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1. INTRODUCTION 
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1.1 General Introduction and Applications of Dazomet 

Dazomet belongs to a group of compounds classed as 3,5 

disubstituted derivatives of"1,3,5 thiadiazine-2-thiones,~ 1\lso 

referred to as 'carbothialdines' and dithiocarbamate fungicides. 

They were first synthesised by Delepine in 1897, and later by 

Bodendorf in 1930. The structure of these compounds (Ainley et 

a 1, 1944) is: 

FIGURE 1.1 Structure of 3,5 disubstituted tetrahydro-2H-l,3,5-
thiadiazine-2-thiones 

Dazomet: Rl =R2=CH3 (3,5 dimethyltetrahydro-2H-l,3,5-thiadiazine-

2-thione) 

Other trade names: Basamid, Mylone, DMTT, Crag Mylone. 

Other chemi ca 1 and tes t names-: dimethylformacarbothi a 1- " 

dine, N521, crag fungicide 974. 

They are also referred to as 'synthetic mustard-oil splitting 

substances' on account of their ability to form isothiocyanates 

in vivo. The choice of substituents at Rl , which is responsible 
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for structure and quality of mustard oil to be split and R2, 

which determines aqueous solubility offers a choice of a very 

wide range of potentially active substances (Haenel, 1967). 

Dazomet was first recognised for its insecticidal activity 

by Davies and Sexton in 1948. They found that 3,5-dimethyl, 

3-phenyl-5-hydroxyethyl, 3-phenyl-5-propyl, 3-pheyl-5-methyl, 

and 3-p-tolyl-5-methyl derivatives of thiadiazine-2-thiones were 

highly toxic to grasshoppers. Since then dazomet has found a wide 

spectrum of usage as a nema ti ci de, a 1 gi ci de, fungi ci de, anti­

dermatophyte, bactericide and herbicide (Martin and Worthing, 

1976) . 

The activity of dazomet is thought to result from its vola­

tile degradation products, rather than the intact molecule. 

Methylisothiocyanate-(MIT) is the main product implicated in its 

toxicity. The other products of interest include formaldehyde, 

methyldithiocarbamate (MDC) and sulphur. The activity of MDC is 

thought to be due to further production of MIT. Any discussion on 

the many uses of dazomet must therefore also include a consideration 

of the activity of the main degradation products. 

MIT and other fungicides that decompose to MIT control root 

rot of peas (Pisum sativum L.) caused by Aphanomyces euteiches in 

both greenhouse and field trials. Sodium N-methyldithiocarbamate 

(metham), dazomet and formulations of dazomet used for plant bed 

fumigation, all controlled _root rot effectively in greenhouses and 



field at 50-200 ppm (Papavizas and Lewis, 1971a). 

Papavizas and Lewis (1971b) also obtained effective control 

of damping off (caused by Aphanomyces coch1ioides) of sugar beet 

in greenhouses. Dazomet when added to the soil at 50 and 100 ppm, 

reduced the disease by approximately 50%. The effectiveness of 

dazomet, metham and MIT at all concentrations was found to increase 

when applied under a plastic cover. 

MIT and the volatile materials released from the decomposition 

of dazomet and metham in soil reduced the germination ability of 

endoconidia and chlamydaspores of Thie1aviopis basico1a which causes 

root rot of plants of economic importance (Papavizas and Lewis, 1972). 

3,5 disubstituted derivatives of thiadiazine-2-thiones have 

been studied for their antidermatophytic activity. The 3,5-dibenzy1 

derivative which is available as Afungin and Fungip1ex is used for 

the treatment of dermatomycoses. The 3-benzy1, 5-carboxymethy1 

derivative named Defungit has been found effective therapeutically 

(Kristian and Bernat, 196B; and Augustin and Bernat, 1971). They 

also synthesised several other 3,5 disubstituted derivatives and 

examined them for their antibacterial, antifungal, antiprotozoa1 

antihe1mintic and cytotoxic activity_ The antidermatophytic acti­

vity of some 3,5-disubstituted derivatives was investigated against 

several organisms by Manohar, Narashima Murthy et a1 (1975). They 

showed that a few of the compounds were comparable to or better 

than griseofulvin in this respect. 
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The antitubercu1 ar effect of several of these deri vati yes 

has been tested against Mycobacterium tuberculosis (Od1evora, 

Augustin and Nemec, 1971). These studies showed that compounds 

with a benzy1fury1methy1 substituent at position 3 and benzyl or 
.. 

carboxymethyl at position 5 were the most effective. The anti-

tubercular activity was found to be in the range of 1-5 ~g.m1-1 

and compared favourably with the activity of well known anti tuber-

cu1ar agents under the same conditions. 

Tzirkov and Dirimanov (1978) tested dazomet upon pure cultures 

of soil microorganisms. They found that it was highly toxic and 

inhibited the growth of Aspergillus flavus, Aspergillus niger and 

Aspergillus terreus and strains of Azobacter c.hroococum. 

Potato cyst-nematodes (Heterodera rostochiensis and H.pa11ida) 

are the most important cyst-nematodes found in British soils. 

Dazomet, metham and MIT have been shown to give good control of 

these organisms (Whitehead, 1975). 

Plumb, Jenkyn and Broom (1978) investigated the effect of 

pesticides on perennial ryegrass sward. They found that dazomet 

did not have consistent effect on the control of root browning. It 

did, however, increase dry matter yields in nitrogen deficient 

soil s. 

MIT and formaldehyde which are implicated in the activity of 

dazomet are used individually as vapour fumigants. They are general 

sterilising agents that kill fungi, bacteria and nematodes in the 
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soil, and have been commonly used for treating bulk soil for 

plotting and bed use. A covering is normally held above the 

soil surface to allow circulation of the vapours. (Martin and 

Worthing, 1976). 

The other possible decomposition product sulphur has been 

long in use as a fungicide and acaricide. It has been used in 

the field for application as a dust to foliage (Johnson, Krog 

and Poland, 1963). 

Other compounds in the class of dithiocarbamates have been 

in use mainly as foliage fungicides. The different dithiocarbamates 

and their uses have been described by Martin and Worthing (1976). 

Some of the common dithiocarbamate fungicides, their structure, 

uses and types of formulations are listed in Table 1.1. 



TABLE 1.1: Main Uses, Persistence and Typical Formulations of Some Commonly Used Dithiocarbamates 

COMMON NAME:CHEMICAL NAME MAIN USES PERSISTENCE TYPICAL 
STRUCTURE FORMU LA TI ONS 

Dazomet: tetrahydro-3,57dimethyl-2H- Soil fungicide and nematicide Brief 98% w/w Pri11 
1,3,5-thiadiazine-2-thione 

S S 
/ \ -9 

H2C C 
I I 

H C - N 
3 \ I 

N - CH3 
C 
H2 

Mancozeb: complex of zinc ion and maneb Non-systemic fungicide; potato blight Long 80% w/w w.p.; also 
with zineb 

Maneb: manganese ethy1enebisthithio- Non-systemic fungicide Long 80% w/w W.P.; also 
carbamate with zinc oxide. 

[-SCS.NH.CH2CH2CS.S Mn-]X zineb or other 
metals 

Metham-sodi urn: sodium methy1dithiocarba- Soil fungicide and nematicide Brief 33% w/v sol ution 
mate 

CH3NH.CS.SNa 

Nabam: disodium ethy1enebisdithiocarba- Non-systemic fungicide - 22% w/v solution, 
mate used with zinc 

YH2NH.CS.SNa sulphate 
CN2NH.CS.SNa 

.. 



TABLE 1.1 Continued 

Propineb: zinc propylenebisthiocarba- Non-systemic fungicide; downy mil- Moderate 70% w/w w.p. 
mate dews and potato blight 

[-SCS.NH.CH2CH(CH3)NH.CS.SZn~lx 

Thi ram: tetramethylthiuram disulphide Non-systemic fungicide; fol iage Moderate 80% w/w w.p. 
(CH3)2N.CS.S and seed use 

I 

(CH3)2N.CS.S 

Zineb: zinc ethylenebisthiocarbamate Non-systemic fungicide; foliage use Moderate 70% w/w w.p. ex> 

[-SCS.NH.CH2CH2NH.CS.SZn-l x 
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1.2 Methods of Analysis 

The various methods described for the analysis of dithio­

carbamates may be divided generally as follows: 

1.2.1 Direct spectrophotometric methods: ultraviolet; visible 

spectra-based on compleximetric reactions; infrared; nuclear 

magnetic resonance and mass spectra. 

1.2.2 Determinations based on decomposition products: Analysis 

of e.g. carbon disulphide, amine or isothiocyanate. 

1.2.3 Methods based on titration of dithiocarbamates with acids, 

bases, or heavy metals. 

1.2.4 Methods based on chromatographic techniques: paper, thin 

layer, column and high performance liquid chromatography (HPLC). 

1.2.5 Other methods: e.g. polarographic, oxidation, reduction, 

and fluorimetric reactions. 

1.2.1 Direct spectrophotometric methods 

Direct spectrophotometry of dithiocarbamates can often be 

used to advantage as long as there is no interference absorption 

. from other .components of the material to be analysed. 

The ultraviolet absorption spectra of various dithiocarbamic 

acids and salts together with thiuram disulphideshave been summa­

rised by Raizman and Thompson (1972). Dithiocarbamic acids and salts 
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in general show two fairly strong ultraviolet absorption bands 

in the 250 and 290 nm regions. The thiuram disu1phides also show 

these two bands but at much lower intensities, in addition to a 

characteristic intense absorption in the 220 nm region. 

The dithiocarbamate esters or dithiourethanes (which includes 

the thiadiazine-2-thione type of compounds) show the same absorption 

bands as the thiurams but the longer wavelength bands are much 

stronger (Raizman and Thompson, 1972). 

Many of the heavy-metal salts of dithiocarbamates absorb 

in the visible regions. Cupric dimethy1dithiocarbamate, for 

example, has an additional absorption band at 425 nm (Keppe1 and 

Munsey, 1957). The ultraviolet spectra of several salts of diethy1-

dithiocarbamic acid in chloroform have been measured by Chitton 

(1953) and several methods have been described for the analysis of 

dithiocarbamates and thiurams involving reaction with copper or 

other metal salts (Morrison and Shephard, 1946; Kres, 1951; Kerssen 

and Riepmaq 1959. 

The reactions of several 3,5-disubstituted tetrahydro-1,3,5-

thiadiazine-2-thiones with copper salts has been studied. Grah1 

and Oedek (1967) found that the 3,5-dibenzy1 derivative turns 

yellow when shaken with an aqueous solution of copper sulphate. 

However, the absorption of the resulting complex at 440 nm is 

very unstable. Better results were obtained with chloroform soluble 

copper salts such as copper stearate. 
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Other direct spectroscop'ic methods such as infrared, 

nuclear magnetic resonance, and mass spectra have not been 

used as extensively as ultraviolet spectroscopy in the analysis 

of dithiocarbamates. Infrared spectra of dithiocarbamates have 

been investigated by several workers (Chatt, Duncanson et a1, 

1956; Fisher and Uh1ich, 1960; Nakamoto, Fujita et a1, 1963). 

The application of infrared technique for determining ferbam, 

zineb and tetramethy1thiuram disulphide in a mixture of other 

types of pesticides was described by Fisher and Uh1ich (1960). 

Nuclear magnetic resonance spectra of carbamate pesticides 

including dazomet (Keith and A1ford, 1970) and mass spectra of 

several dithiocarbamate esters (Duffie1d.Djerassi et a1, 1967) 

have been reported. 

