) were two distinct part 'of the
same saile

* Concentration, clean up and partition steps are explained in
procedure lf4.
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Acetonitrile was used as an extracting solvent.

A known weight of the soil was placed in an extraction thimble

which was then put into the soxhlet. All glass apparatus

with standard joints was used for the extraction.

].5% (ltv/w) 'vater was added to the soil in the ex

traction thimble and after 5 minutes, 350 ml of acetonitrile

was poured into the soxhlet. Water was circulated through

the condenser and the voltage of the Variac was adjusted so

that the rate of cycling of the solvent in the soxhlet was

4-5 cycles/hour. After 24 hours, the extraction thimble

was removed :from the soxhlet and the soXhlet "t"1as rinsed

with pure acetonitrile 4-5 times.

For extracting a second portion of the fresh sample,

the used soil was removed from the soxhlet and the extraction

thimble containing fresh sample (of the same soil) was ad.ded.

The process was repeated for 24 hours using the same aceton

itrile.

Acetonitrile was evaporated on the rotary evaporator

while the flask was kept in a 'water bath at about 35°C.When

about 25 ml of the acetonitrile was left, the flask was re

moved and the extract was transferred to a 500 ml separatory

funnel with teflon stopper and stop cock. The flask was

rinsed with 5 x 10 ml of hexane and all the rinsings were

transferred. to a separatory funnel. 20 ml of phosphate

buffer (pl~epared by mixing 5.6 ml of .0.1 M sodium hydroxide

to 50 ml of potassium dihydrogen phosphate), 10 ml of di-

chloromethan.e, and 200 ml of hexane were addedo The
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separatory funnel was shaken :for ..j2 minutes and then 50 ml of

the saturated solution of sodium sulfate and 125 ml of dis

tilled water were added. The separatory funneJ_ was shaken

vigorously for about 5 minutes, the pressure inside being re

leased occasionally and the two layers were allowed to separate

out. Ag.ueous and hexane layers separated and the aqueous

layer was re-extracted with 150 ml of hexane. Both hexane

layers were mixed together and the solvent was evaporated on

a rotary evaporator at .35 ± 5°C to about 25 ml. The concen-

trated extract was used for the clean up. (Weights of the

samples used are given in Table 1).

(b ) Clean Up:

Florisil which was previously prepared for column

chromatography was used for the clean up process. An

ordinary burette having a teflon stop cock was plugged with

Pyrex glass wool and then tl1e column was packed firrn~y with

florisil up to 6 inches in height. Coarse granular an

hydrous sodium sulfate was then put at the top of the column

up to 1 inch in height. ~hen the column was washed with 200

rnl of n-hexane and the extract was poured on to the column.

It was then eluted with four different eluants using 300 ml

of each. The eluants used were: (i) n-hexane (ii) 50:50

hexane-dichloromethane (iii) 50:50 hexane-ether. (iv) ether

( (v) acetone only in some cases).

All four fractions were collected separately and

were concentrated to 5 mJ_ on a rotary evaporator. The

concentrated fractions were transferred. to different vials

and were concentrated further up to a few drops by blowing

nitrogen gas through the vials. They were then analy·zed.

on GC-MS.



TABLE 1

Sample No. Weight of the soil used (g)

(a) When shaker was used and the
extracting solvents were:

Method

Benzene

1 105.5

2 110.0

:3 97.8

4 112.4

5 114.5

Acetonitrile
--- - -- I

I

107.6

101.3 I
I

- - - - -,-.J

Procedure # 1

Procedure -il 2

(b) When benzene was used for the
extractions with shaker only
and acetonitrile for soxhlet
ex~ractions only:

Benz.ene Acetonitrile

6

7

8

9

128.4+110.8~ Re-extracted
(once each)

155.9+135.~

113.3+127.9-7

Re-extracted
(once each)~129.7+134.2

,I
t

I Proced.ure # 3

- - - ~ ._;

157.2+137.6

10

11

12

13

15

148.4

179.6

127.5

180.3+162.4

1,52.6

I
I
J

157 •5+159. 2 !
- - -1

Procedure # 4
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(All the following samples were analyzed by GC-MS)

Sample # 9 was divided into two parts. First

they were extracted twice with acetonitrile (procedure #4)

and then the used samples were re-extracted with benzene

using a shaker. The acetonitrile and benzene extracts were

cleaned up and then analyzed separately.

Sample # 10 was divided into two parts, the first

part was extracted with acetonitrile only (procedure # 4)

and the second part was extracted with benzene only, using

a shaker, and both the extracts were analyzed individually.

Sample # 11 was divided into three different

weights. The first two parts were extracted with acetoni

trile only (procedure # 4) and the third part was extracted.

with benzene using a shaker. Then both the extracts were

analyzed separately.

samples 12 and 13 were extracted once each using

acetonitrile (procedure # 4).

Samples 14 and 15 were extracted twice each using

acetonitrile (procedure # 4).

(c) GC-MS Analysis:

The concentrated samples were tested on a Varian

90 P3 gas chromatograph (with thermal conductivity detector)

and then were analyzed on a combined GC-MS system. It

was found after running only a few samples that on account of

the higher sensitivity of GC-MS, those sarnples which did not

show any peaks on the gas chromatograph, did show some com-
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pounds on the combined GC-~ID system. Thus it was thought

to be unnecessary to run the samples on the gas chromatograph

before analyzing on GC-MS

As described in the 'a~paratus and equipment' section,

the Pye Unicam gas chromatograph, which was interfaced to

AEI ME-30 mass spectrometer through a silicone membrane sep

arator, was used for the analysis in these studies. The

flow rate of the carrier gas (helium) was adjusted to 50 roll

minute and 1.5 - 2.0 pi sample was injected each time. The

column effluent was vented to the atmosphere for 1-2 ~inutes

depending upon the solvent, the temperature of the column

and. the col~n temperature program. Temperatures of sep

arator and s&uple lines were usually about 180 and 195°C

respectively. Temperature of the column was usually pro

grammed from 80-200oC at the rate of 40°C min. rise in

temperature. 1he scan button was pushed manually each

time when the peak on the total ion monitor recorder chart

was near the top (or when there was maximum pressure on

the ion gauge). All the spectra were recorded at 70 ev

except for a very few at 70 ev and 20 ev when there was

any doubt about the absence of the molecular ionQ

Some standard samples were tested on the direct

solid probe and the others were dissolved in some suitable

organic solvent (usually ether) and were analyzed on the

GC-MS under 'similar conditions for comparison.



(F) PHOTOLYSIS STUDIES:

To study the effect of sunlight on pesticides,
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some pesticides were exposed to U.V. light.

DDT was dissolved in diethyl ether, swirled and

allowed to evaporate in a number of quartz test tubes

(10 em long and. 1 em in·. diameter ) The test tubes so pre-

pared were exposed to U.V. light in the presence of hexane

by p]~acing them in flront of a low pressure mercury J_an1p.

Although times for exposure were from 1/2 hour to 4 hours,

the results were the same.

The only disadvantage of using the test tubes was

that temperature went up to 160°C. In order to keep the

temperature lOw(up to 60°C) so that the chances of decom-

position of DDT thermaily could be minimized, a silica

cell which was so designed that water cOlud have circulat-

ed outside it, was used.

In order to expose DDT in the above cell, about

one mg of DDT was dissolved in 0.5 ml diethyl ether and

the irrad.iation cell was placed ~rith a transparent face

down on a table. A few drops of DDT solution were put

into the cell with a dropper. Ether was allowed to eva-

porate.When the whole of the ether had been evaporated,

the cell was stoppered and was exposed to U.V. light for

half an hour, cold water was circulated. outside the cell

at the time of exposure. llfter photolysis, a few drops

of ether were swirled in the cell and the solution was

analyzed by GC-MS.

DDE, ~:DE, dieldrin, endrin, linuron, chlordane
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and some polychlorinated biphenyls (Arochlor 1232 and Arochlor

1242) were also exposed in the same way using a silica cell~.

The photolysed linuron showed some good. separation, when

analyzed on GC-:MS, but not the other compounds.
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(G) QU~~rI~e~TIYJL~TIMAT~Q~_OF TH~ ELEME1JT~~~YLFUR:

Vineyard and Rock Island. Line (R.I.L.) (received

from Department o~ Geological Sciences, Brock University)

and Orchard (obtained from H.R.I.O., Vineland) samples were

analyzed to study the variation of elemental sulfur (88) in

different soils. The locations of R.I.1. samples are

shown in Figure 3.

Test portions (50g) of all the vineyard and R.I.L.

samples were extracted with benzene (250 ml) using a shaker

and the crude extracts were tested on solid probe of the mass

spectrometer after evaporation of the solvent. The samples,

which did not shoYl any sulfur in solid probe mass spectrum,

were not extracted with carbon disulfide for quantitative

estimations of sulfur excepting the RGF and AAB samples,

which were done only to compare the qUalitative and quan

titative results.

Estimation of the elemental sulfur was done by the

AOAC method (97)

A known weight of the soil was extracted with 350 ml

of carbon disulfide using a soxhlet for 24hours. Time of

cycling of the solvent was adjusted to 4-5 cycles per hour.

The extract was transferred to a beaker. Solvent was then

evaporated by placing the beaker in a water bath at 35-40oC

and blowing nitrogen gas over the extract. The residue

left was placed in an oven at 6o-70oC for about 15 minutes

and was then allowed to cool to room temperature. 10 ml

of a saturated solution of bromine in carbon tetrachloride

was added aIld the beaker was allowed to stand for about
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FIG 3

Locations of Rock Island Line samples
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half an hour with occasional shaking. This was followed

by the addition of 15 TILL of concentrated nitric acid, the

solution being allowed to stand for half an hour again.

The above solution vlas evapo'rated on a hot plate to approx

imately 5 ml which was followed by the additiOl1 of 20 ml

of hydrochloric acid. lhen it was concentrated to about

5 ml on a hot plate. Then 50 ml of water was added,

filtered and washed with 2% hydrochloric acid. 1be ex

cess hydrochloric acid was neutralized using dilute ~

monium hydroxide until the bromophenol indicator turned

blue. 1he above solution was slightly acidified, dilut

ed to 150ml with distilled water and was treated with

sufficient volurfle of 100/0 barium chloride solution for com

plete precipitation. The solution and the precipitate

were then digested on a steam bath for one hour, cooled to

room temperature and filtered through a gooch crucible

which was previously ignited at 500°C and weighed. The

precipitate was washed several times with hot water until

free from chloride.

The crucible containing precipitate was then ig

nited in a muffle furnace at 500°C at about 45 minutes,

cooled to room temperature in a desiccator and weighed as

barium sulfate. A blank experiment vas also done at the

same time and the correction was made in the results.