1.2.2 Determinations based on decomposition products 

The methods for direct estimation of dithiocarbamates 

described previously (Section 1.2.1) are very useful for pure 

samples. However, interference in the analysis occurs when trace' 

amounts of other dithiocarbamates, or metal ions which lead to the 

formation of metal complexes are present as impurities. Hence 

determinations based on decomposition products are most widely 

used. 

Acid hydrolysis leading to the formation of the parent amine 

and the evolution of carbon disulphide is the key reaction used 
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in the analysis of both dithiocarbamate salts and thiuram 

disu1phides. Either carbon disulphide or the corresponding 

amine is determined. Usually carbon disulphide is selected and 

determined iodimetrica11y, co1orimetrica11y or by gas chroma­

tography. The reactions which lead to the formation of these 

compounds have been summarised by Thorn and Ludwig (1962). 

The most common technique, and that most suitable for 

macro determinations, is the so-called xanthate method in 

which the carbon disulphide is collected in alcoholic potassium 

hydroxide and determined iodimetrica11y. 

Raizman and Thompson (1972) described a general ised proce-

dure for most commercial dithiocarbamate salts (including manga­

nese and zinc ethy1enebisdithiocarbamates - maneb and zineb) 

based on various methods recommended in the literature. The 

apparatus used consists of a digestion flask and a reflux conden­

ser which is then connected in series to one or two hydrogen sul­

phide scavenge-traps followed by a methano1ic potassium hydroxide 

scrubber for collecting carbon disulphide. Air is aspirated 

through the system to pass the gaseous products through the 

scrubber train. The amount of carbon disulphide produced is 

determined by titrating with standardised iodine solution using 
~ . 

pheno1~tha1eln as indicator. 

The evolved carbon disulphide can be measured spectrophoto­

metrically. The most commonly used method is based on the absorp­

tion of the carbon disulphide in ethano1ic solutions of copper 
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'acetate containing triethanolamine and diethylamine (Ide1son, 

1960). This solution is known as Vi1es reagent (Viles, 1951). 

The wavelength used for measuring the resultant dithiecarbamate 

was not generally agreed upon until Cu11en (1964) investigated 

this matter. He found that both 1:1 and 1:2 copper/dithiocar­

bamate complexes were formed in the medium. The former has a 

maxima at 380 nm, and the latter at 435 nm. Due to high base 

line at 380 nm he suggested use of 435 nm by limiting the amount 

of copper ion to promote a 1:2 complex formation. 

Munnecke, Domsch and Eckert (1962) studied the fungitoxicity 

of air passed through ce1umns of sei1 treated with my1ene and 

other dithiocarbamates (captan, nabam, thiram, terrac1er and 

zineb). The gases released when some of the dithiocarbamates 

degrade included hydrogen sulphide and carbon disulphide. Carbon 

disulphide was trapped in Vi1es reagent and determined spectro­

photometrically. 

The carbon disulphide and hydrogen sulphide evolved after 

acid digestion may be determined by gas chromatography (Bighi, 

1964; Bighi and Sag1iette, 1966). 

After acid decompesitien of a dithiocarbamate salt, besides 

the liberation of carbon disulphide, a corresponding amine is also 

produced, which remains in the aqueous phase as a nonvolatile amine 

salt. This mixture may be made alkaline and the volatile amine 

distilled and determined by acid consumption (Bighi and Penzo, 
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1963). The amine may be assessed colorimetrically by reacting 

with carbon disulphide and copper (11) ion to form the copper 

dithiocarbamate (Henermann. 1957). The amine salt could be 

directly determined by X-ray diffraction methods (Brock and 

Louth. 1955). or by paper chromatography (Zijp. 1956). 

f1ethyl i sothi ocyana te is another vol ati 1 e product formed when 

dithiocarbamates degrade. Munnecke. Domsch and Eckert (1962). 

Munnecke and Martin (1964) and Munnecke. Martin and Moore (1967) 

investigated the release of methylisothiocyanate from several 

dithiocarbamate fungicides. Methylisothiocyanate was trapped 

in ethanol and determined by measuring the ultraviolet absorpt-

tion at 243 nm. 

1.2.3 14ethods based on titration of dithiocarbamates with 
acids. bases or heavy metals 

Two moles of acid are consumed \~hen a dithiocarbamate is 

decomposed with acid resulting in the amine salt: 

R2NCSS Na + HX + R2NCSSH + NaX 

R2NCSSH + R2NH + CS2 

R2NH + HX + R2NH. HX 

The dithiocarbamate can be decomposed with dilute sulphuric 

acid. and the excess acid can be back-titrated with base. using 

phenolpthalein indicator (Shankaranarayana and Patel. 1961). 

Hulanicki and Shiskova (1965) affected the decomposition of water 
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soluble dithiocarbamates with perchloric acid. Back-titration 

was followed potentiometrically. 

Chemical methods for determining dithiocarbamate esters 

are not highly developed. A procedure is recommended, however, 

for the analysis of the cyclic dithiocarbamate ester dazomet 

(Stansbury, 1964). It is based on the same method described 

above for dithiocarbamate salts, but the decomposition products 

formed in a measured excess of hydrochloric acid includes 

methylamine hydrochloride, carbon disulphide, and formaldehyde. 

The amount of hydrochloric acid consumed, which is determined 

by titrating the excess with standard sodium hydroxide in pre­

sence of methyl red-boromocresol green indicator, is a measure 

of the dazomet originally present. 

Titration of dithiocarbamic salts and water soluble dithio­

carbamates with heavy-metal ions forms basis of very useful 

titrimetric methods. Bicovsky and Bicovska (1959) described a 

method in which soluble alkali-metal dithiocarbamates, and 

xanthates, are converted to the corresponding chloroform soluble 

nickel chelate. The chloroform soluble material is then titrated 

with mercury (11) ions, using diphenyl carbazone as indicator. 

Carbon disulphide can be determined by converting it to 

dithiocarbamic acid wh.ich is then titrated with mercury (11) ions 

in pyridine using copper (ll)~EDTA complex as an indicator 

(Sedivec and Flek, 1959). 
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Silver ions form an insoluble complex with thiuram disul­

phides, and this has been used as a basis for quantitative 

determination. Li and Li (1962) described a procedure in which 

tetramethylthiuram disulphide was reacted' in dioxane solution 

with excess silver nitrate solution. The resultant precipitate 

was filtered and the excess silver ions in the filterate back-

titrated with thiocyanate solution. 

1.2:4 Methods based on chromatographic techniques 

Various chromatographic techniques have been described for 

separating and identifying dithiocarbamates. 

The most commonly used techniques have been paper chromato­

graphy. Several derivatives of dithiocarbamic acid salts, esters 

and thiuram disulphides have been separated. However, no single 

method is generally applicable for the analysis of all dithiocar­

bamates. 

The a-amino acid salts of dithiocarbamic acids have been 

separated using ammonium hydroxide-propanol solvent systems 

(Jensovsky, 1955; Zahradnik and Kobrle, 1959). The compounds 
Q. 

were detected using ammonical silver nitrate. McKinley and 
~ 

Magarvey (1960) studied the separation of some dithiocarbamate 

salts derived from dimethylamine (e.g. ferbam, thiram and ziram) 

and ethylenediamine (e.g. maneb, nabam and zineb). Satisfactory 

separation of dimethyl amine derivatives was achieved on a fibre-
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glass paper impregnated with formamide using chloroform, 

petroleum ether. and a mixture of n-hexane and chloroform as 

mobile phase. However, the ethylenebisdiamine dithiocarbamates 

remained relatively immobile. But good separation of nabam and 

its products of oxidation can be obtained by using butanol, 

ethanol and water as developing solvent (Ludwig and Thorn, 

1960). Iodine-azide reagent was used for detecting the com­

pounds. 

A method applicable for the separation of simple dithio­

carbamates and thiuram disulphides was described by Lu and P'o 

(1963). They used various organic solvents and water as mobile 
t.~j 

phases and ace~trile-butadiene copolymer in benzene-acetone 

solution as stationary phase; acidified sulphate was used 

for detecting the compounds. Separation,of di sulfi ram (tetra­

ethylthiuram disulphide) using aqueous methanol was studied by 

Gockeritz (1966). However, he found that the compound decompo­

sed on paper. 

Gockeritz (1966) also studied the paper chromatography 

of 3,5-disubstituted thiadiazines. He used heptane and mixtures 

containing other organic solvents as mobile phases to separate 

Afungin (3,5-dibenzyl). Ujothium (3-benzyl, 5-carboxymethyl) and 

other pharmaceutical preparations containing thiadiazines. The 

dithiourea and ethanolamine impurities in the preparations were 

also separated. The compounds were detected mainly with iodine-

azide reagent. 
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A quantitative photometric procedure applicable in principle 

to all thiadiazine from which involatile amines or amino acids 

could be split was described by Schmandke (1965). The chroma­

tograms were developed in ligroine-methanol-water and treated 

with acetic acid, ninhydrin and acidified copper nitrate. 

The resultant red complex was determined colorimetrically. 

Acid decomposition of dithiocarbamates followed by subsequent 

determination of the amine salts by paper chromatography has 

also been used to identify dithiocarbamate rubber accelerators 

and antioxidants (Zijp, 1956). 

Thin layer chromatography using silica gel has been used 

to separate manganese and zinc ethylenebi sdithiocarbamates (maneb, 

zineb) and their degradation products (Fishbein and Fawkes, 1965). 

The compounds were detected by either dithizone or potassium 

ferri cyanide ferric chloride. 

Column chromatographY on alumina was used by Bellamy et al 

(1947), for separating zinc dimethyldithiocarbamate and tetra­

methylthiuram disulphide from other chemical impurities in rubber. 

Similarly Parker and Berriman (1952) separated several zinc 

dialkyldithiocarbamate and thiuram disulphides on silica gelce­

lite columns. They investigated several developing solvents and 

reagents for separating and detecting the dithiocarbamates. Metal 

chelates of dialkyldithiocarbamates have been separated by column 

chromatography using activated alumina (Al-~lahdi and Wilson, 1951) 

or silica (Smith and Hayes, 1959). 



19 

High Pressure Liquid Chromatography (HPLC) has been 

introduced only relatively recently for the analysis of 

dithiocarbamates. 

With the advent of low dead volume instruments, highly 

sensitive (although non-specific) detectors, and extremely 

efficient support materials, HPLC has become a very useful 

tool for the analysis of various chemicals of agricultural 

and medical importance. The advantages of HPLC were summa­

rised by Horgan (1974): 

i) analysis of compounds that are thermally unstable; 

ii) analysis of compounds with low volatility; 

iii) minimal clean-up of samples; 

iv) non-destructive detectors; 

v) easy sample scale-up for preparative purposes, and 

vi) high resolution due to the participation of both the 

stationary and the mobile phase. 

The individual components of the system as well as the 

various materials and the separating mechanism have been des­

cribed by Done (1974) and Bristow (1976). 

The ability of dithiocarbamates to form complexes with 

heavy metals was described previously. This property has been 

widely used for the analysis of metal-ions by HPLC but not of 

the ligand. 
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Separation and identification of nickel (Liske, Guiochon 

and Co1in,.1979) and other metal ions such as cobalt, copper, 

zinc and lead bisa1ky1dithiocarbamate complexes (Lehotay, Liska 

et a1 1979) has been studied on silica gel columns. Good sepa-

ration was obtained of individual meta1-dithiocarbamate complexes, 

but when different metals or dithiocarbamates are present, 

exchange reactions may occur between the metals and the dithio­

carbamates to give mixed ligand complexes. A number of metal 

complexes of diethy1, benzyl methyl and diethoxyethy1-dithio­

carbamate have also been separated 6n silica gel columns 

(Heizmann and Ba11schmiter, 1977; Moriyasu and Hashimoto, 

1978) . 

Several metals and mixtures of metals have been separated 

on bonded nitrile column using diethy1dithiocarbamate as a 

ligand (Gaetani, Laureri and Hangia, 1979). The same system has 

been used for determining levels of platinum excreted in urine 

after administration of anti-tumour agent (Bannister, Sternson 

and Repta, 1979). However, repeated use of the column le/d to 

loss of data reproducibility. 

Schwedt (1977, 1978, 1979) studied reverse phase chromato­

graphy of a number of metal-ion complexes of diethy1 and tetra­

methy1enedithiocarbamates. ·He successfully chromatographed com­

plexes of cobalt, copper, nickel, mercury, and lead, although the 

latter was found to be unstable. 
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Direct HPLC of dithiocarbamates has not been studied as 

widely as the heavy meta1-dithiocarbamate complexes. 

Thruston et a1 (1972) investigated HPLC of several carba­

mate pesticides on both reverse phase and silica columns. They 

successfully separated dazomet and other carbamate pesticides 

on a silica column using isopropano1-hexane as mobile phase. 

Several reviews have been written on the analysis of 

pesticides including carbamates by HPLC (Ishii, 1974; Moye, 

1975; Lawrence and Turton, 1978). 

1.2.5 Other methods. 

The polarographic behaviour of dithiocarbamate salts has 

been fairly extensively investigated (Fujinaga and Yamashita, 

1964; Zuman et a1, 1953; Pasciak, 1963). Zuman et a1 (1953) 

determined the carbon disulphide evolved from decomposition of 

dithiocarbamates by treating it with ethano1ic solution of 

diethylamine to form the corresponding dithiocarbamate. Polaro­

graphic methods for the determination of several dithiocarbamate 

pesticides (e.g. ziram, zineb, ferbam) have been investigated 

by Nangniot (1960). The behaviour of some heavy metal dithio­

carbamates was studied by Fujinaga and Yamashita (1964). The 

oxidation-reduction potential of tetraethylthiuram disulphide 

and diethy1dithiocarbamates has been investigated by Gregg and. 

Ty1 er (1950). 
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A nonspecific approach based on the use of oxidising 

agents to convert the dithiocarbamate sulphur into sulphate 

ion, which can then be determined gravimetrically, as barium 

sulphate, is often used for the determination of dithiocar­

bamates. Various oxidising agents have been investigated 

(Wojahn, 1952). As in the case of other compounds containing 

the -CSS function the dithiocarbamate salts could be deter­

mined by titrating with iodine to a normal starch end point 

(Sankranarayana and Patel, 1961). 

The ability of thiuram disulphides to be reduced back to 

the corresponding dithiocarbamates forms another basis of 

analysis. The dithiocarbamate formed could be determined by 

methods already described previously. An alternative method 

based on measuring the stoichiometry of the reaction step has 

also been studied. Reaction of the disulphide with cuprous 

iodide and the determination of the resulting cupric diethyl­

dithiocarbamate (Domer, Fredga and Linderholm, 1949) is the 

method most widely used. Conductometric titration of tetramethyl­

thiuram disulphide with standardised copper (11) sulphate solution 

and using hydroquinone as reducing agent can be carried out to 

measure the reduction step itself (Scheele and Gensch, 1953). 

Lowen (1961) described a method in which a thiuram disulphide 

is reduced with standard sodium sulphide and the end point is 

determined electrometrically, using platinum-calomel electrode. 
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Very few pesticides fluoresce sufficiently to enable their 

direct determination. Usually, a derivative is prepared either 

by hydrolysis, oxidation, chelation, or reaction with a 

derivatising reagent to yield a highly fluorescent product 

(Argauer, 1977). Nitrogen containing pesticides, such as 

carbamates, ureas and triazines, can be converted to amines 

and phenols. Both amines and phenols either fluoresce strongly 

themselves or readily form highly fluorescent derivatives after 

hydrolysis or after hydrolysis and reaction with reagents such 
~ 

as d~nsyl chloride, fluorescamine, NBD chloride (4-chloro-7-
h 

nitrobenzo-2,1,3-oxidiazole) and o-pthaldehyde. The application 
~ 

of fluorescent derivatising reagents for the preparation of 

fluorescent probes and fluorescent tags for amines, amino acids, 

phenols, and proteins has been reviewed by White and Argauer 

(1970). 
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1.3 Degradation Studies 

1 .3.1 dazomet 

The instability of dazomet in aqueous solutions was des­

cribed as early as 1893 by Mu1der. He found that by the 

addition of heavy metal salts. the corresponding metal dithio­

carbamates. e.g. [H2N.C(:S)S12 Pb were formed. Levi and 

Gimignani (1929) later studied the reaction of dazomet in 

aqueous solutions containing silver ions and reported the 

formation of .both dimethyl dithiocarbamate and methylene 

dithiocarbamate silver complexes. 

The reactions of dazomet in aqueous solutions were not 

further reported until 1956. when van der Kerk studied the 

fungicidal activity.of dazomet and sodium N-methy1dithiocarba­

mate. He concluded (without furnishing chemical evidence) 

that dazomet is hydrolysed in aqueous solutions to. form formal­

dehyde and an ester of N-methy1 dithiocarbamate which is then 

further decomposed to form methy1isothiocyanate. Decomposition 

to methy1isothiocyanate was also thought to occur with sodium 

N-methy1dithiocarbamate (Figure 1.2). 

/s, -9'S 
HC. C 

21 1 
H3C - N 'C ........ N - CH3 

H2 

CH -N-C-S 
3 I 11 

H S 
--

........ s ......... ~s 
C C 

I I 
H C - N N - CH3 + HCHO 

3 I I 

H \. H 
CH3.N = C = S 

FIGURE 1.2 Degradation of dazomet and N-methy1dithiocarbamate 
to methy1isothiocyanate (van der Kerk. 1956) 
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Goksoyr (1964) carried out spectrophotometric studies to 

check van der Kerk's suggestion. He compared the ultraviolet 

spectra of dazomet in carbon tetrachloride and water, and 

suggested that in water the dazomet ring splits to give a 

lower absorbance ultraviolet spectra characteristic of a 

dithiocarbamate derivative. However, the dithiocarbamate 

was not positively identified. 

Goksoyr also investigated the formation of dimethyl 

dithiocarbamate and methylene dithiocarbamate reported by 

Levi and Gimignani (1929). He found that dazomet formed a 

yellow precipitate with cupric sulphate which was not extrac­

table with carbon tetrachloride, indicating that dimethyl 

dithiocarbamate was not present. Small quantity of cupric 

dimethyl dithiocarbamate (1 :2) could however be detected only 

at very high concentrations of the dithiocarbamate. Attempts 

by Goksoyr to synthesise methylene dithiocarbamate as described 

by Levi and Gimignani (1929) were not successful. He thus con­

cluded that neither dimethyl dithiocarbamate nor methylene dithio­

carbamate were ordinarily formed as degradation products of dazo­

met. 

Another mechanism for the degradation of dazomet has been 

suggested by Vacek and Flegr (1964) who studied the reactions of 

dazomet with lead (11) acetate. They proposed that methyl ammonium 

methyldithiocarbamate occurs as a primary product of dazomet 

hydrolysis (Figure 1.3). 
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S 

" ~ CH3NH-C , 

S 

SH.H2 NCH3 

FIGURE 1.3 Degradation of dazomet to methyl ammonium methyl­
dithiocarbamate (Vacek and Flegr, 1964) 

1.3.2 N-methyldithiocarbamate 

It is necessary to consider the reactions of N-methyl­

dithiocarbamate since it has been implicated as one of the 

degradation products of dazomet. 

There are three main pathways by which N-monosubstituted 

dithiocarbamic acid may decompose in acid and alkali medium 

(Takami, et al, 1973a). This is shown in Figure 1.4. 
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S S 
q ~ 

R NH C --- RNHC .--, , 
SH S 

1 a b 1 ~ S 
" 

RNH2 + CS2 RNCS + S2- (RNHC-S-)2 

FIGURE 1.4 Acid and base decomposition pathways of N-mono­
substituted dithiocarbamic acids (Takami et a1, 
1973a) 

One route is the acid decomposition to the corresponding 

amine and carbon disulphide (reaction a). These reactions 

were studied by Zuman and Zabradnik (1957) for a-number of mono 

and dia1ky1 dithiocarbamic acids in acid solution. They followed 

the reaction polarographically and found it to be first order. 

The calculated reaction-rate constant decreased with increasing 

pH values. Zahradnik and Zuman (1958) proposed the following 

forms in which dithiocarbamic acids may exist (Figure 1.5). 
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FIGURE 1.5 Forms of dithiocarbamic acids in acidic and basic 
conditions (Zahradnik and,Zuman, 1958). 

Form I could exist only in acid solution, and form 11 under 

alkaline conditions. The acid decomposition was explained in terms 

of proton addition according to the following equilibrium reactions 

(Figure 1.6): 

R S R S R R 
"- ; 

" +'" + H+ 
1- "- , + 

N - C ~ N - C ;;== N - H + CS 2 
~ 

~ 
~ 

, , / I , / / 

R' S R' H 'U- R' R 
+ H+ 

(II ) 

(IIIa) 

FIGURE 1.6 Mechanism for acid decomposition of dithiocarbamic acid 
by proton addition (Zuman and Zahradnik, 1957). 

NH2 
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The form IlIa was considered to be the reactive form of dithio-

carbamic acid in acid solution which splits into carbon disulphide 

and amine. 

Miller et al (1962), however, ruled out the possibility of 

IlIa due to spectral evidence. Form IlIb was supported based on 

findings of solvent effects in aqueous methanol and dioxane systems 

(Joris et al 1970a). They found that a decrease in the dielectric 

constants of the solvents enhanced the decomposition of the dithio­

carbamate having smaller N substituents such as methyldithiocarbamic 

acid and retarded those having bulkier ones. Thus they proposed a 

transition form (Figure 1.7) in which the N-C bond was solvated. 

This was a critical factor in the. stability of the dithiocarbamate. 

A fast proton pre-equilibrium between the acid form and the anion 

a 0 
R , 0+ 0+.1' 

N - C 
/ " R' - --H'-·S 

0 

FIGURE 1.7 Fast proton pre-equilibration between the acid 
and anion form of dithiocarbamic acid (Joris et 
al, 1970a) 

form occurs predominantly in acid solutions before splitting of 

the molecule to carbon disulphide and amine. 
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The role of a further protonated form IV (Figure 1.8) of 

N-monosubstituted dithiocarbamic acids in strongly acid solutions 

was considered by Takami et al (1973b). 