CHAPTER III

RESUL'TS AND DIS CUSS ION-



CHAP~eER IlIA

RESULTS

This section contains tables of mass spectra of

some of the identified compounds, mass spectra of compounds

similar to known compounds, and eight peak mass spectra. of

unidentified compoilllds. In some cases where more than

eight significant peaks were observed, an additional

number of peaks are given.

Tables of photolysis products of linuron and

quantitative results of elemental sulfur are also in-

included in this chapter.

Discussion of these tabulated results follow on

page 82.

41
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TABLE 2 .i

Mass Spectrum of 4,4' - Dichloro benzophenone

m/e RIA m/e R,A.

255 0.3 114- 0,8
254 2.1 113 15.0
253 2.3 112 e 5 O~J

252 17.5 112 4.6
251 3.3 111.5 0.5
250 30,1 111 38,8
249 0.6 110 1.1
248 0,2

105 0.4
224· 0,4- lOll· 1,2
223 0,1 103 0.1
222 0.6 102 0.2

101 0,2
218 O. /~. 100 0.2
217 2.1 99 0,4
216 1,2 98 0.4-
215 .5.3
214· 0.7 94.5 0.2

9!J· 0.6
188 0.3 93•.5 0.3
187 0.2 93 1.7
186 0,5
185 m* 88.6 m*

87 0.7
181 0.1 86 0,4
180 O.~· 8.5 2.3

84- 0.6
164- 0.2
163 0.1 78 m*
162 0.1 77 1.1
161 0.2 76.5 0.2

76 5.3
153 0.3 75.5 0.5
152 2,2 75 22.5
151 1.0 74· 3.5
150 0.8 73 0.9
14-9 0.2

63 0.7
1!~3 0,2 62 0.5
142 2.8 61 0.7
14-1 35.1 60 G.2
140 7.3
139 100,0 53 0.4·
138 0.5 52 0.3
137 0.2 51 3.4-
136 0.2 50.8 m*

50 5.4
126 0.3 4·9 0.6
125 0.2
124· 0,1 39 0.5
123 0.2 38 0.7
122 0.1 37 0.5

36 1.1
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TABLE 3

(GC-MS) + = 248)Mass Spectrum of Linuron ( i~·

m/e R.A. m/e R.A.

25lJ. O.~· 128 0.9
253 2.2 .127 5.6
252 7.5 126 7.9
251 11.3 125 16.4·
250 31.7 124 19.3
2q9 15.3
248 52.6 112 1.5

III 3.5
203 0.2 110 3.8
202 1.9 109 9.6
201 0.8 108 0.7
200 2.9 107 2.7

192 1.3 101 0.9
191 1.4· 100 1.3
190 8.4- 99 3.5
189 11.9 98 3.0
188 13.4· 97 5.5
187 19.3 96

91 1.1
184 1.5 90 5.7
183 1.1 89 3.0
182 3.9 88 .5.3

87 1.1
166 1.LJ· 86 1.3
165 5.3 85 1.1
164 6.8 8lf· 1.3
163 25.3 83 0.9
162 13.1
161 37. 2 76 1.1
160 6.7 75 4.8

74 3.2
155 0.5 73 5.3
154 0.2 72 2.1
153 2.8

65 1.5
lLJ·9 1.8 64 1.8
148 0.7 63 8.6
147 6.9 62 5.7
11}6 1.3 61 100.0
1~'5 11.3 60 16.9

59 1.8
137 2.7 58 2.5
1)6 1.4 57 1.6
135 15.6 56 7.3
134 1.9 55 0.6
133 22.7

46 17.~·

45 7.1



TABLE 4
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+Mass Spectrum of 3,4-Dichloro-Aniline (M· = 161)

m/e R,A.

165 15.5
16q· 5.6
163 62

8

'

.1.

162 2.3
161 100,0

135 3.1
1)h4 4-.1
133 5.3

128 1.0
127 2.8
126 10.2
125 5.9

101 5.6
100 3.1
99 6 ")

.t:.,

91 6.2
90 11.1

81 3.7
80.5 6.2
80 5.6

72 9.3
71 3.7
70 11.7

64- 1.9
63 8.7

57 21.6
56 8.0
55 13.6

If,3 16.7
4·2 10 •.5
4-1 19.2

36 38.3
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I'1ass ectr1JTl1 of

lq")
".:;

192
191
190
189
188
187

165
16tt
163
1c,2
J_61

12(:>
1125
12t~

101
J.OO

99

57
.56
55

3·/()
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R.l~.

9• .5
8.h

67 .L~
13.7
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9 •.5
8.1.,L

12.6

9.5
6.3

12.7

37.9
16.9
35.8

.55.8
12.6
1+6. L~
L~l~_. 2
23.2

31.1

1 no \
_t.· / )



TABLE 6

Comparison of the mass spectra of~pure atrazine (solid
probe) and compound identified to be atrazine extracted
from the soil (GC-MS) (Mt = 215)

m/e

218
21
216
215
214·

204·
203
202
201
200
199
198

189
188
187
186
185
184

181
180

176
175
174
173
172

162
161
160
159
158
157
156
155

152
151

148
147
11.J6
lQ·;

R.A.
(Pure atrazine)

2.9
20.7
7.7
64.1
8.2

0.2
4-.3
35.8
10.1
100.0
1.1
2.2

1.4
1.0
5.1
3.6
0.2
1.4,

0.5
2,8

1.2
12.8
8,5
32.4
14'.9

0.2
0.9
14,.4

2.9
13.0
2,4·
0.5
0,6

0.2
2,0

0,4
3.7
1.2
9,4

R.A.
(Compound found
in the soil)

2.7
21,8
8.1
68.2
HBG

Negligible
5.5
32.7
11.8
100.0

Negligible
1.1

Negligible
f.

2.3
0,2

Negligible
If

..
tt

HBG
14.5
6.3
42.7
18.1

4.5
2.7
16.3

Negligible..
..,

-
7,2 -I
4•.5 I HBG
12.7J
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~ j

m/e R.A. __ R.A.
(Pure atrazine) (Compound found

in the soil)

144· 0.4· Negligible
143 1.4. ff

139 1.0
1)8 10.1 13.7
137 1.7 2.3
136 2.1 3.7
135 0.5 0.5
1)4 l~~.4 5.9
133 1.3 1.6
132 12.8 12.7
131 3.1 5.4·
130 5.8 8.1
129 3.9

12!Jr 0.4·
123 4-.3 6.3
122 10.1 9.9
121 0.9 l~egligible

120 0.4,· Jt

119 0.6 "
118 0.6 ..
117 1.2 It

116 0.9 It

115 0.2 It

III 0.8 Negligible
110 4-.4 5.2
109 1.8 Negligible
108 1.8 It

107 2.7 ft

106 4.1 5.t~

105 7.0 10.9
104· 12.8 15.4
103 O.~· Negligible
102 0.4- "
101 1.4 It

100•.5 1.0
100 4·.Q·
99.5 2.2
99 0.1

97 2.5 5.7
96 12.4· 14-.9
95 3.5 5.8
94· 8.3 12.3
93.5 9.8 15.4
93 7.4 8.5
92•.5 10.9 15.7
92 0.8 Neg:l.igible
91.5 0.9 tt

91 Q·.8 7. 2
90 1.4 Negligible

Cant'd•••



role

87
86
85.5
85
84
83
82
81
80
80.5
79
78

73
72
71
70
69
68
67

59
58
57
56
55
54
53
45

44
LJ·3
42
LJ·l
Q,Q

39
38
37
36
35

33

R.A.
(Pure atrazine)

4.9

0.6
1.0
0.8
5.2
1.0
1.4·
1.0
0.5
3.1
1.2

1.8
1.~·

27.6
3.3
21.6
33.4
3. 2

3.2
74.2
3.7
3.1
8.5
2.6
4-.5
1.0

11.2
60.0
14-.8
14-.3
1.2
7.2
2.0
0.9
6.8
0.9

R.A.
(Compound found

in the soil)

5.6

7.5
3.2
2.3

Negligible

3.7
-
36.3
5.5
38.5
3.5.8
7.8

86.3
10.9
HBG
"
tt

ft

Very high back
ground..

53.6
18.7
19.6
HBG..
It

"
.t

HBG - stands for high back ground
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TABLE 7

Mass spectra of ~u1fur taken at two different points of
the GC Peak (M. = 256)

m/e R.A. R.A.
(Point A) (Point B)

260 0.2 2.6
259 0.1 1.1
258 0.8 15.6
257 0.1 3.3
256 1.9 38.0

228 0.2 0.6
227 0.1 0.2
226 0.5 4.5
225 0.1 1.1
224 1.6 13.6

196 0.5 3.2
195 0.3 1.1
194· 3.3 2.~~

193 0.6 !J,.l.).
192 9. 2 80.0

16.5 0.2 0.4
164 0.1 2.3
163 0.2 0.8
162 1.3 20.4,
161 0.3 3.6
160 5.5 76.8

132 0.1 1.1
131 0.5 0.4
130 1.4 13.8
129 0.3 3.0
128 .5.5 60.8

99 0.4 0.8
98 0.9 6.8
97 1.7 2.2
96 4.6 18.4

76 1.2 12.8

66 114~. 7 64.0
65 2.9 14.8
64 100.0 100.0

34 5.8 9.6
33 2.7 6.0
)2 42.3 73.6

49
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TABLE 8

+Mass spectrum of Di-n-butyl Phthalate (Me = 278)

50

m/e

278

224
223

206
205

151
150
lQ·9
148

123
122
121

105
10/4.