SH S S 
+ , .. // 

RNH = C ... RNH - C ~ RNH - C ~ ~ 

, , , 
SH SH S 

( IV) (i i i ) (ii) 

FIGURE 1.8 Protonated forms of N-monosubstituted dithiocarbamic 
acids in strongly acid solutions (Takami et al, 1973b) 

They suggested that decomposition reaction in strongly acid solu­

tions proceeds via (iii) in the equilibrium IV'*(iii), followed 

by rate-determining decomposition of (iii), but not via IV. This 

mechanism was in accordance with the findings of Joris et al 

(1970b). However, Takami et al (1973b) proposed a transition 

state (Figure 1.9) which was in conflict with that of Joris et 

at (1970a). The lone pair of nitrogen and IT-electrons of thiocarbonyl 

FIGURE 1.9 

H S 

:I 
R - N C 

I iI 
H S 

Transition state for the decomposition of N-monosub­
stituted dithiocarbamic acids in acid solutions 
(Takami, et al 1973b) , 
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group lie on the same plane unlike the state proposed by Joris 

et a1 (1970a) in which the lone pair and SH are required to 

situate on the same plane (Figure 1.7). The C-N bond cleavage 

occurs concertedly with proton transfer. 

In addition to the formation of carbon disulphide and methyl­

amine, other products have also been reported to be formed when 

N-methy1dithiocarbamate decomposes in acid solution. Turner and 

Corden (1963) and Joris et a1 (1970b) reported the formation of 

hydrogen sulphide, N,N'-dimethy1thiourea, N,N'-dimethy1thiuram 

disulphide and methy1isothiocyanate, but the mechanisms have not 

been unequivocally established. 

The other reactions of dithiocarbamic acids involves the 

formation of isothiocyanate (reaction b; Figure 1.4) and thiuram 

disu1phides (reaction c; Figure 1.4) in alkaline solutions. 

Halls (1969) studied the decomposition of N-methy1dithiocar­

bamates and found that it was unstable at pH > 7. The observed 

decomposition products were methy1isothiocyanate, hydrogen sulphide 

and traces of sulphur. 

Two different mechanisms have been proposed for the decomposi­

tion of monoa1ky1 dithiocarbamates. The first mechanism consists of 

base catalysed decomposition, according to the following mechanism 

(Figure 1.10) proposed by Wronski (1959) and Hodgkins et a1 (1961). 
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(1) RHNCSS- + B ~ RNCSS2- + BH+ 

(2) RNCSS2- ~ RNCS + S2-

FIGURE 1.10 Mechanism for base decomposition of N-methyldithio­
carbamic acid (Wronski, 1959; Hodgkins et al 1961). 

However, Takami et al (1970c) suggested a different mechanism 

(Figure 1.11) in which the conjugate base (iia) is unreactive and 

-S S 
, 

~ 

RN = C "" RHN - C -> CH3N = C = S + SH , , 
S S 

(iia) (i i ) 

FIGURE 1.11 Mechanism for base catalysed decomposition of N-methy1-
dithiocarbamate involving a conjugate base form 
(Takami, et al, 1970c) 

the isothiocyanate and sulphide ion are formed directly from (ii) 

through the following transition state (Figure 1.12): 

H ... S 
. '\.. . 
: '" : 

R - N - C 

" S 

FIGURE 1.12 Transition state for the decomposition of N-monosub­
stituted dithiocatbamic acid in basic solutions 
(Takami, et al (1973c) 



33 

The other mechanism for base decomposition involves oxida-

tion. Turner and Corden (1963) observed that at pH 9.5 varam 

(sodium N-methy1dithiocarbamate) decomposes to methy1isothio­

cyanate and elemental sulphur. The rate of decomposition was 

dependent on oxygen content of the solution. Joris, et a1 (1970b) 

suggested the following decomposition mechanism (Figure 1.13) 

involving the formation of N,N'-dimethy1thiuram disulphide 

(DMTD). But the mechanism has not been finally established. 

S S 
(1) 2 RHNCSS-" " -R-NH-C-S-S-C-NH-R + 2e 

(DMTD) 

(2) DMTD + ~ O2 ~ 2 RNCS + H20 + 2S 

FIGURE 1.13 Oxidation mechanism for the decomposition of vapam 
(sodium N-methyldithiocarbamate) at pH 9.5) 

Studies on the degradation of dazomet show that the com­

pound is unstable in aqueous conditions. However, very little 

work has been done to quantify the degradation of dazomet. The 

volatile products released from secondary breakdown reactions 

have been studied, and some of the products quantified, but 

these do not give any clear understanding of the primary degrada­

tion process which is essential for inferring its biological 

activity. 
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1.4 Biological Action of Dithiocarbamates 

A considerable amount of literature has been published on 

the biological effects of the dithiocarbamates since the first 

patent for their use as fungicides by Tisdale and Williams 

(1934). Most of the 'fundamental' studies on fungitoxicity have 

been undertaken on the intact fungus or its spores. These studies 

are useful especially for certain inferences on structural 

relationships and mode of action. Another area of investigation 

has been the effect of dithiocarbamates on specific enzyme systems. 

Numerous workers have investigated the effects of dithiocarbamates 

on such processes as respiration and nitrification as well as 

many isolated enzyme systems. However. no clear answer appears 

as to the mode of biocidal action in intact cells. Several reviews 

(Janssen and Kaars Sijpestijn, 1961; Thorn and Ludwig. 1962; 

Albert, 1979; Lukens. 1971) have been written. essentially cata­

loguing these observations. 

Any consideration of the biological action of dithiocarbamates 

has to take into account the activities of their decomposition 

products. It is possible to consider these effects in three 

genera 1 areas. 

1.4.1 Interaction with thiols 

The cysteyl branches on proteins serve as functional groups 

for enzymic activity and determine in part, the structural form 
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and characteristics of the proteins. Fungicides may combine with 

thiols on coenzyme or apoenzyme and prevent the functioning of 

the system in a reaction that may be nonspecific (Owens and 

Blaak, 1960). 

McCallan, Miller and Weed (1954) examined the effects of 

severa 1 fungi cides on respi ra ti on of coni di a of fi ve fungi. 

They found that ferbam (ferric dimethyldithiocarbamate), lime 

sulphur (cas.Sx) and phenol were strong inhibitors of respiration 

of certain fungi. but had 1 ittle or no effect on respi ration of 

others. 

Owens (1960) distinguished metabolic inhibition in the 

tricarboxylic acid cycle of Neuraspora sitophila by sulphur con­

taining fungicides. He found that sulphur, sodium sulphide, thiram 

(tetramethylthiuram disulphide) and ferbam, all stopped the conver­

sion of acetate to citrate and slightly inhibited succinate oxidase. 

Ziram (zinc dimethyldithiocarbamate), nabam (disodium ethylene­

bisdithiocarbamate), and maneb (manganese ethylenebisdithiocarba­

mate) all inhibited aconitase. Methylisothiocyanate had no effect 

on acetate-to-citrate metabolism, though it inhibited the dehydrogen-

ases of malate and succinate. 

Inhibition of protein synthesis in vitro by isothiocyanates 

has been reported by Leblova-Svobodova (1965). He showed that the 

inhibition was not due to competition of isothiocyanates for amino 

acids in the system. Lukens, 1971, suggested that the isothiocyanates 



36 

act by combining with thio1 groups on the enzymes of the system. 

Leakage of membrane constituents has also been reported in 

the presence of dithiocarbamates. Wedding and Kendrick (1959) 

showed that sodium-N-methy1dithiocarbamate caused leakage of 

cellular constituents from Rhizoctonia Solani. They suggested 

that the dithiocarbamate acts by attacking thio1s of the membrane. 

Methy1isothiocyanate, the decomposition product of N-methy1-

dithiocarbamate reacts with thio1s to form methy1dithiocarbamic 

acid ester (Thorn and Ludwig, 1962). However, there was no evidence 

of membrane damage as reflected by loss of se 1ecti ve ion permeabi-

1ity' and other thio1 reactants (such as captan and dich10ne) have 

been shown to be Similarly inactive on the fungus membrane 

(Kottke and Sis1er, 1962; Miller and McCa11an, 1957). 

The dithiocarbamates are unique among fungicides in that their 

fungitoxicity increases with the ability of the compounds to ionize 

(K10pping and van der Kerk, 1951). The free dimethy1dithiocarbamate, 

however, does not react with thio1s (Owens and Rubinstein, 1964), 

but thiram, the disulphide of dimethy1dithiocarbamate, does react 

with thio1s without requiring oxygen. Hence, Owens and Rubinstein 

(1964) suggested that the mechanism may involve the formation of a 

free radical. The reaction can also proceed via a polar exchange 

mechanism (Campaigne, Tsurugi and Meyer, 1961). The final product 

is the disulphide of the thio1 and the dithiocarbamate ion of 

thiram (Figure 1.14). 



37 
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" 
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N-C-S-S-C-N + RS - ~ N-C-S-S-R + N-C-S 
/ \ 

/ / 

Me M~ Me ~ 

Me S Me S 
\ n \ u 
N-C-S-S-R + RS - ~ R-S-S-R + N-C-S 

I / 

Me Me 

FIGURE 1.14 The reaction of thiram with thiols (Campaigne, Tsurugi 
and ~yer, 1961) 

The inhibitory activity of dithiocarbamates has been shown 

to be antagonised by imidazole derivatives. Kaars Sijpesteijn 

and van der Kerk (1952; 1954) showed that L-histidine and a number 

of imidazole derivatives displayed antagonistic activity towards 

tetramethylthiuram disulphide and dimethyldithiocarbamate. 

1.4.2 Oxidation-reduction reactions 

Miller, McCallan and Weed (1953) proposed that sulphur may 

exert its fungitoxicity by removal of protons from the protoplast. 

Fungi which are sensitive to sulphur, reduce the element quantit-

atively to hydrogen sulphide. These protons may be removed from the 

dehydrogenases of the system thus impairing the energy production 

mechanism of the cell. Sulphur may also compete in a similar manner 

with oxygen for protons from terminal oxidases (Horsfall, 1956). 
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Tweedy (1964) also suggested that the reduction of sulphur·to 

hydrogen sulphide by fungi may involve the cytochrome system 

and may uncouple phosphorylation. 

The various aspects of biological effects of sulphur and 

its mode of action have been reviewed by Horsfall (1956) and 

Martin (1964). and it is not certain whether sulphur or a com­

pound of sulphur permeates fungus cell and causes toxicity. 

1.4.3 Metal chelation 

Heavy metals are required by the cells to catalyse certain 

metabolic processes. It may serve this function as a chelate 

with a biological component. 

Metal ions may act as catalysts by binding as cofactors to 

the sites on enzymes. Fungitoxic chelators may compete with 

natural cofactors to bind through metal to sites on the enzymes 

(Ri ch. 1960). 

Leibermeister (1950) investigated the effects of sodium 

dimethyldithiocarbamate on several strains of staphylococci and 

on Escherichia coli and found greater inhibition in serum agar 

than in other media. Addition of copper sulphate to serum-free 

media increased inhibitory effect of the dithiocarbamate. He 

considered that the antibacterial action of this and other copper­

binding compounds was not due to removal of copper from the medium. 

but was primarily due to formation of toxic copper complexes in the 

medium. 
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Owens (1953) studied various enzymes obtained from both 

plant and animal sources, e.g. pancreatic amylase, malt amylase, 

polyphenol oxidase and catalase, chosen to represent amino, 

sulphydryl-, copper- and iron-dependent enzymes respectively. 

He found that sodium diethyldithiocarbamate, iron and zinc 

dimethyldithiocarbamate, and tetramethyldithiocarbamate all 

inhibited to a varying degree all the enzymes tested. Owens 

(1953) presented evidence to indicate that inhibition resulted 

from complex formation with metals of the metal-containing enzymes 

or by interference in electron shifts between sulphydr~l or amino 

groups of the enzyme and substrate molecules. Other enzymes 

e.g. cholinesterase, alkaline phosphatase, alcohol dehydrogenase 

and succinic dehydrogenase, which depend on metal ions as cofactors 

have also been shown to be inhibited. These have been reviewed 

extensively by Thorn and Ludwig (1962). 

Horsfall (1956) studied the fungitoxicity of several metal 

complexes. He found that there·was a parallel relationship between 

fungitoxi city and stabil i ty cons tants of meta 1 compl exes and s ugges­

ted that the toxic reactions may occur as a result of interaction 

with essential enzymes or due to catalysis of toxic reactions in 

the cell. 

Di fferent chelate toxi cants have different permeabi 1 ity to 

cells. This results in a peculiar pattern of growth and/or germi­

nation inhibition with certain fungi by a number of dithiocarba­

mates and their oxidation products. This was originally described 
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by Dimond et al (1941) for spore germination tests (Figure 1.15). 

FIGURE 1.15 

6~03~~~'~~~~~~~'0~~~~~~~ 
Dosage (mola,.lty .. 101) 

Bimodal dose response curve for TMTD (tetra­
methylthiuram disulphide (from Dimond et al, 
1941 ) . 

They suggested that the two positive slopes represented two 

distinct toxicants while the negative slope represented a change 

to the second toxicant at the expense of the first as the dose 

of the chelator was increased. 



41 

This phenomenon was later shown to occur during studies 

of the growth inhibition of Aspergillus niger and Penicillium 

italicum by sodium dimethyldithiocarbamate and tetramethyl­

thiuram disulphide in solid media (Kaars Sijpesteijn and van der 

Kerk, 1953; 1954). 

They also showed that the first zone of inhibition could be 

reversed by certain a-keto acids. Goksoyr (1955) suggested that 

with dimethyldithiocarbamate (DDC) the first toxicant was 1:1 

copper:DDC complex (Figure 1.16a) formed in the medium. With 

increasing concentration of DDC a 1:2 complex (Figure 1.16b) was 

formed resulting in decreased potency and thus a negative slope. 

CH3 5 CH3 5 5 
, // .,. , // 

.,. , , 
N - C Cu+ N - C Cu C-N 

/ , 
" " 

, , '\ 1/ 

CH3 5 CH3 5 5 

(a) (b) 

FIGURE 1.16 1:1 (a) and 1:2 (b) complexes of copper dimethyl­
dithiocarbamate (Goksoyr, 1955) 

With the chelation of all the metal, the second toxicant was 

considered to be DDC itself or its 1:1 complex with other metals. 

Horsfall (1956) suggested, however, that the first zone of 

inhibition may be due to the chelation of required metals in the 

cell. 

/ 

CH 3 

, 
CH 3 
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Later Kaars Sijpesteijn and Janssen (195\1) studied the 

solubility properties of the copper complexes and suggested 

that the 1:2 complex penetrates the cell bettter than the 1:1 

complex, but the latter is the actual toxic moiety which com­

bines with an enzyme. The 1:2 complex must be transformed 

into 1:1 complex within the cell to show any toxicity. 
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1.5 Toxicity Studies and Applications of Dithiocarbamates in 
Cllnlcal Mediclne 

Lysenko et al (1957) studied several compounds for their 

ability to protect against ionizing radiation in mice. They 

found good effect with sodium diethyldithiocarbamate. Cohen et 

al (1957) and Du 80is et al (1961) suggested that the dithio-

carbamates shield from radiation damage by increasing electron 

flow towards radiosensitive site in the cellular oxidation-

reduction chain. 

Sodium diethyldithiocarbamate has also been found useful 

against exposure to vapours of nickel carbonyl (Sunderman and 

Sunderman, 1958; West and Sunderman, 1958). 

Since the initial discovery by Hald et al (1948) that Antabuse 

(tetraethylthiuram disulphide) rendered humans sensitive to ethyl 

alcohol, the use of Antabuse for the treatment of alcoholism and 

its effect on enzymes involved in alcohol metabolism has been 

well documented (reviewed.by Thorn and Ludwig, 1962; Lukens, 

1971). 

Studies on the toxicological properties of the dithiocarbamates 

and the related thiuram disulphides show them to be low in toxicity. 

However structural differences are important in the overall toxi-

city of these compounds. 

Tetramethylthiuram disulphide has been found to be approximately 

ten times more toxic to rabbits than the tetraethyl derivatjve 
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(Antabuse) (Hanz1ik and Irvine, 1921). Studies on mice (Kirch­

heim, 1951), chicks, goslings and turkey poults (Waibe1, 1957) 

show similar results. Waibe1 found that turkey pou1ts were 

able to tolerate tetramethy1thiuram disulphide at much higher 

concentration in their diet (200ppm) compared to chicks and 

goslings (40 and 150 ppm respectively). 

Toxic reactions involving allergic sensitisation of skin 

have also been observed. Griepentrog (1960) showed that tetra­

methyl, dipyrrolidyl and po1yethylene thiuram disu1phides - all 

produced allergic skin response. 

The dithiocarbamic acid salts have been found to be generally 

-more toxic than the corresponding disulphides. Toxicological 

studies for a number of dithiocarbamic acid salts have been repor­

ted (Dicke, A11en and Richter, 1947). These authors and others 

(Rarattini and Leonardi, 1955; Koroblev, 1960) have also shown 

that as with the disu1phides, the dimethyl derivatives are more 

toxic than the diethy1 derivatives. Some difference in toxicity 

of different metal salts has also been observed. Hodge et a1 

(1952) and Hodge (1956) showed that ferric salt of diethyldithio­

carbamate has much lower acute toxicity than the zinc salt, 

though the overall toxicity of either salt was not high. 
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1.6 Aim of the Project 

The aim of this project was to study the degradation of 

dazomet under different conditions and correlate this with its 

biological activity. 
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2. MATERIALS AND METHODS 
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2.1 Chemicals 

Dazomet 

Dazomet was supplied by B.A.S.S. (UK) Ltd, Agrochemica1s 

Division, Had1eigh, Essex as a solid formulation containing 

98-99% w/w of dazomet. It was purified by recrysta11ising 3 

times from acetone (Goksoyr, 1964). 

Dithiocarbamic acid salts 

The sodium salts of N-methy1-, NN-dimethy1, and NN-diethy1-

dithiocarbamate were supplied by J D Campbe11 and Sons Ltd, 

Warrington, Sigma London Chemical Co Ltd, Poo1e and A1drich 

Chemical Co Ltd, Gi11ingham, respectively. Ammonium NN-tetra­

methy1enedithiocarbamate was supplied by Sigma London Chemical 

Co Ltd, Poo1e. Sodium N-methy1 and N-ethy1dithiocarbamate and 

ammonium dithiocarbamate were synthesised from corresponding amine 

and carbon disulphide according to the method described by 

K10pping and van der Kerk (1951). 

Thiuram disulphides 

Thiram (NN, N'N'-tetramethy1thiuram disu1phide)was supplied 

by Robinson Bros Ltd, West Bromwich, and disulfiram (NN, N'N'­

tetraethylthiuram disulphide) was supplied by Sigma London Chemi­

cal Co Ltd, Poo1e. NN'-dimethy1thiuram disulphide was prepared 

from N-methy1dithiocarbamate according to the method described by 

Takami et a1 (1973). 
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The above chemicals were all stored in a vacuum desiccator 

over phosphorous pentoxide. 

MetaL sb:tts 

Analytical-reagent grade nickel sulphate, cobalt nitrate, 

copper nitrate, mercury (11) nitrate and lead nitrate were used. 

Other chemiaaLs and reagents 

N-methylisothiocyanate and fluorescamine were supplied by 

Sigma London Chemical Co Ltd, Poole. Methylamine hydrochloride 

and caffeine were supplied by Aldrich Chemical Co Ltd, Gillingham. 

Methanol (HPLC grade) was supplied by Fisons Scientific Apparatus, 

Loughborough. 

All other chemicals, unless otherwise stated, were of AR 

grade and obtained from either BOH Chemicals Ltd, Poole; Aldrich 

Chemical Co Ltd, Gillingham; or Sigma London Chemical Co Ltd, 

Poo le. 

2.2 Buffer Solutions 

Sodiwn phosphate buffer 

O.05M NaH2P04 and Na2HP04 were prepared and the two solutions 

mixed to obtain the required pH. 
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. Borate bu[[er 

0.02M boric acid adjusted to pH 8.7 with 0.2M sodium 

hydroxi de. 

2.3 Sterilisation Procedure for ~~dia and Equipment 

All the media were sterilised by autoclavin9(20 mins at 

121 0 C unless otherwise stated) or by membrane filtration using 

0.45 ~m cellulose acetate filters (Oxoid). O-glucose was steri­

lised by autoclaving at 115-116oC for 10 mins. 

Most of the equipment was sterilised either by autoclaving 

or in an oven at 1600 C for l~ hours. 

2.4 Culture Media 

Minima~ sa~ts media [or booteria (enriched) 

KHl04 

K2HP04 
Na2S04 (anhydrous) 

NH4Cl 

MgC1 2·6H20 

Casamino acids - vitamin free (Oifco) 

O-gl ucose 

per litre 

9.25g 

5.57g 

0.20g 

3.00g 

0.20g 

0.5 9 

3.0 9 



Vitamins: 

Thiamine hydrochloride 

Nicotinic acid 

Trace e 1 ernen ts: 

FeS04·7H20 

ZnS04·7H20 

MnS04·3H20 

H2S04 (O.lN) 

50 

per litre 

1.0 mg 

1.0 mg 

25.0 mg 

25.0 mg 

25.0 mg 

0.5 m1 

Casamino acids and D-g1ucose (autoc1aved separately as solu­

tion concentrates). vitamins and trace elements (both sterilised 

by membrane filtration as solution concentrates) were added to the 

media immediately before use. 

MinwL saLts media [or yeast (vitamin enriched) 

As minimal salts media for bacteria - except for an additional 

requirement of vitamins (modified according to Goksoyr. 1955): 

Aneurine hydrochloride 

Calcium pantothenate 

Pyridoxine 

Inositol , 

Biotin 

per 1 itre 

1.0 mg 

2.0 mg 

2.0 mg 

2.0 mg 

0.2 mg 
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Minirtr:zZ saLts agar 

Minimal salts agar slopes for either yeast or bacteria were 

prepared by adding 15g.1-1 agar No 3 (Oxoid) to the respective 

media described above. Casamino acids, D-glucose, vitamins and 

trace elements were added separately, as sterile solutions after 

autoclaving and cooling to 500 C to avoid thermal degradation. 

Nutnent broth 

Bacteriological peptone (Oxoid) 

Lab Lemco (Oxoid) 

NaCl 

per 1 itre 

10.Og 

10.Og 

5.0g 

The pH of the broth was adjusted as required before sterili­

sing by autoclaving. 

Nutnent agar 

Nutrient agar was prepared by adding 15g.1-1 agar No 3 (Oxoid) 

to the nutrient broth media before autoclaving. 

Nutnent media for fiZamentous fungi 

Maltose 

Yeast extract (Oxoid) 

Mycological peptone (Oxoid) 

Malt extract (Oxoid) 

per 1 itre 

38.0g 

2.5g 

8.0g 

2.0g 
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The pH was adjusted to 5.0 before autoclaving. 

Agar slopes [or [iLamentous fungi 

The agar slopes were prepared by adding 159.1-1 agar No 3 

(Oxoid) to the nutrient media for filamentous fungi before auto­

claving. 