77
76
75

69
68
67
66
65

57
56
55
51.J·

4,3

4·1

39

29

R.A.
(observed)

0.6
4.4-

1.6
12.2
100.0
0.6

1.4
2.0
2.2

1.0
0.4
0.6
0.8
1.8

6.2
5.6
2.6
0.6

R.A.
(In the
literature)

0.78

6

5

9
100.0

5
4-

5

5



TABLE 9

+Mass spectrum of Diallyl Phthalate (M· ::: 246)

m/e R.A. R.A.
(observed) (In the

literature)

246 0.00 0.00

191 1.3
190 3.5
189 24.8 24
188 9.6 9

173 0.87
172 3.1

150 6.5
149 63.1 58

1)3 3.5
132 18.3 15

105 5.7
104 15.6 12.4

99 0.9
98 7.8 9
97 3.5

73 5~2
72 0.9
71 l~.8

70 .2.6
69 4.4
98 2.2
67 3.1
66 1.3
65 5.7

57 6.1
56 1.7
55 5.2

43 7.~'
42 1.3
41 100.0 100.0
40 3.5
39 15.7 10

51
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TABLE 10

+
Mass spectrum of Triphenyl Phosphate (r1- == 326)

52



53
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m/e R.A. R.A.
(observed) (In the

literature)

78 17.9
77 72.6 80
76 5.0

66 6.7
65 4·,.1 50
64 3.8
63 6.3

57 3.3
56 0.8
55 3.8
.52 LJ•• 2
51 30.9 31
50 4.2

39 28.8 28
38 3.8



TABLE 11 ~j

Mass spectrum of Trddeoane (Mt = 184)

54

m/e R.A. R.A.
(observed) (In the

literature)

185 1.2
186 7.2 8

170 1.3
169 3.4

127 4.2
126 2.1
125 3.6
12~~ 1.1
12; 3.~·

121 1.3
120 1.2
119 8.5

113 6.2
112 .5.9
III 6.9
110 2.1
109 5.5

106 0.9
105 5.0

100 0.9
99 10.0 8
98 3.9
97 3.0
96 3.4
95 6.9

86 3.2
8.5 27.1 33
84, 6.8
83 6.9
82 4.9
81 6.4

72 3.6
71 58.6 55
70 6.2

58 4•.5
57 100.0 100.0
56 7.2
55 17.9 I)

Cont'd•••



m/e

54
53
43
42
41
!.#.o
39

R.A.
(observed)

R.A.
(In the
literature)

84

27



TABLE 12

+Compound Similar to Chrysene or TriphenYlttne (Me == 228)

56

Found in the sample # 11 (acetonitrile)

m/e R.A.
( o·bserved)

230 7.l.J·
229 27.2 21 20
228 100,00 100.0 100.0
227 9.9 8 9
226 31.5 22 25

147 3.1
146 0.6
145 4.3

119 1.9

114 22.9 11 17
113.5 7.4
113 20.4- 1:3 18
112 8.7 5

101 11.8 10
100 8.7 8

83 10.5
82 5.6
81 9.9

71 11.1
70 6.8- --
69 15.5

57 22.2
55 21.0

43 24.7 21
q·l 21.6

*1 Eight Peak Index of Mass Spectra
~, 1366 (1970)

*2 Eight Peak Index of Mass Spectra
2, 1367 (1970)
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TABLE 13

Compound Similar to 2,6 - Ditert butyl, 4 - methylphe~ol
.'. (Mt = 220)

Found in the samples: 6,8, 9 (~cetonitri1e), 11 (benzene),
11 (aceton1trl1e),12 (acetonitrile), 15 (acetonitrile)

m/e

221
220

206
205

178
177

147
146
Iq,S

126
125
124

99
98

83
82
81
80

74
73

57
56
55

43
42
41

-

R.A.
(observed)

4.0
29.9

18.
100.0

4.7
2.0
9.3

3.3
1.3
7.3

2.0
6.1

4-.7
1.3
12.7
2.0

2.0
15.3

16.0
4,.1
10.1

9.3
3.9
20.7

8.0

ReA In the literature *
(For 2, - Ditert butyl, 4 - methyl

phenol)

31

16
100.0

8

6

14

5

8

5'7

* Eight Peak Index of f4ass Spectra
~, 1338 (1970)
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TABLE 14

Compound similar to Phenyl ~- naphthylamine eMf = 219)

24

17
100
70
58
16

13

9

Found in the samples. 8, 11 (acetonitrileh 15(acetonitrile)

R.A. (In the literature)*
(For Phenyl 0{ - naphthylamine)

m/e R.A.
(observed)

221 5.2
220 18.1
219 100.0
218 41.3
217 37.5
216 7.8
215 1.3

128 2.6
127 7.1
126 1.1'.5

116 5.8
115 12.9

110 2.6
109.5 9.7
109 7.8
108.5 17. ll·
108 3.2
101.5 1.9
107 2.6

77 7.1
57 10.3
56 3.9
55 7.1

43 7.8
41 5.8

* Eight Peak Index of Mass Spectra
~, 1355 (1970)
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TABLE 15

+Compound similar to 4,6,8 Trimethylnonene - 1 (M· = 168)

0.0

29

Found in the sample # 8

R.A. (In the literature)*
(For 4,6,8 trimethyln-on~M- 1)

m/e R.A.
(observed)

169 0.8
168 3.6
167 6.3

154 4-.4·
153 4.9
152 3.6

142 1.1
14~1 6.3

122 1.9
121 10.1
120 2.7
119 10.4

109 6.1
108 3.0
107 8.2

99 2.5
98 lJ·.4·
97 16.2
96 .5.5
95 8.1
94 3.3
93 9.0
92 4.4
91 7.4

86 1.6
85 18.7
81~ 7.1
83 17.3
82 7.4-
81 13.4-

71 26.0
70 12.9
69 18.6

58 3.3
57 75.4

Cont'd•••



m/e R.A.
(observed)

56 14.3
55 17.5

43 100.0
42 7.1
41 43.3

40 26.0
39 lO.LJ,

27

60

R.A. (In the literature)
(For 4,6 ,8-trimethYlnonene~-·1)

27

100.0

70

24



TABLF~ 16

Unid.entified. compounds in sa,mple # 2

TLC Molecular
_S.p_~_t:_It J-?!1_~~ ~!~

Eight Peak Mass Spectra
}(B )_*_. 2 ! _ _ __ ___ ~~ ~ __ _ __ ? ?___ ___ ~ _ Natllre of the C

r-! II
\.0 1. Last big peak 57 71

at m/e=310(3.1) (100.0) (85.8)
185

(.53.9)

85
( ll8. l l-)

97

(1-t-1f-. 0)

4,3

(32 .3)

83
(28.4.)

69 Seems to be mix

(21.6) many compounds.

2.

3.

May be

279( 114,.8)

280(5. 2)

Unknown last

big peak at

362(1.8)

363(0.5)

l l'-9 57
( 100 •0 ) ( 71~.•9)

57 71
(100.0) (83.8)

71
(48 e 6)

85
(62.4)

167
(l~·8.6 )

97

(1+0.5)

4-3
( ~.!J.8)

69
(38.7)

70
(4"1.6)

99
(311.• 7)

83
(39. 2 )

70
( 31.1)

113

(31.3)

83
(29.6)

Loses 279-26)=c

May' be some ph t

( ..t\lso present i

# 1 and 4· (acet

Other slgnifica

were at the fol

mass numbers:

324-, 309, 295,

2.52 , 239 and 19

lJ, •

5.

183(6.9)
18LJ{ 0.4.)

May be

4,,28( 2$9)
4·29 ( 0.8)

4-4,

(100.0)

149
(100.0)

4,5

( 31.5)

167
(37. l1·)

56
(20.3)

185

(15.9)

55
(15.7)

57
(15.8)

57
( lLJ.• t,.)

4·3
(12.3)

71
(13.9 )

297

(9.1)

69
(1).4,)

316
(8.3)

95
(7.8)

392

(6.2)

Loses 183-168=C

(Also present i

Loses 4.28-4·1J=C

Note: (B)* - Signifies the base peak.
Numbers in the brackets in Eight Peak Mass Spectra are the relative abundances.



TABLE 17

Unid,entified compounds in sample # 4

EighJ,__geak i1ass Spectra
l~-... ------'5-- 62 3

N
\.0

TLC,
- ~~J2C?~ #

Molecula,r
_IQn_~.L!!l~

Unknow'n last big

peak a~t

3Lt·S( 35.8)
J4·6(O~9)

_11·B)~. _

62

(100.0)

197
(63.4)

173
(4~·.7)

135 .

(U).3)
87

( 26.2)
73

(25.6)

7

71
(23.7)

.g

315
(8.1)

Natllre of the Cc

Elution I101ecular
-Eril~~t9!1 J.9~ _a! _1l!L~.