2.5 Test Organisms 
h 

Bacillus licheniformis NCTC 1097; Saccaromyces cerevisiae 
X 

CMl 19391; Pseudomonas aeruginosa NCTC 9433; Pseudomonas aerugin-

osa NCTC 6749; Staphylococcus aureus NC1B 8625. 

Aspergillus niger AT CC 16404; Aspergillus flavus CMl 15959 

and Penicillium italicum CM! 143617. 

2.6 Degradation Studies on Dazomet 

2.6.1 Stability of dazomet in distilled water 

-1 1 ml of freshly prepared stock solution (25 mg.ml ) of dazo-

met in acetone was pipetted into a 25 ml volumetric flask and the 

volume made up with distilled water to give a final concentration 

of 1000 ug.ml- l (6.173 mM). The solutions were then trasferred to 

narrow neck reaction bottles sealed with rubber bungs and incubated 

at required temperatures. Samples were withdrawn at various time_ 
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intervals and diluted (1:100 using distilled water) before recor­

ding their ultraviolet spectra using Unicam SP800 spectrophoto-

meter (1 cm path). 

2.6.2 Separation of products using thin layer chromatography 
(Tle) 

i} Preparation of TLC pZates 

30g silica gel G (Merck) was·shaken vigorously with 60 ml 

water and the resulting slurry spread with a single motion 

(0.6 ~m thickness) on 20 x 20 cm glass plates using a Shandon 

(UNOPlAN) spreader. Calcium oxalate impregnated olates (Srivas­

tava and Dua, 1976) were prepared by using 15g calcium oxalate 

in the slurry before spreading plates (0.6 mm thick). The spread 

plates were allowed to air dry at room temperature before trans­

ferring to a rack and activating in an oven at 1100C for 1 hour. 

They were allowed to cool and stored in a desiccator over self-

indicating silica gel (Fisons) 

ii} . Separation and detection of dazomet and its degradation 
products by TLC 

Two TlC separation procedures were used: 

a} The method using calcium oxalate impregnated silica gel TlC 

plates was originally described for separating closely related 

aliphatic amines (Srivastava and Dua, 1976). Samples of degra­

ded dazomet, and standards (ca, 30 ~g) e.g. N-methyldithiocar­

bamate, N-methylisothiocyanate, NN'-dimethylthiourea, NN'-di-
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methy1thiuram disulphide and methylamine hydrochloride were 

applied on a calcium oxalate plate using a micropipette 

(Corning Ltd, Stone, Staffs). The spots were dried in a 

cool current of air (using a hairdryer) and the plates 

developed in butanol/ethanol/ammonium hydroxide (80:20:20) 

solvent system. When the solvent front reached ca 2 cm from 

the top edge, the plates were removed. The spots were 

visualised by spraying with a solution of 50% carbon disul­

phide in methanol, heated at 400 C for 5 minutes and then 

sprayed with a solution of 1% silver nitrate. Brownish 

spots were detected immediately or after heating at 400C 

for 15 minutes. 

b) Plain silica gel plates were layered with samples of degraded 

dazomet and standards (according to procedure described above) 

and developed in chloroform/methanol (5:95) solvent system 

(Drescher and Otto, 1968). The spots were vi sua 1 i sed as before. 

2.6.3 Quantitative determination of dazomet using paper 
chromatogrilPby 

The method is based on splitting of non-volatile amines from 

thiadiazine-2-thiones (Schmandke, 1965). Samples of dazomet (up to 

15 J.!g) were quantitatively layered on Whatman No 1 chromatography 

paper (20 x 22 cm) with the aid of micropipettes (Corning Ltd, 

Stone, Staffs). The spots were dried in a cool current of air 

~sing a hairdryer) and the chromatograms developed in 1igroine 
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(petroleum spirit 90-1050 j/methano1/water (2:1:1). When the 

solvent front reached about 15 cm, the chromatograms ~ere 

removed and air dried before sprayinq with 50% acetic acid 

and drying in a warm current of air uSing a hairdryer. This 

was followed by spraying with Ninhydrin solution (0.2% in ace­

tone) and incubation at 1050 C for 10 minutes. Red spots were 

formed which were sprayed with acidified copper nitrate (5% 

acidified by adding H2S04), cut out, and eluted in 5 m1 metha­

nol. The optical density of the resu1tinq solution was measured 

at 504 nm. A calibration graph of dazomet concentrations up to 

15 ~g was prepared. 

Degradation studies of dazomet were carried out in universal 

bottles, sealed with plastic screw caps and containinq 1000 ~g.m1-1 

dazomet solution in distilled water. The bottles were incubated at 

550 C. Samples were removed at various time intervals and extracted 

with an equal volume of chloroform. 30 ~1 of the chloroform extract 

t= 30 ~g dazomet) was layered on chromatography paper and treated 

as described previously. The amount of dazometin :the various 

samples was determined from the calibration graph which showed a 

linear relationship up to 15 ~g. For quantities above 15 ~g, the 

samples were appropriately diluted with chloroform before app1yinq 

to the chromatography paper. 
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2.6.4 test for detection 

Reagents: 

A. Phenyl-hydrazone HCl 

B. Ferric ammonium citrate 

C. Tripotassium phosphate 

Moham Ram 

g per 100 ml 

7.5 

5.0 

20.0 

A, Band C were prepared individually and mixed in 5:5:1 parts 

by volume respectively and constituted the active reagent. 

Filter strips (Whatman, No 3; B" x lr') were pulled thnough 

the reagent solution and dried on a white tile under a warm 

current of air (using a hairdryer). The strips were cut into 

l!,' square pieces and could be stored for several days. To spot 

test for the presence of formaldehyde, two reagent impregnated 

filter pieces were tested simultaneously. On one square a drop 

of formaldehyde solution (4 ~g.ml-l) was placed to serve as a 

control, while on the other piece a drop of test sample was placed; 

both were immediately followed by 1 drop of 6NHC1. Presence of 

formaldehyde was indicated by development of red colour within 

5-10 seconds. 

2.6.5 Determination of formaldehyde using Nash's reagent 

The procedure for determining formaldehyde was described by 

Nash, based on Hantzsch reaction (Nash, 1953). Formaldehyde in 

the medium is trapped as a semicarbazone and determined colori~ 
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metrically at 415 nm. Nash's Reagent: 

Ammonium acetate 

Acetyl acetone 

Distilled Water to 

30.0 g 

0.4 m1 

100.0 m1 

Freshly prepared reagent is colourless and stable for 

several weeks if kept in a refrigerator. Over prolonged periods 

of storage the reagent starts to turn yellow and should be dis­

carded. 

A calibration graph of formaldehyde solutions in distilled 

water was prepared by mixing 5 m1 test solutions (0-4 ~g.m1-1 

formaldehyde solution) with 2 m1s of Nash's reagent in bacterio­

logical test tubes (with plastic caps) and incubating the tubes 

in a water bath at 550C for 40 minutes. 

The tubes were then removed and the optical density measured 

at 415 nm aga i nst a reagent blank (usi ng a SP8-100 spectrophoto­

meter; 1 cm path). 

To determine the amount of formaldehyde released when 1 mole 

of dazomet degrades, a standard solution of formaldehyde (0.133 mM) 

and an equivalent ,amount of dazomet (predegraded at 55°C in uni­

versal bottles sealed with plastic screw caps) were each mixed 

with Nash's reagent, and the development of the colour followed 

against a reagent blank at 415 nm on an automatic chart recorder 

connected to SP8-100 spectrophotometer equipped with a thermostat-



58 

ically controlled cell holder. The total development of colour 

for the standard solution of formaldehyde took 40 minutes. 

2.6.6 Determination of methylamine by fluorimetry 

Reagent: 

Fl uorescami ne 

Acetone (dried over 
anhydrous ~lgS04) 

0.03 g 

to 100 ml 

A procedure described by Coppola and Hana (1974) for the 

determination of glycine using fluorescamine reagent in dietetic 

beverages was used. 

A calibration graph of methylamine hydrochloride solutions 

in distilled water (triple distilled water was used) was first 

prepared by mixing 2 ml test solutions (0.5 \1g methyllmine hydro­

chloride) with 2 ml borate buffer on a vortex type mixer, and while 

the tube was being rapidly shaken, 1 ml of fluorescamine reagent 

was added. Because of fast hydrolysis of fluorescamine in water, 

rapid mixing is essential for reproducible results. The relative 

fluorescence intensity was measured using a Perkin-Elmer 1000 

Fluorescence Spectrophotometer (396 nm (excitation) and 480 nm 

(fluorescence}) by adjusting the highest standard ( 5 \1g.ml-l ) 

to 100% and blank (0 \1g.ml- l ) to 0%. 

To study the production of methylamine during the degradation 

of dazomet in phosphate buffers (procedure described in 2.6.7) 
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0.5 ml sample of test solution was made up to 50 ml. with triple 

distilled water and 2 ml of this solution was treated exactly the 

same as the standards. 0.5 ml of phosphate buffer alone was trea­

ted similarly to serve as buffer correction blank. 

2.6.7 Determination of dazomet and its degradation 
products by Hlgh Performance llqUld Chromato­
graphy (HPlC) 

The Ziquid chromatograph 

The basic components of a liquid chromatograph have been 

described previously (Section 1.2). 

For most work with HPLC, a constant flow rate Waters Asso­

ciates 6000 pump was used. The solvent (previously degassed under 

vacuum) was pumped (1.5 m1.min- l ) on to the column fitted with a 

Rheodyne 7010 valve injector with a 10 ~l loop. Samples were 

injected using a plastic disposable syringe. The eluate from the 

. column was passed through an ALC 2D2 detector at 254 nm, and the 

peaks recorded on a Servascribe recorder. 

Preparation of the coZumn 

A stainless steel column (10 cm x 5 mm i .d) was packed with 

5 ~m (Hypersil-DDS (octadecylsilyl silica) (both supplied by 

Shandon Southern Products Ltd, Runcorn, Cheshire), according to 

the procedure described by the manufacturers and using an air pump 

(Olin Energy Systems Ltd, Sunderland). The performance of the column 



60 

Was evaluated using the chromatographic conditions described 

fly Knox and Parcher (1969). 

Degradation of dazomet in phosphate buffers 

Dazomet solutions were prepared in phosphate buffers 

(1000 ~g.m1-1; 6.175 mM) and transferred to universal bottles 

sealed with plastic screw caps. To study the degradation of 

dazomet under nitrogen atmosphere, nitrogen gas was bubbled 

into the reaction bottles for about two minutes. Similarly 

the effect of oxygen saturation was investigated by bubbling 

oxygen gas through the samples. Degradation in the presence 

of methy1isothiocyanate, N-methy1dithiocarbamate (sodium salt), 

methylamine hydrochloride and carbon disulphide was studied by 

incorporating these in the reaction mixtures. The bottles were 

incubated at 55°C - unless otherwise stated, and at various time 

intervals, samples were removed. These were diluted with metha­

nol (7 + 3) and mixed with equal volumes of methanol/buffer 

(7 + 3) containing 0.04% caffeine before injecting 10 u1 into 

the column. Caffeine served as an injection standard and did 

not interfere in retention time with other components of the 

degradation mixture. The eluting solvent was either phosphate 

buffer (pH 7.0)/methano1 (7 + 3) or phosphate buffer (pH 5.0)/ 

methanol (7 + 3) containing 0.1% cobalt nitrate. The former sol­

vent system could only be used for studying dazomet and its neu­

tral degradation products, while using the latter, the highly 

polar N-methy1dithiocarbamate could also be studied. The lower pH 
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was needed with cobalt nitrate solvent to prevent the precipi­

tation of transition-metal phosphates. 