TABLE 18

Unid.entified, compound.s in sample # 6

Eight Peak T1ass Spectra
JQ3L~ ~ ~ lf~ ~ ~ 7 ~_

Nature of the c
~~~~ _P-?~~~b!~ ~:r:

,......

Hexane Unknown. Last big 57 4,3 56 41 71 85

Peak at (100.0) (13. 2) (11.8) (10.6) (10.1) (7.4·)

11~O(0 .14-)

105

(4·.8)

55
(4'.3)

Loses

140-1251 -CH
3120-105J

99-85

185-71 -CHz71-57
57-q'~1

Hexane lll.r{ '.8) 57 ll) 71 70 .56 85 4·1 lJ,2 May be or simi]

lIS( 0.4·) (100.0) (88.6) (23.8) (21 e 9) (18. LJ.) (lLJ'. 7) (12.8) (12.4·) CH 3 -( CH 2 )6-CI-f 3

Hexa.ne 128(5.2) 57 ll) 55 ~·l 83 56 69 71 l\1ay be or simj.:

129( O.lJ.) (100.0) (98.7) (95. 6) (7.5.8) (67. 4.) (63. 2) (53.3) (4'7. 4.) CH 3 -( CH~ )7-CH3

Cont'd



Elution Molecular
Fraction Ion at m

Eight Peak M~~~Spectra Natll:r~e of theCa
_l{Bl* ~ l ~ i . _6 7 13__ _-?l1i3._~~~sjb].~ _g;r

CV\
\D

Hexane May be

163(0.5)
16.5(9.7)

57
(100.0)

55
(54,.6)

43

(52•4 )

4,1

.50.8)

71
(lh9.7)

85

(4'5.9)

56
( 4'3.6)

97 Loses

(29.7) 129-11~ CH
112-97 J · 3

97-85 J =C

85-71 ]
71-57 CH"
57-1-1,3

Hexane Unknown

Hexane May be

170( l.t~81

171(0.8)

I

Hexa.ne Ma.y be

156(4.3)
157(0.7

Hexane May' be

155(2.1)

l.f.)

(100.0)

57
(100.0)

57
(100.0)

57
(100.0)

156

(57.8)

ll)

( 85.1~.)

~'3

(93.8)

43
(6l J... S)

55
(49.3)

55
(64.•6)

71
(73.7)

71
(62.9)

71
(lJ·5.3)

l·f·l

(52.7)

119

(LJ6.0'

85
(60.6)

57
( 36.8)

71
(52.7)

13[J·

(28.7)

99
(16.4)

41

(33.4)

56

( l.J·O.2)

55
(23. 4.)

113

(1.5. 2)

85
(29. 2 )

85
(33.7)

41
(23. 2)

127

(5.9)

IlJ'l

( 24·.1)

69 Loses

(29.h) 133-1191
111-97 I
85-71 I CH 2

71-57J!
57-4"3

1'"'
If M. == 170, rna
or simllar to
CH: 3 -( CH~)lO-CH3

69 Loses

(20.1) 134·-119 = CH 3

119-10.51
105-91 CH2
91-77

155 Loses

(2.1) 57-4'3
71-57
85-71 I CH
99-85 -

113-99
127-113

Cent t d.•••



Elution 1~101ecular Eight Pea.k IV1a.ss Spectra Nature of the Cc
~~ct~1.~~ ~o~_~~_ ~e l(B)* 2 J I!. 5 6 7 8 and possible grc

- - - - - - _. - - - - - - - - - - - ~ - - - - - - - - - - - - - _ ....- - - - - - - -- - - - - - - - -- - --- ----------~-

50:50 126(2.2) 91 106 105 55 77 51 92 107 Loses

Dichloro- 127(0.3) (100 0 0) (7'-1-.3) (28.2) (17.1) (14.2) (11.6) (11.6) (8.3) 126-111 = CH 3

methanel 111-97\
.....j-

11 91-77 j CH z\.0 Hexane
69-55

i

5.5-l f·1
1

_J

50:50 Unknown 57 85 .58 83 108 71 1~·1 69 Loses

Dichloro- (100.0) (144-.9) (4·0.6) (33.7) (28.7) (25.8) (2!~,.9) (19.7) 100-85 = CH 3

methanel
85-7i;
71-57· CHz

Hexane 57-4·3:

50:50 Unknown 57 56 If-) 71 l~l 85 55 69 Loses HaO(113-9:

E~her/ ( 100.0) (72.2) (62.1) (55. 2) (39 .1~-) (32• 2 ) (20.6) (17.8)

Hexane Note: No compoun.d ~1"as fotLYld from 100% ether elution fraction

TABLE 19

Unidentified. compounds in Sample # 7

Elution Molecular
-Er~~~_~9g IO!!_~~_mje

Ei.ght Peak Mass Spectra
l(~)_~ ~ . _ 2 '~ .__~ 6 . __ (. _ __ __ _ 8

Nature of the C(
and possible grc

Hexane Unknown 57
(100.0)

If'3 71

(90.4-) (89.6)

It>l 55

(75. 2 ) ( 60 •J)
69

(52.1)
85

(39 .!~,)

97 Other significax

(37.!J,) were at the mas~

170, 155, 111,

123 and 109

Cant'd.••



Elutton Molecular
!:rit9.!:~oB !~!1__a_t_ ry.L~

Eight. Peale Mass Spectra
!(13)~ 2 ] l~ 5 ~ 7 IS

Nature of the C

lJ"\
\.0

n-hexane Unknown

n-hexane 178(38.0)
179(7. 2)

180(0.7)

57 14·2 55 1~3 71 115 85 If·l (Also present i

(100.0) (58.2) (5l~~.7) ( IJ·9. !.J,) (l!9. 2 ) (4·1.3) (29.1) (28,2) sample # 8)

57 L'-3 71 55 l-f·l 178 85 69 Loses

(100.0) (82 .1J~) (71.3) (4'7. 2) (If·7.1) (39.4.) (29.7) (23.3) CH 3 (178-163)
CaH4 or 90 (178

(Also present in
8)

No compound. was seen in th.e other three fractions when the fractions w'ere run on GC- l'lS

T.ABLE 20

Unidentified compounds in Sample # 8

'Elution 1-101ecular
Fr£l.9~~o!.l ~!!-.il~ _m/~ l(I3)~ . 2

~ig1}~~akJja_~~_ Spectra
_ _ 3_ _ _ _ _~ _ _. _ 3 _ _ _ _~ _ _ __ _J _ _ _ 8

Nature of the C
L-- _

n-hexane May be

155(1.1)
156(0.8)

157(0.1)

57

(100.0)

85
(70.2)

71
( 6~ <8'....... J

9

(21.9)
55

(14·.2)

70
(9. 4.)

c6

(5.5)

113

(4.7)

Cant' d.• G ••



Elution Molecular Eight Peak ~~ss Spectra Nature of the C
Fr~~t!~ !912 ~Ji ~~ 1(B )~ _ _ _ 3 ._ _~___ __ _If-_ _ -~'_ ~ _ _ __ __~ _ _._J __ ____ ~ _ __ _ __ ___ _

n-hexane Unknown 1l'3 57 71 55 J~'l 69 8.5 97 Loses

Last big peak (100.0) (63. 2) (35. 6) (27.9) (27. 4.) (22.8) (19. 2 ) (18.3) 151-1371

t 111-971
~ ! was a \ 85-71 C'rh

182(3.6.. ) 71- 57J
183(1.5) 57-43
184(2.1) 1~-123 = HaO

n-hexane May be 57 43 71 55 41 85 97 69 May be a hydroc

192(214<.7) (100.0) (93.4·) (ll·I.7) (38.2) (37.5) (33.7) (23.6) (21.8)

19J(6.9)

n-hexane T\1ay be 57 55 ~'3 71 83 85 97 69 I·1ost of the big

206(7.1) (100.0) (87.3) (81.1~.) (81.~·) (q·I.?) (34-.8) (34,,1) (211-.2) a mass d.ifferen

mass units indj

possibili ty' of

carbon

50:50 57 h,3 u·S 55 59 Q··l 83 109 (Also present i

Dichloro- 128(72.5) (100.0) (100.0) (98.7) (85.5) (71.6) (68~1) (58.4) (51.9) # 7)
methane! 129(10.0)
n-hexa.ne

50:50 Unknown 57 71 ~!3 85 55 69 119 4-1 ~1ay be a hydroc

ether/ (100.0) (63.8) (60.2) (4.2.7) (4,2.4) (35. 2) (28.1) (25.7)
hexane



i..'
\.0

Elution Molecular
.f~~qtion_ IOQ _at _ff}/~

II

TABLE 21

Unid.entified. compound.s in Sample # 9 (acetonitrile)

Eight Peak. Mass Spectra
l(~)~ 2 J .__ ~. 5 ~ . __ 7 8

Nature of the v~

50:.50

Ether/

hexane

Unknown 149
(100.0)

57
(59.9)

4·1

(52.6)
.)

( 1~'3.1)
55

(39.0)

69
( 32• 2)

95
(29.3)

58 May be some phtJ

(26.5)

Elution
Fraction

Molecular
lp!l_ ~t_~!~

TABLE 22(a)

Unidentified compounds in Sample # 10 (benzene)

Eight Peak Mass Spectra
1(~)_*- 2 ) ~ . _ 5__ __ __ § 2 .__~

Nature of the C

Benzene Unknown. 178

Last big peaks (100.0)

liere a,t

222( 14,.8)

223(3.1)

22l f.{ 9.6)

43 152

(18.7) (16.4)
57

(13.1)

4·1

(12.8)
176
(12.0)

222

(11.3)
179
(9.6)

r~o peaks were seen from the other fractions (l.e. I)ichloromethane/Hexane,
Ether/Hexane and Ether) of the above sample.



Tl~BLE 22( b)

Unidentified compounds in Sample # 10 (acetonitrile)

Elution Molecular
Fr~c~~o~ }~~_~t~_~!~

Eight Peak fvlass Spectra
l (~J_~ _ ___ __ ~ _ _, _ ___ ~_ ___ ___ !~-,_ _____ _5 _____ _, __6_ ____ _ _'[ ___ _ __ 8

r~ature of the C

~ II
Hexane Unknown. 128

La.st big peaks (100.0)

were at

218(5.1)
219(1.4·)

51 1+·1

(50.7) (4.2.8)

14.3

(37.1)

119

(37.1)
55

(9.8)
57

(9.5)

6lJ.

( 3.2)

Unknown. 57

La.st big peaks (100.0)

Unknown 4,1

(100,0)

Hexane

:Hex'ane

Hexane

Un-known

w'ere at

216(21.5)
217(.5.1)

218(5.9)

156
(100.0)

14·1 4,3 .55 l~·l 57 39 71
(63.5) (60.1~) (149.7) (ll8.9) (39.Q·) ( 28.8) (21~.•9)

l"3 55 57 71 18LJ. 196 83

(98.5) (95.3) (86.1) ( 38.2) (37.6 ) (37. 2 ) ( 35.1)

J+3 h·1 55 71 85 91 178 Other significa

(8q,,?) (67.9) (52,4.) (51.6) (37.3) (29.S) (26,2) were at the mas

105, 119. May

hydrocarbon

Cont· d.••• II



Elution
Fraction
'-------

Molecular
!O!!_~!_~/'8

Eight Peak !~lass Spectra
!lB)~ .,~ __. ) .__4. 2 6 J __ 8

Natu.re of the C

0\
\0

Hexane

50:50

Unknow'n. 4,3

Last big peak (100.0)

was at

206(26.3)

Unknown. 58

Last big peaks (100.0)

were at

250(.5.7)
251(1.3)
252(3.3)

55
(88 •.5)

59
(100.0)

57
(88.5)

,,3

(97.9)

4·1

(86.3)

4·1

(77.0)

TABLE 23

202

(85.5)

.55
(7ll.• Lt-)

69
(5.5. 6)

60
(4-7.3)

71
(4,1~.•9)

149

(lJ'5.8 )

97

(36.6)

83
(32.1)

,ElujCion
Fractio

Molecular
ion _9-~. _ffi:Le_

Unidentified. compounds j~n Sample if 11 (acetonitrile)

Eight Peak I1ass Spectra
1- Q3_) ~~_ _ 2_ _ _ _ _ _~ _ _ 4 ~ __ ___ _ _ 6_ _ _ _ _7_ _ _ ?_

l\ature of the (

Iiexane Unknown,

Last peak at

218(1.9)

119

(100.0)

134·

( 33,8)
91

(17.3)
105

(~6.8\

77
(16.0)

57
( lLf·.l)

4·)

(1
'
1.• 0)

LLI

(138 6)

Loses

14,9-1341
134-119J

119~l051
105-91 J
218-191

CH3

CH,a
.,

=CaHJ

Cont t d••.



Ell-ttian
Fra.ction

Molectllar
!O!l_~~_mj~

Eight Pec~kr~1ass Spectra.
1Q31* ~ 2 ~.} 5 ~ . 7 .__~

llature of the C

o
t-

Hexane 216(100.0)

217(11.3)
216

(100.0)

57
(IOOe O)

91
(91)

4·1 & 4,3

(90.1)
105

( R7 1.))L OJ

178

(4,1.7)
71

(4,,0.0)
Loses +

1
5
1. '78-151 == CaH 3

(35.
4

) 151.-1351 CH.a
119-105j
137-119 =: HaO+
91 = C7H 7

50:50 fila.y be

Dichloro- 167(74.88)
methane/
Hexane

11-)

(100.0)

l~·l

(93,6)
167

(71J-.9 )
57

(71·J'.9)
55

(71.8)
69

(LJ·9. 0)
71

(ll6.1)
83

(30.2)
DOllbly charged.

m/e 83.5

5°=5°
~t11er/
Hexane

!t1a..y· be

252(6.8)
253(3.1)

169
(100.0)

4·1

(76.5)

IlJ

(50&2)
55

(1$9.6)

TABLE 21J·

57
(IJ9. 6)

131~.

( l~1t·.6)

10
4
5

(!~1.f'. 6)

69
(39.7)

Loses

13!~·-119 == CH 3

119-1051 CH
11.18-131~ J.a

Elution Molecular
Er~-9t~_~n_ lC!-n_~~ ~/~

Unidentified compounds in Sample # 12 (acetonitrile)

Eight Peak !vJass Spectra
l (~1~~ __ _.. _~ _ 3 ____ ,!' _______ ._ 2 __ ___ ~ _ __ __ J__ _ ~

Nature of the C

Hexane Hay be

392( 39 .6)
393( 8.1)
39 ll{2. If,,)

395(Q.6)

81

(100.0)

297

(86.9)

392

(39.6)

129
()8.3)

77
(24-.6 )

l!'7
( 20.2)

273

(15 .1~-)

125
(lLJ-.8 )

Cont' d.•••



Elution
Fraction

Molecular
~on a~_~lL~

Eight Peak ~1ass Spectra
l(B)* 2 3 4 5 6 7- - - - - - -. - - -- -- - --- - - - - - - - - - - ._- _.. - _. - - - _. - .... - - - - - - ... - -- - _. - ~ --

R
r~ature of the C

rl
t'-

Hexane 360(6.7)