Calibration graphs were prepared for dazomet. N-methy1di­

thiocarbamate and N-methy1isothiocyanate by preparing various 

concentrations of each substance in phosphate buffer. diluting 

with methanol (7 + 3); and mixing with an equal volume of buffer/ 

methanol (7 + 3) containing caffeine as an injection standard 

before injecting 10 ~1 into the column. The concentration of 

caffeine was selected to give a maximum detector response at 

a particular sensitivity for the range of concentrations to be 

studied. 

Degradation of dazomet in minimal salts media and nutrient broth 

Dazomet was dissolved in 0.5 m1 acetone and made up to 100 m1 

in a volumetric flask with either minimal salts media or nutrient 

broth. to give the required concentration. The solutions were 

transferred to 250 m1 conical flasks. plugged with cotton wool. 

and incubated in an orbital shaker at 3000r 370C. At various time 

intervals samples were removed and treated in the same way as 

descri bed above. 

Degradation of dazomet in presenoe of mioroorganisms 

Cells were grown overnight in either nutrient broth or mini­

mal salts media. centrifuged (5000 rpm for 15 min using MSE Mis­

tral 6L) and resuspended to an optical density of 0.05 (Unicam 
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SP500; 650 nm; 1 cm path) in 250 m1 conical flasks with cotton 

wool plugs. The cells were then shaken in an orbital shaker 

at 3000r 370C and grown to an optical density of 0.2, after 

whicb, 0.5 m1 dazomet solution (in acetone) was added to give 

the required final concentration. 1 m1 samples were withdrawn 

at various time intervals, membrane filtered (Mi11ipore; 0.45 ~m) 

to remove the cells, and treated in the same way as already des­

cribed. 

2.7 Analysis of Dithiocarbamates by HPLC . 

Solutions of dithiocarbamates or thiuram disu1phides (0.5g 

per litre) were prepared in methanol-water and injected into the 

column. The eluting solvents were different ratios of methanol 

and water, containing 0.1% (w/v) of metal salts (nickel sulphate, 

cobalt nitrate, copper nitrate or lead nitrate). 

2.8 Investigation of Biological Activity of Dazomet and its 
Degradation Products 

2.8.1 Minimum inhibitory concentrations (MIC) 

MIC values for bacteria and yeast were determined by inocu­

lating 5m1 of minimal salts media in a series containing graded 

concentrates of the compound to be studied with 0.06 m1 (2 'drops 

from a standardised Pasteur pipette) overnight culture of cells. 
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The tubes were incubated at 370 C and the presence or absence 

of growth noted after 24 hours. For fi1amentous fungi, the 

organisms were grown on agar slopes and 0.06 m1 spore suspen-

sion in"ocu1ated into 5 m1 nutrient inedia (for filamentous fungi) 

series containing graded concentrations of the compounds to be 

studied. The presence or absence of grO\~th was noted after 

incubating the tubes at 300 C for 48 hours. 

2.8.2 Cytotoxicity against KB cells 

The cytotoxicity of dazomet, N-methy1dithiocarbamate iso­

thiocyanate, and formaldehyde I~as tested against Human oral 

epidermoid carcinoma cells (KB cells; ATCC No CC1 17). The 

growth media and other materials needed for these experiments 

were all supplied by Flow Laboratories Ltd, Irvine, Ayrshire. 

KB cells were inoculated in tissue culture flasks containing 

10 m1 MEM medium (Minimum Essential Medium with Ear1e's Salts -

with additions of 10% newborn ca1 f serum, 2 mM glutamine, 1% non­

essential amino acids and antibiotics) and incubated at 370C 

under 5% CO2/95% air mixture to maintain the pH of the culture 

solution. After 48 hours the cells were harvested (using 0.25% 

w/v trypsin) and diluted to 5 x 104 ce11s.m1-1 with fresh medium. 

100 ~1 of the cell suspension was pi petted into each well of a 

microtitration plate (12 x 8 rows) and allowed to incubate at 370 C 

under CO2/air mixture for 48 hours, after which, the media in each 

well was removed by suction and replaced with 200 ~1 fresh media. 
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Solutions of the test compounds were prepared in 0.5 ml Dimethyl 
f 

sulhoxide (Fisons) and diluted in 9.5 ml medium to give a stock 
A 

solution of 1.25 mg.ml- l . A further dilution of 0.5 mg.ml-l was 

also prepared. The stock solutions were all sterilised by 

membrane filtration (Millipore: 0.45 ~m). 50 ~l of each of 

the stock solutions was then pi petted in duplicate into the 

first well of a series of 8 wells in each row of the microtitra-

tion plates, and a range of 8 dilutions (1 in 5) were prepared. 

The plates were incubated under CO2/air at 370C for 24 hours, 

washed in turn with distilled water and BSS (Earle's Balanced 

Salts for Suspension Cultures) and stained using Jenner-Geimsa 

stain (Paul, 1975). Live cells stained pink. The plates were 

observed under a microscope and the MIC's recorded as clear­

unstained wells. 

2.8.3 Growth inhibition studies 

Cells of B.licheniformis. were grown overnight at 370 C in 

mi ni.ma 1 salts media, centri fuged (5000 rpm for 15 mi n us i ng MSE 

~Ii.stral 6L), and resuspended in fresh media to optical density 

(OD) of 0.05 (Unicam SP500; 650 nm; 1 cm path). The cells were 

then shaken at 370C in an orbital incubator until OD of 0.2. 

Equal volumes (10 ml) of the cell suspension and minimal salts 

media conta i.ning various concentrations of the compounds to be 

studied were mixed in 150 ml conical flasks and shaken in a water 

bath at 37oC. Samples were removed at various time intervals and 
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the OD measured. The samples were returned to the appropriate 

flasks after the measurement was completed. 

To study the effect of L-cysteine on growth inhibition, the 

same procedure was used as described above, except that 1.2 m1 

of 0.05M L-cysteine was also added to the final incubation mix-

ture. 

2.8.4 Oxy~en consumption determinations using oxygen e1ec­
tro e 

The measurements were carried out using a Rank oxygen electrode 

CRank Brothers, Bottisham, Cambridge). The principle of operation 

of the electrode was first described by C1ark (1956). The cylin­

drical reaction vessel (2.8 cm long and 2.1 cm diameter) con­

sisted of an outer water jacket which was connected to a water 

bath set at required temperature, and rested on a magnetic stirrer 
. -1 runnIng at about 300 rev.mn . A small nylon covered magnetic 

flea gave continuous stirring of the contents. The electrode vessel 

was fitted with a perspex cap which fitted the vessel bore very 

closely, and could be raised or lowered by a rack and pinion 

adjustment. Any additions were made through a small hole in the 

cap. The height of the electrode was adjusted to exclude all 

air bubbles. A polarising voltage of 0.6V was applied to the elec­

trode; and the current was passed through a sensitivity control to 

a Servoscribe recorder with chart speed of 1 cm.min-1. The rate 

of utilisation of oxygen was given by the slope of the recorded 

line. 
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The electrode was standardised using distilled water satu­
~ 

rated with air (0mbreit, Burris and Staffer, 1972). For satu­
~ 

rated solutions the sensitivity control was adjusted to give a 

full scale deflection on the chart paper. The oxygen content 

of the solutions was found from standard tables (Hodgman and 

Lange, 1958). 

Cultures of B.licheniformis or S.cerevisiae were grown 

overnight on glucose or succinate substrate, and harvested by 

centrifugation (5000 rpm for 15 min using MSE Mistral 6L). 

The cells were resuspended in fresh media at optical density 

(OD) of 0.05 or 0.5 (Unicam SP500; 650 nm) for B.licheniformis 

and S.cerevisia~ respectively and shaken in an orbital incubator 

until OD of 0.25 or 0.75,respectivelY was obtained. The cells 

were centrifuged again and resuspended in substrate free media. 

2 ml of cell suspension was mixed with 3 ml substrate free media 

containing various concentrations of the compounds to be investi-

gated. The stock solutions of the compounds were freshly prepared 

in media and stored in a refrigerator until needed when they were 

diluted with media to the required concentration immediately 

before any determination. This was to minimise any errors due 

to degradation or volatility of the samples. In a routine test 

the total volume in the electrode was 4 ml. The reaction was 

started by adding 0.1 ml substrate (lM glucose or succinate) 

after a steady reading (baseline) had been obtained. Oxygen con­

sumption was usually allowed to proceed for 10-15 minutes. 
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In between determinations the flasks were occasionally 

shaken to aerate the cultures. A high endogeneous respiration 

was observed with yeast cultures. This was reduced significantly 

by bubbling air (from an air line connected to a 0.45~ milli­

pore membrane filter) through the cultures. Corrections for 

endogeneous respiration were made for all determinations. 

The effect of L-cysteine on oxygen consu~ption by the cells 

was investigated by adding 0.05 ml of 0.05M solution of L-cysteine 

(prepared in media) to the incubation mixture. 

To study the effect of pre-degraded dazomet on cells, solu­

tions of dazomet were degraded in 250 ml conical flasks accor-

ding to. the procedure described previously, and 3 ml samples 

of these solutions were treated as described above. 

2.8.5 Oxygen consumption determinations using Warburg 
apparatus 

The oxygen consumption of bacterial suspensions was determined 

by using the general methods outlined by Umbreit, Burris and 

Stauffer (1972). 

The main compartment of each flask contained 1 ml cell sus­

penSion in substrate free media at optical density of 0.3. 

(Cells were grown according to procedure described in Section 

2.8.4) and 1.5 ml of various concentrations of the compounds to 

be investigated, except in controls where 1.5 ml of minimal salts 
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media alone was used. The side arm contained 0.5 m1 substrate 

(O.2M). while the centre well contained 0.2 m1 of 20% w/v KOH 

solution and fluted filter paper. The flasks were allowed to 

equilibrate oscillating in the Warburg bath for about 10 minutes, 

after which all the taps were closed, and the contents of the 

side arms were immediately tipped into the main compartment. 

The determinations were performed at 370 C with a shaking 

rate of 100 oscillations per minute. Readings were taken at 

15 minute time intervals for 90 minutes. 
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3. RES U L T S 
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3.1 Degradation Studies on Dazomet 

3.1.1 Stability of dazomet in distilled water 

A freshly prepared solution of dazomet in distilled water 

shows two absorbance peaks at 250 and 277 nm (Figure 3.1). 

The lower wavelength peak is much less in intensity than that 

at the higher wavelength. The nature of the spectra is similar 

to the spectra of sodium N-methy1dithiocarbamate (Na-MDC) in 

distilled water (Figure 3.2). However a corresponding solution 

of dazomet in carbon tetrachloride shows only a single peak at 

290 nm, and this wavelength peak is of much higher intensity 

than in distilled water. Figures 3.3-3.7 show that when dazo­

met is incubated in distilled water at various temperatures, 

the 277 nm peak shifts to 280 nm. The 250 nm peak does not 

change in wavelength but increases slightly in intensity, 

though it is still lower in intensity than the 280 nm peak. 