)62(12.6)

36LJ{ 6.9)

77
(100.0)

3LJ·7
(88 & 1~,.)

3LJ9
(1.J·l.9 )

YJ'5
( If·l.9)

73
( l~{). 6)

11"-3
(21.8)

14·1

( 21.8)

)29

(20.0)

Compolmd. contai

tw'o bromine ato

l-Iexane

Hexa,ne

1~'J6(17.8)

4>8( 1.1·0.7)

LJ·l~-O( 17•0

4'51(32 • 2 )

4'52(8.1)

453(32 • 2)

!4-S l l{ 6.9)

4'55( 3.0)

14,7

(100.0)

81

(100.0)

226

(70.3)

77
(80.5)

228

(70.3)

lr38

(58.9)

33lJ,.

( 4·2.2)

1~'36

(55.a)

336
( If2. 2)

ZltO

(~lt·.9 )

260

(37.0)

4-21

( l{·q,.S)

1+,20

(311..0 )

419
( ll4·.S)

211 Other significa

()2.6) were at the mas

1~.22, 382, 278,

200 and 185. C

contains two br

atoms

(l·J.36-418) == H2 0

( 278-260) = H'aO

(4-26-278) :: 2Br

(334-255) == Br

(226-114-7) ::: Br

(200-185) = CfI3

340 Compound contai

(36.6) bromine atom an

4·51-1~f'36 = CH 3

Con t t ••.



Elutj~on IvIolecll1ar
1ta~ttQ~ IqD_~t_~lQ

Eight Peak Nass Spectr~

1(B)~ ~ ) ~_.__ !~._. __.__ .--5~ .._.__ 6 J fL
Nature of the C

50,50 373(0.7)
Dichloro- 374{O.1)

~ metl1iane/

Hexane

l~,O

(100.0)

73
(8.1)

299
( 2.5)

147
( 2. 1·r)

77
(2.2)

57
(1.9)

55
(1.8)

203

(0.8)

Loses

373-355 = HaO

3.55-2991 +
203-1lJ'7j C~Ht. (

2
r1 +

99-~03 =: C7rI 1

50:50

Ethe~

Hexa.ne

5°:50
Eth.er/
I{exane

50:.5
IEther

Hexane

Last peak was
at

278(0.5)

24·e(9.0)

Unknown.

Last peak was
at
373( 21.1~,)

llJ9

(100.0)

135
(100.0)

73
(100,0)

'tD

(60.S)

l~·O

(55.9)

5

(BS.3)

41
(11.6)

150

(18.9)

55
(70.1)

150

(9,6)

13
(11.6)

81

(70.1)

57
(8.3)

4·1

(11.2)

69

(58.3)

56

(6,1)

107

(10,6)

173

(1.'-5.6)

13C

(6.1)

248

(9.0)

Lf.)

(4·).8)

223

(4·.0)

14·9

(5.7)

77
(39 .l~,)

Some phthalate

Loses

24H-2331 -CH
3

150-13~J

'r.'t..1.he Unknown.

Last peak at

4·15 (1.0)

57
(100.0)

71
(63.S)

!J·3
([J·l. 0)

91
( 35.5)

178

(314,.8 )

10.5

(25.3)

216

(24,.2)

66 Loses

(23.9) 355-34·i\
314.1-)271
281-267! CTT
105-91 ! - n,a

71-57 :
.57-1.J.J j



rrABLE 25

Unidentified compounds in Sample # 13 (acetonitrile)

Ell1tion i101ecular
~ F~a~t.i.a...n I.o~il~_~~~

Eight Peak Mass Spectra
1(13_)~ . _~ _. 2 4· _ __. __ -5 9 __. _. _7__ ~ §_

Nature of the C~

A6etone UnI{nown. l~·O

Lastpeak at (100.0)

_,67( lJ~.8)

Acetone Unknown. 57
Last peak ltlaS (100.0)
at
355(2.0)

178 216 105 119 93 152 137 Loses

(97.6) (76.6) (73.3) (69.9) (56.6) (4,6.7) (33.3) +
91 = C7Ii 7

105-91 -j T

119-10.51 CR z

137-119 := Ha 0

152-137 = CH 3

178-152 == ezRa

ll·h· 31.,. 96 36 73 133 191

(81.6) (67.3) (13.9) (13.3) (12.2) (7~5) (7.1)

Hexane Unknown. 91
Last peak was (100.0)

a.t

26.5(6.7)

56 l~'5

( 1!·6 • 6) (4·2. 2 )

4-1

( lLO 2'- .; I

85
(25 •.5)

125
(15.0)

55
(13.9 )

101 Other significaJ

(12.7) were at the mas:

3l-J.l, 299, 251.+-, :

199,155, 1.53,lO~

Loses
100-85 = CH3

227-1991 T

1.53-12~ C2.R~ 0:



TABLEi 26

Uni.d.entified. compou.nd.s in Sample II 14, (acetonitrile)

Elution r101ecular Eight Peak Mass ~pectra l~a,ture of the CI

t:! ~~1J.l.o11 lOl1_Cl:.-t~m/~ ~(~)! _____ 2___. ___3___ __ __ ~_________~____ . __6_______ ( _ . ____ . ~ -- - -- - -- - - - - - -

Hexane 13~{IJ9. 3) 105 57 119 13lf.. l~·l 55 69 91 Loses

(100.0) (1~·9.3) (37.8) (21l. 6)
+

135(8.1) (72 .3) (71.8) (26.7) (21,8) 91 == C7H 7
+

105 = CAR 9 or
l .....

+
134--105 = CaH

5
1~-119 = 00 3

Compound could
C6H5-C~H9 or C6HS

or similar to t:
,~

(Also present 1:

scvmples # 6, lq
15(aceton,itril

Hexane May be 128 127 129 l~J!. 4·1 IlO 64· 102

128(100.0) (100.0) (11~·.5) (13.8) (12.7) (12.4·) (9,2) (8.9) (B.l)
129(13.8)
130(2.7)

Hexane Unk.nown [!-·1 55 69 If,) 57 83 95 97 l~lost of the pea.

(100.0) (Bu'.7) (71.2) (71. 2) (69.8) (37. 2 ) ( 36.1) (31.J~83) difference of 1

u.nits ind.icates

the compound rna

hydrocarbon

Cont'd••••



Eltltion f101ecular
Er.?-9_t~on 1.°11_ ~~ I}}L~ !(Bl~ _

Eight Peak Mass Spectra
2 _3__ __ _ _~ __ _ _ ___5_ _ ._ ~6 7._ __ ___ _ _._ Q_

Nattlre of the

Lf\
t-

Hexane Unknown 4-1

(IOO.a)
33

(100.0)

55 57
(100.0) (100.0)

69
(100.0)

97
(100.0)

95

('-1'5.7)

83 Spectrum looked.

(1~,1.2) that of a highe

hyd.rocarbon

Hexane Unknown.

Last peaks

were at

303(52.7)

3014{15.9 )

305(2. 4-)

306(2.1)

55
(100,0)

57 h-I

(91.5) (85.6)

Lt.3

(85.1~,)

69
(79.8)

8)

(76.5)
97

(62.7)

71 Peaks w'ere seen

(56. If.) at every mass n

Other significa

were at the mas

303, 21l7, 202,

ll~'5 and 137

2
Elution Molecular
!';r~c_t~on 16~_a!.-=-mL~ 1(!?1*__

TABLE 27

Unidentified. compounds in Sample # 15 (acetonitrile)

Eight Peak r1a.ss Spectra
___ l l~. .3__ ~ ~ __ - __ .1 Ci

Nature of the C

.50:50
Ether,
Hexane

Ether

Unknown

May be

209( 21.7)

210(5.3)

lli9

(100.0)

194·

(100.0)

57
(56•2)

71
(38.2)

41

(37 .l~.)

69
(23.7)

73
(22.6 )

2.09

(21.7)

IJ»

( 21.2)

85
( 21.5)

55
(19.1)

195
(19. l1-)

69

(18.2)

83
(16.5)

223 May be some pht

(9.7)

97

(1.5.1)



76

TABLE 28

Mass Spectrum of Photolysis Product of Linuron M.Wt.=187

role R.A.

192 1.6
191 11.3
190 6.5
189 66.1
188 8.1
187 100.0

165 3.2
164 1.6
163 17.7
162 3.2
161 33.9
160 3.3
159 19.4·

155 3.2
151.J· 1.7
153 9.8

128 1.7
127 3.1
126 17.5
125 8.2
124 4·2.8

101 1.7
100 3.2

99 7.9
98 4.8
97 9.7

91 1.6
90 8.0
89 3.3
88 9.7

75 3.2
74· 4.8
73 9.7

61~1' 6.5
63.5 1.7
63 8.1
62.5 3.2
62 11.2
61 9.6



TABLE 29

... j
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Mass spectrum of photolysis product of 1inuron M.Wt.= 219

m/e R,A. m/e R.A.

224· 1,4, 129 1,4
22) 9.5 128 2.9
222 .5.6 127 9.9
221 64,.4- 126 25.8
220 9.8 125 24',3
219 100.0 124· 34,1

192 2,8 113 4,.2
191 12.6 112 1,4·
190 8.5 III 5.7
189 62.9 110 2.9
188 12.7 109 9.2
187 95.7

91 5.6
179 1~4 90 17.2

178 7.1 89 7.1
177 4-.2 88 8.7
176 37.2 87 2.9
175 8.6
174· 60.0 75 7.1

71.l, 8.7
166 1.4 73 19.Q·
165 8.4
161~, 8.6 69 7.1
163 38,7
162 28,6 65 4,2
161 69.1 6~- 7. 2
160 28.8 63.5 2.7
159 15.7 63 25.8

62 18.6
149 1.4· 61 17.2
14·8 2.9 60 4.2
147 4'.3 59 87.3
146 2.9 58 2.9
14.5 7.1 57 8.5

56 2.8
137 14-,2 55 8.5
136 2.9
135 17.2 4··3 7. 2
1)4 4.3 41 8.7
133 27. 2

36 9.9



TABLE 30
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Mass spectrum of photolysis product of linuron M.wt".= 233

m/e R.A. m/a R.A. m/e !it!'
2)9 0.5 129 1.2 66 1,4
238 2.4 128 3.3 6.5 3.7
237 2.1 127 5.9 64- 5.9
2)6 1.5 126 16.1 63.5 2.3
235 12.4· 125 12.4 63 18.9
234 2.5 124· 28.6 62•.5 6.2
233 17.1 123 3.5 62 13.6

61 12.8
223 1.8 III 1~.8 60 1.8
222 2.0 110 2.4 59 13.7
221 11.5 109 6.3 58 1.4
220 2.4, 57 12.3
219 16.9 102 0.9 56 4.0

101 5.4 55 12.9
193 0.7 100 3.1
192 1.1 99 1.3 43 9.7
191 10.1 98 4.9 42 2,6
190 6.0 97 7.9 4·1 12.4
189 42.8 96 3.5 )6 10.1
188 8.q, 9.5 8.4
187 62.3 94'.5 3.6

94 1.2
180 0.6 93.5 4.7
179 1.9 93 2.3
178 4.1 92 1.8
177 2.7 91 6,8
176 20.2 90 13.7
175 3.9 89 4.8
174 32.8 88 6.6

166 0.9 86 1.7
165 11.7 85 4.9
164 6.8 84 2.9
163 62.7 83 9.6
162 17.8 82 4.1
161 100.0 81 7.8
160 114'.9 80.5 8.1
159 13.2 80 1.3

138 1.3 76 1.5
137 2.5 75 4,.3
136 3.4 74 5.1
135 7.6 73 11.5
134· 4.7 72 4.4·
13) 12.8 71 6.6

70 3.6
69 12.9



TABLE 31

Sulfur in VIN1"'YARD SMJ1PLES

79

Sample Code

RDF

RGC

RGF

ROO

RGI-I

RGI

Weight of the soil used (g)

1.04.72

114.92

120.00

113-]1

105.86

117.60

Elemental Su~fur (88)
(in ppm)

No sulfur

12.03

Mas spectrometric analysis of all the above samples
excepting of RG:B' showed sulfur when tested on solid
probe of mass spectrometer.
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TABLE 32

Su-lfUr in ROCK ISLAND LINE SAMPLES

Sample Code

ARK

ArK

Weight of the soil used (g)

134.'72

131.79

124 .86

129.57

Elemental Sulfur (88)
(in PP'n)

No sulfur

4.40

0.51

0.19

J·-90

Mass spectrometric analysis of AAA, AAB, ALK, AMK, and ANK
did not show any sulfur



Sample Code

AJ

TABLE 33

Sulfur in ORCHARD SAMPLES

Weight of the soil used (g)

135.25

135.74

126.13

123.60

81

Element8,,1 Sulfur (88 )
(in ppm)

4-31

2.99
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Cl1apter III B

DISCUSSION

Table 34 shows the compounds for which identities

were confirmed in our studies. In addition to some chlorinated

insecticides, herbicides and their metabolites, some other

non-pesticides were also identified. No phosphorus or sulfur

containing pesticide was detected although we were looking for

every kind of pesticide which could be extracted by these methods.

Compounds such as polychlorinated biphenyls and chlorinated

napthalenes, which are not considered pesticides, were not found

in any of the soil samples analyzed for these studies.

(A) Pesticides and Non Pesticides Identified

DDT:
This insecticide is easily identified from the mass

spectrum by its five chlorine pattern at molecular ion 352

(R.A. ~ 7%) and by the other major peaks at masses 235 (base

peak = 100%), 212, 199, 176, 165, 136, 123, 75 and 36.

The presence of DDT in several samples (Table 34,

p. 8~) confirmed its persistence in the soils. Samples 9-14

were collected from the areas where DDT was used up to 1967

and used again in 1969. (See Table 35, p. -88 ).

DDE:
DDE is recognised by its molecular ion at 316 (R.A.

~ 40%) and from other peaks at m/e 246 (base peak = 10~), 211,

176, 105, 75 and 36.
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TABLE 34

COMPOUNDS IDENTIFIED

(A)-----

Names anel
structural formula

_~:t: _t!:t~ _C_O~?~~ _

DDT
Dichlara diphenyl
tri c'hloro ethane

Pesticides or their metabolites

Found in the soil
samples indicated*

9(acetonitrile),lO(benzene)

lO(acetonitrile),ll(benzene)

11(acetopitrile),12(acetonitrile)

IJ(acetonitrile) ,14 (acetonitrile)

15(acetonitriJ_e)

Compared wi th

(i)Spectrum of
standard
DDT(GC-MS )

(ii)Reference #98

6,7,8,9(acetonitrile),DD:r:;
Dichlorodiphenyl
di chJ_oroethylene lO(benzene) ,

ll(benzene) ,

lO(acetonitrile)

ll(acetonitrile)

(i) Reference #98

(ii)Reference #99

12(acetonitrile),13(acetonitrile)

]_L,. (a.cetonitrile) ,.15 (acetonitrile)

*acetonitrile or benzene i~ brackets indicate the solvent
used for extraction.

Cant t d ••••



Names and
structural formula
of the compound

'l'TIE or DDD
Tetrachlorodiphenyl
ethane

H

V?QCI C{y,Cl CI
H

Found in the soil COlnpared with
samples indicated

9(acetonitrile),11(benzene) (i) Reference #98

ll(acetonitrile),12(acetonitrile) (ii)Reference #99

13(acetonitrile),14(acetonitrile)

15( acetorlitrile)

DBP
4,4 f

Dichlorobenzo
phenone

o
Cli }-~-o-CI

ll(acetonitrile) (i) Spectrum
of standard
DBP

Linuron 11(acetonitrile)
3-(3,4-
Dichlorophenyl)
-l-methoxy-l-methyl
urea.

(i) Spectrum
of standard
linuron

Cont' d••..



Names and.
structural forrntJ..a
of the compolmd

Dichloroaniline

3,4
Dichloroformyl
anilide

Foun<..1 in the soil
samples indicated

ll(acetonitrile)

12(acetonitrile)

ll(acetonitrile)

12(acetonitrile)

85

Compared. with

(i) Spectra of
stanclards

3,4 dichloroaniline,
2,4 dichloroaniline,
ancl
2,5 dicluoroaniline.

(i) Reference #100

Atrazine 15(a,cetonitrile)
2-Chloro - L'r -

ethylamino - 6 
isopropylamino - s 
triazine

CI
t

1'C,
N ~ CH3I j, t

C H -HN-C C-NH-CH..cH3
2·5 ''N1

(i) Spectrum of
stan.dard
atrazine

Elemental sulflu.r

88
In all samples analyzed for
pesticides residues

(i) Spectru.rn
of pure
sulfur

Cont'd••••



(B)-----

Names and
structural forrKula
of the compound

Di-n-butyl
pht'halate

Diallyl
Phthalate

Trip'henyl
phosphate
(C6H50 ) 3PO

Ethyl benzene

'Tridecane

.... ?

NON PESTICIDES

Found in the soil
samples indicated

4,7,8,9(acetonitrile)

11(acetonitrile),12(acetonitrile)

15(acetonitrile)

9(acetonitrile),13(acetonitrile)

15(acetonitrile)

8

7,14 (acetonitrile)

7,8

86

Compared. vli th

(i) Reference #101

(i) Reference #102

(ii)Reference #103

(i) Reference #104

'. (ii)Referen.ce 11105

(i) Spectrum of
ethyl benzene

(i) Reference #106
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The sources of DDE couId have originated from:

(i) Residues of DDE possibly used as an insecticide

(ii) Possible impurity in commercial DDT u.sed in those areas

(iii) A metabolite of DDT

Although DDE was present in samples 6-15, Table 35

(p. 88) shows that DDE was never used on that area. This

eliminates the first possibility for the source of DDE.

Thus the other source of DDE could be the breakdown

product of DD'I1
, which has been proven by other workers (211-,

25) and by us (p. 106).

It was found that DDT also decomposes to DDE when

extracted using hot solvents (107). In these studies soxhlet

extraction using acetonitrile cannot be wholly responsible for

the conversion of' DDT to DDE because the cold benzene extrac

tion (using a shaker) of samples 10 and 11 (p. 83) showed

similar results.

In addition, results of other workers from different

parts of Canada (26, 27), U.S.A. (24, 25) and ~rom the Niagara

Peninsula (Ont.) area (108) demonstrated the presence of DDE

in soils. All this evidence removes any kind of doubts that

DDE identified in this work resulted from the conversion of

DDT to DDE during the extraction process.

TDE:

Looking at the experimental grap"hs, the spectra of

TDE and DDT look very similar except for the absence of a

cluster of peaks at m/e 352 in case of TDE. Its character

istic peaks are at the m.asses 31.8 (molecular ion, R.A. t; 10%),

235 (base peak, R.A. == 100%), 212, 199, 176, 165, 136, 123,

75 and 36.



'I1\BLE 35
j

SPRAY ~-1ATERIAL USED- ON CANADA

88

MUSCAT BRIGHTS WINES BV-4 , V'INEYARD.

Year Insecticide and Fungicide Herbicides Fertilizers

Used

1972 Elgetol, benlate, se'vin Ka.,rmex(Diuron), Ammonium

1971

captan, micro niasul,

Niagara super spread

(1\T.8.S. )

Elgetol, sevin, dikar,

lnicro niasul, ferbam,

I~.S.S.

gramoxone

Karmex

gramoxone

nitrate

Ammonium nitrate,

muri-ate of

potash

1970 N.S.S., elgetol, imidan, Linuron,

folpet, sevin, amite

1969 DDT, folpet, micro

niasul

Folpet, sevin, amite,

lannate, furadan

1967 DD'r, captan sevin,

N.S.S., micro niasul

1966 DDT, N.S.S., micro

niasul, captan, elgetol

karmex

dalapon

Linuron,

dalapon,

karmex

Da.lapon,

kar~mex

Karmex

Karmex Sulfate of potash

ammonium nitrate



TDE was not used in the vineyards (samples 9 and 11-

15) (p .88) • Tb.us it would. have originated from the degrada-

tion of DDT in the soil.

Among the other degradation products of DDT, such

as DBP, DD1\, DDMU, and J, 6 dichlorofluorenone, only DBP 'was

found in sample #11. There does not seem to be any evidence

that it has been applied in the vineyard from where the sample

'was collected (Flig.J~, Table 35). It is a well knO\'ffi decom-

position product of DDT, which could be its source. The

possibility of not detecting it from the other samples may be

because of leaching or its great volatility, causing its dis-

appearance.

~raschenberg et ale (24), when look.ing for the d.ecom-

position products of DDT from vineyard soil could not identify

any of the above mentioned metaboli tes.

Although Harris and Sans (26) haNe reported residues

of~ dicofol in the orchard samples, our analyses did not sho~v'

any trace of it.

Linuron:

fl:his substituted urea heribicide, also known as Lorox,

is used to kill annual broadleaf weeds and grasses in several

crops. Although its residues are reported to disappear after

3-4 months when it is used as directed (109), still we were

able to detect it in sample # 11 (acetonitrile).

It has been stated by' Gutenman.n and Lisk (51.) that
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Mass Spectral Fragmentation of Linuron Mt == 248
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direct identification of linuron and its related herbicides

was difficult by an electron capture detector. It i~ quite

easy to identify linuron by combined GC-MB system.

As shown in Fig. 4, p. 90 its base peak at m/e 61

is formed by the hydrogen transfer. other characteristic

peaks at m/e 73, 97, 109 and 125 are formed by the loss of

a neutral molecule (HCl) from m/e 109, 133., 145 and 161 re-

spectively. The high relative abundances of the molecular

ion at m/e 248 and other ions at m/e 187, 161, 145 and 125

(Table 3) are probably due to the aromatic ring in these ions.

Dichloroaniline:

3",4 - Dichloroaniline has been reported. to be a

metabolite of diuron or karmex. Table (35) shows that karmex

was used in vineyards, theugh no ka~ex residues were detected.

lne other source of dichloroaniline could have been linuron,

which resembles diuron in structure, because both linuron and

dichloroaniline were found in sampJ.e # 11 (acetonitrile)

(Table 34). Our photolysis studies of linuron (pages 76-78)

did not show that dichloroaniline was the decomposition pro-

duct of linuron und.er these laboratory conditions.

Spectrum of 3,4-dichloroaniline is given in table 4.

Unfortunately, it was impossible to confirm the

positions of chlorines because the spectra of the standards

of 3,4-dichloroaniline; 2,4-dichloroaniline a.nd. 2,5-dichloro-

aniline were identical and similar to that of the unlQ10wn

found in the soil~
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3,4-Dichloroformylanilide:

This is another interesting compound, with

molecular weight 189, and having two ch1orines, which

loses 28 mass units (CO or CH ) ) at the first step to
2 2

give m/e 161 ion (may be due to 3,4-dic~~oroaniline), (Table

5). The loss of CO among the amides has not been found very

common which ruled out the possibility of this compound to be

3,4-dichlorobenzamide.

Kearney and Plimmer (100) identified a compound with

molecular ion at m/e 189 and having two chlorines from the soil.

The compound lost 28 mass units to give the base peak at mje

161 which was identified as 3,4-dichloroformylanilide by them

and has a very close resemblance with the compound found by us.

Its source and toxicity is unknown so far.

Atrazine:

Atrazine, a recommended herbicide for corn fields

is also used for soil sterilization by spraying large doses

of this chemical on the crops (109).

Two possible ~ragmentation patterns are shown in the

figures (5a and 5b). Most of the ions are produced due to

the loss of -CH -C H , -Cl or -NH groups to keep its ring
3' 2 4 2

character. Fig. 5b shows the formation of mje 173 and 145

ions due to McLafferty rearrangement.

Demayo and Comba (110) found a great difference in

the spectra of the same pesticide when analyzed on direct

solid probe and on GC-MS when using a Hitachi Perkin - Elmer

RMU-6 mass spectrometer, connected to Perkin - Elmer Model

990 gas chromatograph through a Watson - Biemann separator.
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!igure 5a

Mass Spectral Fragmentation of Atrazine
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Figure 5:b

Mass Spectral Fragmentation of Atrazine
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compound when analyzed on solid probe and through GC inlet.

The spectrum, however, near the top of the GC peak showed

great sinlilarity to that obtained via d.irect insertion as

can be seen from the spectra of atrazine (Table 6 and Figs.

6a and 6b). (Because of the interference due to background,

some of the peaks are higher in the GC-MS spectrum).

Sulfur:

Sulfur has been used for a long tinle as such or

mixed with other chemicals as a pesticide.

Peaks at m/e 256, 2~~, 192, 160, 128, 96, 64 and

32 due to 88 - 81 ions (wi th mass d.ef"ects at these mass uni ts,

because atomic wieght of 832 = 31.97207) are the characteristic
16

peaks of elelnental sulfur:~ Although at first glance, the

molecular ion looks like a compound containing one chlorine

atom, big peaks at the difference of 32 mass units make its

identification qui te easy". It can even be id.entified from t"he

crude extract (Fig.7)

Fig. 8 shows the molecular ions of sulfur from (a)

pure sampJ_e of sulfur and (b) crllde extract. The mass defect at the

molecular ion can be easily seen from the mass spectrum of' crude

extract, which sho~rs doublet for 8
8

and hydrocarbon peaks. In (b)

the mass defect at m/e 256 between hydrogen and heteroatom peaks

eliminates the possibility of chlorine in the compound since

compound containing one chlorine (Mol. wt. 256) will not show that

kind of mass defect. The identification of 88 from the crude extract

is made easier by' t"he isotope ration which is in agreement with (a).

vfuile evaporating solvent from the extract of sample ~u5, a

solid separated out, that was recrystallized and was identified



FIG 7

Mass Spectrum of the crude extract
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Fig. 8

Comparison of molecular ions of elemental Sulfur

when, (a) p,ure sulfur (88 ) and, (b) crude extract

of soil were analyzed on solid probe of mass

Spectrometer
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Mass spectra taken at the leading ed.ge A, ancl the

top B of sulfur (GC) peak (S ee IJlable 7, p. L,,9), showed. a

difference in the relative abundances of the peaks.

Di-n-butyl and Diallyl Phthalates:
--~~.- Phthalates have been "kiiown to be present in high

abund_ance in waters (Ill) and. have been found to interfere

with pesticide analysis bY3as chromatography.

It is hard to determine the sources of these

phthalates. The sources of phthalates could be:
-

(i) Plasticizers extracted into the soil.

(ii) Phthalates (di-n-butyl phthalate)

used as insect repellent (5)

(iii) Breakdown products of some other compounds.

Imidan degrades to phthalic acid and phthalamic

acid (112). Phthalic acid, so produced,may react with some

compounds in the soil to give phthalates.

1he possibility of phthalates coming from plastic

bottles used in the analysis or vials with plastic liners

in the stoppers used for storing the extracts (54), was

eliminated by analyzing one soil s~ple without using any

plastic bottles or solvent containers during the complete

analysis.

phthalates.

That analysis also demonstrated the presence of

Just as in gas chromatography, phthalates also in-

terfere in the analysis by GC-rv1.S. Phthalates stick on the

membrane separator for a long time and interfere in the mass

spectra of the following GC peaks. 1"hey can be easily iden-
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tified because of their base peak or one of the most abundant - :

ion

peaks in case of

0.",'cooH

~G=O+

(Tables 8-9, Pages 50-51) or to the m/e 223 (~"'.".OOC
4
H9 )·

'\ I ~ ~OH
lie

+OH

and m/e 205 ( ·.'0.'-'::ccooC4 it ~ I
~EO~ /

dibutyl p'hthalate (Table 8).

peaks at m/ e 149 due to the

~rripheny~ Phosph?-te:
Trip'henyl phosphate is used, as a plasticizer, flame

retardant and also used in photographic film base to increase

the flexibility, to produce flat sheets and to decrease flam-

mability. It was found in one of the vineyard soil samples

(TaJbJ.e 34) and i ts source remains a mystery.

Eth~~ Benzene and Tridecane:
There does not seem to be any possibility of the

solvents being contaminaxed with ethyl benzene as they were

tested before use.

Decanes and ethyl benzene have been reported in pet-

rol (113). Although there is a possibility of petrol in the

soil, nothing definite can be said about the sources of the

above chemicals •

Mass spectrum of tridecane is shown in Table 11.

The compounds sirrdlar to chrysene or triphenylene

+
(M· = 228, base peak at 228); 2,6- ~tert butyl, 4 methyl

phenol (~lt = 220, base peak flt 205); phenyl« - naphthylamine

(Molecular ion and base peak at m/e 219) and 4,6, 8 trimethyJ_

nonene-l (Mt ; 168, base peak at 43) could not be confirmed



102

(Tables 12-15, Pages 56-60).

~ehe spectrum of phenyl C\ -naphthylamine is given in

the literature and comparable to the unknown found from the

soil (see Table 14, p. 54). When we tried to run the mass

spectrum of phenyl ex: -naphthylamine standard through direct

inlet, or GC inlet, or by lowering the temperature of the

source, we could not find even a single peak on the chart. We

suspect our standard sample may have been mislabelled.

(C) Com£o~~E-.Un~dent~fie~

The tabl.es of unidentified compounds (Tables 16

27) are the unsolved problems for the mass spectrometrists

to work on. These a.re a very important part of our studies.

They show that a large number of co-extractives of unknown

nature are extracted and even after the clean up on florisil

column, they can be detected. This is good evidence that

some workers might have confused these co-extractives vnth

other pesticides when working with gas chromatography. Many

of the compounds give peaks at a difference of 14 mass units

probably because of the loss of -CH2 groups and thus seem to

be similar to hydrocarbons.

rrhree brominated compoun.ds were found in sample if 12

(acetonitrile) (Table 24, p. '71), but none of them could be

id,entified. l'\fone of the pesticides known (5), and containing

two bromine atoms ha.s molecular weight 360 or 436. A com

pound with molecular weight 451, containing one bromine atom,

is also not incl.uded in the list of pesticides (5).
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(D) Method_s of Extraction

l\naJ~ysis of samples 1-5 by procedures II 1 and if 2

·did not give very encouraging results and i t was tholJ~ght that

either the samples were not the right ones for pesticide ana-

lysis, or n.ot enough of the sample was being extracted. The

analyses of samples 1 and 3-5 showed mostly mixtures of com-

pounds resembling hydrocarbons, similar to those found in

sample #2 (Tables 16-17), Pages 61-62).

Extraction with benzene followed by re-extraction

with acetonitrile for sFurrples 6-8 (procedure #3) was found

to be a very good method, but was a lengthy process, and 8~SO

gave more co-extractives as can be seen in the Tables 18 - 20.

Extractiorl wi th acetonitrile followed. by re-extract-

tion with benzene as in sample # 9, (p •.34) did. not prove to

be useful and no compound was found from the benzene extract

of used soil #9 (acetontrile) when analyzed. by GC-MS.

Results of sample 11 (acetonitrile) in which almost

double the sample was extracted_ as compareo_ to 1J_ (benzene)

(See Table 1, p.33) show a larger number of unidentified compounds

as cain be seen in r:rable 23. vJi thout extracting equal amoll..YJ.ts of

sample with benzene and acetontrile and without doing q~[mti-

tative studies, direct compa,rison of solvent efficiency and. ex-

traction method are d.ifficu.lt. Still, doub]~e extraction with

acetonitrile using a soxhlet has an advantage over single ex-

traction with benzene using a shaker. Acetontrile extraction

using soxhlet was found to be a satisfactory method for quali-

tative identifications of pesticides from soils in all cases.



(E) Clean Up

Fig. 7 gives a rough idea of the type of cornpounds

present in the extract (e.g. phthalate (m/e = 149), sulfur

(role = 256), and hydrocarbons (peaks at a difference of 14

ma,ss uni ts) ). It is also possible to kno\q from the crude

extract spectrum, whether the extract contains any chlorinated

or brominated compound. Confirmatory identification by GC-MS of

a -compound needs least interference from other compound.s present

in the sample. Liquid-liquid extraction of acetonitrile ex

tracts by hexane was done to get rid of possible interfering

highly polar compounds. Further clean up on florisil was

done to remove pigments and four different elution fractions

were collected to reduce the number oil compounds in ea,ch frac

tion. Satisfactory results were obtained with this method of

clean up and sometimes reasonably good separation was obtained,

when analyzed on GC-~1S, as shown in Fig. 9.
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Fig. 9

Total Ion Chromatogranl

of

9(acetonitrile) - 50:50 hexane:ether (elution fraction)

I:P.



(F)

Photolysis or DDT:

PHOTOLYSIS STUDIES

106

It has been known that DDT decomposes to DDE, TDE,

DDMU, DDA, DBP and 3,6 dichlorofluorenone under ordinary

conditions by the action of sunlight (114). DDT was exposed

to U.V. light in the presence of hexane vapour for these studies.

Correct results were not obtained by measuring retention tims

alone to identify the degradation products by gas chromatography

GC-MS analysis of photolysed DDT confirmed the pre-

sence of DDE, TDE and 4,4 t
- dichlorobenzophenone.

Figure 10 shows the fragmentation pattern of DBP.

Formation of mje 215, Ill, 104 and 75 is confirmed by meta

stables.

Photolysis of Linuron:

In order to find whether or not the compounds di-
4-

chloroaniline (M· = 161) and 3,4-dichloroformylanilide

(Mt = 189) were formed from linuron by the action of sunlight

under environmental conditions, it was exposed to U.V. light

as described in the experimental section, (p.36).

Only four peaks due to compounds having molecular

weights 187, 219, 233 and 248 (linuron) were observed (see

Tables 28-30) • OUr supposition that dichloroaniline and 3,4-

dichloroformylanilide could be the decomposition products of

linuron, under the effect of U.V. light, proved to be wrong.
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Figure 10

Mass Spectral Fragmentation of 4,4' - Dichlorobenzophenone
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A.lthough no attempt was made to find out what these

compounds were by comparing with the spectra of standards, these

degradation products probably are:

(i)

(ii)

~It = 187

(iii)
COlHO- ~ 11

C! \ ;) N-C-OCH lCH3

or

(G) ME.1VillRA.NE SEPARATOR

The membrane separator is becoming quite popular

because of some good qualities, e.g. it operates at atmospheric

pressure, about 90% of the organic compound is extracted in a

single stage and the performance is not dependent on the car-

rier gas (74).

As pointed out by lvIcFadden (76), it has several <lis-

advantages, such as peak broadening and limited operable tem-

perature etc.

It was seen during our studies that this separator

did not work very efficiently for several pesticides i.e.

separation was not very good for photolysed products of some

chlorinated hydrocarbons and PCB's. DDE exposed to U.V. light

gave 5 peaks when it was analyzed on GC wi th thermal conducti-

vity detector, but only one big and broad peak when anaJ.yzed



on GC-MS.

Fig. 11 also shows an example of a very poor separa

tion of one of the sample extracts (after clean up). Mass

spectra at different points of the peaks correspond to differ

ent compounds but hi.gh back grounds were seen in that kind of

spectra. Presumably higher separator temperaturewou~dbe

required but the silicone membrane cannot tolerate temperatures

above 225°C for extended periods. For high temperature GC

fractions a Watson - Biemann separator may be preferable.
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Fig. 11

Total Ion Chromatogram

of

14 (acetonitrile) - hexane (elution fraction)



FIG 11
.,.i
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(H) Elemental Sulfur Analysis.

Elemental sulfur analysis of vineyard samples

(Table 31) show a large variation in the results which may

be due to improper sampling technique (because the samples

were not collected for sulfur analysis).

Extraction with benzene followed by its identifica

tion on solid probe of mass spectrometer of samples RGF, AAA,

.AAl3, ALK, AMK and ANK did not show any sulfur. Carbon di-

sulfide extraction and gravimetric analysis of s~ples RGF

(Table 31) and AAB (Table 32) also showed no sulfur.

No sulfur (S8) was found in the R.I.L. samples col

lected on the side of Twenty Mile Creek (Fig. J and Table 32).

Samples (AHK-AKK) from the other side of Twenty Mile Creek

showed a variation of sulfur from 0.19 - 4.40 ppm.

Again vineyard (Table 31) and Orc'hard (Table 33)

samples do not show a similar variation in the amount of

sulfur.

No satisfactory conclusion can be drawn, when we

compare the sulfur content in samples from three different

areas. We were interested in sulfur, having found it in

both agricultural (vineyard and orchard) and stream sed.iment

samples. The elemental sulfur in stream sediment samples

could have been from either industrial or agricultural. sources.

The presence of sulfur in vineyard and orchard samples is

indicative of a possible agricultural source of elemental sul

fur. Sulfur is still used as a fungicide in vineyards in

Ontario. ~here is no correlation between elemental sulfur

found and treatment with fertilizers containing sulfates.
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CHAPTE:R IV

SlOOIIARY

Gas chromatographic identification of unknown com

pounds, by matching retention times, can hardly be trusted

and needs different kinds of detectors for the analysis of

compounds of a different nature. GC-MS, which is one of

the best analytical techniques known so far, gives a greater

degree of certainty and even gives information on the unident

ified compounds.

The combined GC-MS technig~e is applied to find

residues in vineyard, stream sediment, corn field, industrial.,

agricultural and urban soil samples with particular interest

in pesticides. A number of pesticides and their metabolites

(DDT; DDE; TDE; 4,4 1 -dichlorobenzophenone; linuron; di

chloroaniline; 3,4-dichloroformYlanilide; atrazine and

elemental sulfur), and non-pesticides (di-n-butyl phthalate;

diallyl phthalate;triphenyl phosphate; ethyl benzene and

tridecane) were identified (Table 34, p. 83). other compounds,

which could not be identified, or no attempt was made for their

identification, bear a close similarity to chrysene or tri

phenylene; 2,6-d~itert butyl, 4-methyl phenol; phenyl (/ -naph

thylamine; and 4,6,8 - trimethyl nonene - 1. A number of

compounds remained absolutely unidentified although attempts

were made to learn the nature of these compounds. .Among the

unidentified compounds, several of them gave fragmentation

patterns similar to hydrocarbons and three brominated compounds

were also found which unfortunately could not be identified.
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Difference of mass spectra at the leading edge and --

at the top of a GC peak, and similar mass spectra at the top

of· GC peak and through a solid probe were also observed.

Easy identification of elemental sulfur, even from the crude

extracts, was also noticed.

Acetonitrile extraction of soil, using a soxhlet

followed by its clean up on florisil column prior to GC-MS

analysis was round to be satisfactory for queli tative ident

ification purposes.

Linuron did not break down to dichloroaniline or

3,4-diChloroformylanilide under the effect of U.V. light.

DDT when exposed to U.V. light in the presence of hexane

vapour gave 4,4' -dichlorobenzophenone as one of the degrada

tion products. Photolysis studies of some pesticides and

PCB's could not be carried on because of the poor separation

on the silicone membrane separator.

Vineyard, Rock Island Line (stream sediment), and

orchard samples were analyzed quantitatively to determine the

elemental sulfur content. No definite conclusion could be

drawn.
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Mass Possible Ions Mass Possible Ions
-r +

12 e 43 C3H7 , CH 3 CO
..,. -t +

13 CH 44 C3IIg, CO2 , C2 I-15NH

+ +
14 ·CH2 45 eOOH C2 H5O

+
46 +15 CH3 '

NIl' NOz , C2 H50H

16
..-

CII4 , NH2 47 CHzSH
-t' + .... ..,..

17 NH~, OH 55 C/+H7' C3H3O
+ t + ..,.

18 H20~ 1\JH4 57 C4 H9, C3H5O

+
58

+ -t
19 F C4 Hio,C3H5OH,

20 fI2 + H2 O
C3H8N+

-+- l'

+ -t 59 CHzeOOH, COOCI-I3
26 C2H2, CN + r

1"' + 69 C5H9, CF 3
27 C2H3 , -eRN +

76 CS~
28 CO, CH2 := CH -+2.

+ 77 C6H5
29 C2H5 , - CHO

+ +- 79 Br
30 N'O , CHOR

+ + ~
80 HBrt

31 P, -CH2 OH , - OCR .3 +
t- + ..... -t 81 0 H2Br

32 eH3 0H,°2, s~ , NEOR "

of .,. ....
33 NHzOH· , HS 85

34 H
2

S -t 0
0 ...

35 Cl ~ 0+91 CrrHr{ , ~ if CH2

36 HClt

+
Qo~C;O+ .37 H2 Cl 95

+
39 C3H.3

"'"40 CH2 CN VCH=CH;..,.. 104
41 C3H5 -fa

CrrH4 0 ·
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105

207

122

Possible Ions

V CH2- CH;,

Q-CO+

creaGH
I~ +co
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(2) Table of the Structure of Some Compound.s

Name of the Compound

Chrysene

DDA
(Dichlorodiphenyl acetic acid)

DD1Ylu

3,6-Dichloroflurenone

Dicofol (Kelthane)

structure

CI{)-~ ~ ~CI
C

tf'CI

OH

C1-V-~~CI



Name of the Compound

Imidan

Karmex (Diuron)

PCB

Phenyl eX -N'aphthylamine

I.t ,6,8 - Trimethylnonene-l

Triphenylene

Structure

(n&n can be 0-))