The observed effect at 250 nm was more pronounced at higher 

temperatures. With further incubation at various temperatures, 

both peaks decreased in intensity. The relative decrease in 

peak heights was greater with increasing temperatures. With 

increasing incubation times, the characteristic spectra almost 

disappeared and an additional peak appeared at 228 nm. 
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3.1.2 Analysis· of degradation products using TLC 

TLC of degraded dazomet and some standards was investigated 

using two separation procedures. Typical chromatograms using 

calcium oxalate and plain silica plates are shown in plates 3.1 

and 3.2,respective1y. The Rf values for components of degraded 

dazomet and standards is given in Table 3.1. Separation of 

degraded dazomet (in pH 7 phosphate buffer at 550 C for 4 hours) 

using calcium oxalate plates (P1ate3~1)showed four spots and 

comparing their Rf values with corresponding standards (Table 

3.1), methylamine and N,N'-dimethy1thiourea (DMTU) can be 

clearly identified. Pure samples of both dazomet and Na-MDC 

degrade on the plate. Methylamine can be identified in the 

spots arising from the sample of Na-NDC. Another spot separa­

ted from Na-MDC can also be observed in degraded samples of 

dazomet and has a similar Rf value to both N-methy1isothiocya­

nate (MIT) and N,N'-dimethy1thiuram disulphide (DMTD). One spot 

separated from a pure sample of dazomet has similar Rf value to 

a spot observed in the degraded sample of dazomet. 

Separation of degraded dazomet using plain silica plates 

showed two spots (Plate 3.2).The Rf values for these spots are 

similar to those of corresponding samples of dazomet and Na-MDC 

standards (Table 3.1). However, Na-MDC, MIT and methylamine all 

have very similar Rf values. 
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TABLE 3.1 

Analysis of the degradation components of dazomet using TLC 
and Paper chromatography 

~ 
Calcium Plain Paper 
oxalate s i1 i ca chroma-

Standards plate (1) plate (2) tog ra phy (3 ) 

Methylamine 0.28 0.76 -hydrochloride 

DMTU' 0.69 + -

DMTD 0.88 - -
MIT 0.89 0.81 -

Na-MDC 0.29,0.90* 0.79 -

Dazomet 0.47,0.79* 0.69 0.91 

Degraded 0.29,0.69, 0.68,0.79 0.91 dazomet (4) 0.80,0.91 

Degraded - 0.76 -dazomet (5) 

1. 

2. 

3. 

4. 

5. 

using butanol/ethanol/ammonia (80:20:20) as developing solvent 

using methanol/chloroform (95:5) as developing solvent 

* 

+ 

using 1igroine/methano1/\~ater (2:1:1) as developing solvent 

degraded in pH 7 phosphate buffer at 550 C for 4 hours 

solution in distilled water stored for 4 months at 450C 
not studied 

sample unstable and seen to degrade 

not sepa ra ted 
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3.1.3 Degradation study of dazomet by co1orimetric 
procedure using paper chromatography 

Figure 3.8 shows a calibration graph for the determination 

of dazomet by the co1orimetric procedure using paper chromato­

graphy. The graph of OD at 504 nm versus concentration shows 

a linear relationship up to 15 ~g. At high concentrations 

saturation is observed. 

The amount of dazomet present in solutions of distilled 

water at 550 C was determined by using the linear portion of 

the calibration curve (Figure 3.9). The samples which were 

removed at various time intervals, were treated in the same 

way as the standards. The Rf values of the resulting spots 

after chromatographic separation were the same for both (Table 

3.1). Figure 3.9 shows that the degradation of dazomet is rapid 

falling to approximately ~% of the initial concentration within 

30 minutes of incubation. 

3.1.4 Determination of formaldehyde release 

Formaldehyde was determined using Nash's reagent. A calibra­

tion graph of formaldehyde concentrations up to 4 ~g.m1-1 shows a 

straight line passing through the origin with a slope of 0.222 OD 

units/~g.m1-1 (Figure 3.10). The correlation coefficient and 

standard deviation of 0.9998 and 0.010 ~g.m1-1, respectively 

indicates a very good linear response. 
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The amount of formaldehyde released from a 0.133 mM 

solution of dazomet which was previously predegraded by incubating 

at 550 C for l~ hours is shown in Figure 3.11. The figure shows 

an increase in OD at 415 nm due to reaction of Nash's reagent 

with formaldehyde in the solution. The trace obtained on an 

automatic chart recorder, shows that the development of colour 

was rapid, reaching an OD of 1.865 after 40 minutes, after which, 

very little change or slight increase in OD was observed. An 

equivalent concentration of a standard solution of formaldehyde 

was treated similarly and is also shown in Figure 3.11. Again 

the reaction with Nash's reagent was rapid but the maximum OD 

after 40 minutes was only 1.09; which is nearly half the value 

compared to the corresponding solution of predegraded dazomet. 

The slightly lower OD reading obtained for the predegraded 

sample of dazomet could be due to some undegraded dazomet still 

remaining in solution. An attempt was made to extract the 

undegraded dazomet with various organic solvents before incuba­

ting the test solution with Nash's reagent. However, the results 

obtained were very erratic. This may be due to either the inter­

action of the solvent with the reagent or due to the solubility 

of formaldehyde in these solvents, or due to a combination of 

both these effects. 

The release of formaldehyde from solutions of dazomet was 

also investigated using a spot test technique. When a drop of 

standard formaldehyde solution was tested on a reagent impreg-
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nated filter paper, red colour developed within 5 seconds. 

Similar investigations of a fresh solution of dazomet also 

showed positive results for the presence of formaldehyde. 

3.1.5 Determination of methylamine release 

t·1ethylamine was determined by fluorimetry using fluores­

camine reagent. A calibration graph of methylamine concentra­

tion up to 5 ~g.ml-l shows a straight line passing through the 

origin with a slope of 191.7 scale units/~g.ml-l. The correlation 

coefficient and standard deviation of 0.9998 and 4.7 x 10-3~g.ml-l, 

respectively indicates a very good linear response (Figure 3.12). 

The amount of methylamine produced when dazomet was degra­

ded in phosphate buffers at pH 5.0, 6.0, 7.0 and 7.5 is shown 

in Figures 3.18-3.21, respectively. The determinations were 

. made on aliquots of samples removed for HPLC analysis of other 

components of degradation mixture (3.1.6). The figures show 

that the maximum amount of methylamine released after 5 hours 

incubation was nearly the same (approximately 6 mM) at pH 6, 7 

and 7.5 (Figures 3.19-3.21). However, at pH 5 (Figure 3.l8) the 

maximum amount detected was slightly higher (6.7 mM). In each 

case the profiles for the formation of methylamine were very 

similar to the corresponding decay curves for dazomet. 
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3.1.6 Determination of dazomet and its degradation 
products by HP[C 

Figure 3.13 shows a typical HPLC chromatogram using a 

reversed-phase octadecylsilyl silica column. Using methanol + 

phosphate buffer as eluting solvent, dazomet, caffeine (inter­

nal standard) and MIT were eluted in that order. One peak due 

to MDC was not retained and was eluted with the solvent front. 

The capacity factors for these components of degradation are 

shown in Table 3.2. Attempts were made to retain the t1DC peak 

to obtain a better chromatographic separation and also to 

positively identify it. However, water alone as eluting sol­

vent had no effect. A decrease in pH to suppress ionisation, 

also had no effect, but instead appeared to result in the loss 

of the peak. When ion-pair reagents such as tetrabutylammonium 

hydroxide and cetrimide were added to the eluent, again complete 

loss of the peak occurred .. 

A novel technique of adding transition metal ions such as 

cobalt (11) or nickel (11) in the eluting solvent, retained the 

MDC peak depending on solvent composition (Table 3.3). In each 

case the retention time of MDC was reduced by increasing the metha­

nol content of the solvent. Cobalt (11) was selected for the 

study of degradation of dazomet because of its shorter retention 

time. Since the degradation studies were carried out in phosphate 

buffers, it was necessary to use pH 5 phosphate buffer in the 

eluting solvent in order to prevent precipitation of cobalt 

phosphate. 
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All components of the degraded solutions of dazomet 

were separated satisfactorily using the metal pairing technique. 

Thus, dazomet, MIT, OMTO and MOC were eluted in that order. 

The presence of cobalt (11) ions had no effect on the order 

of elution of the unpaired components (Table 3.2). The reten­

tion times were also not affected by varying the concentration 

of cobalt (11) nitrate. The capacity factors of the various 

components of degradation and the corresponding standards are 

shown in Table 3.2. It was found that pure samples of mHO 

standards were unstable and decomposed readily to form MOC. 

Calibration graphs were prepared for the determination of 

dazomet, MOC and MIT by HPLC (Figures 3.15-3.17). All give 

straight lines with correlation coefficient of the order 0.999, 

indicating a very good linear response of the detection system. 

The correlation coefficients, slopes and standard deviations 

are shown on the individual graphs. The lines all pass through 

the origin except for MOC (Figure 3.16) which shows a negative 

intercept, suggesting a small but a constant amount of decomposi­

tion. 
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TABLE 3.2 ' 

Analysis of dazomet and its degradation products by HPLC­
expressed as capacity factors (K') 

Eluting 
Methanol-bufferl Methano l-buffer solvent 

+ cobalt (11)2 Component 
of 
degradation 

Dazomet 1.07 1.38 

Caffeine (internal 1. 71 2.19 standard) 

MIT 2.60 3.13 

DMTD+ (-) 3.19 

NDC 0 18.88 

1. ~Iethanol-phosphate buffer (pH 6.0)(30 + 70) 

2. Methanol-phosphate buffer (pH 5.0) (30 + 70) containing 
0.1% cobalt nitrate 

+ Readily decomposes to form additional peak corresponding 
to MDC 

(-) Not identified 



79 

3.1.7 Determination of dithiocarbamates and thiuram 
dlSulphldes by appl1catl0n of transltlon-metal 
pairlng technique 

The technique developed in the previous section (3.1.6) 

for the analysis of dazomet and its degradation products in 

presence of cobalt (11) as a pairing reagent, was extended 

to the analysis of various dithiocarbamates and thiuram disul­

phides. 

After initial trials using separately prepared complexes, 

a range of solvents containing different proportions of metha-

nol and 0.1% solutions of nickel (11) sulphate or cobalt (11) 

nitrate were examined. A series of sodium or ammonium salts 

of dithiocarbamates and related thiuram disulphide were 

individually injected and their capacity factors were deter-

mined (Table 3.3). These complexes were readily detected at 

254 nm, with no background interference from the metal salts 

in the solvent. The peak efficiencies of the complexes were 

comparable to those of uncomplexed elutes. 

A number of important fungicides based on ethylenebisdithio-
2-

carbami.c acid (CH2NH CS2)2 including zim!b, maneb and mancozeb 

could not be chromatographed using cobalt as reagent. Attempts 

using silver (1) nitrate also did not show any peaks. Other metal 

ions such as iron (111), mercury (11) and lead were also found 

to show no peaks. Results obtained using copper (11) as reagent, 

were erratic and reproducible peaks could not be obtained. 



TABLE 3.3 

Detennination of dithioearbamates and thiuram disu1 hides by the a 1ieation of transition-metal airing 
tee n1 ue ex resse as ca ae1 y ae ors 

1. 

* 

El uti ng solvent 

Dithioearbamate (Na salt) -

N-methy1 

N-ethy1 

N,N-dimethy1 

N,N-diethy1 

Thiuram disulphide -

N,N'-tetramethyl (thiuram) 

N,N'-tetraethy1 (disulfiram) 

0.05M phosphate buffer adjusted to pH 5 
peak not observed 

0.57 

1.28 

1.57 

8.28 

0.85 

3.71 

methanol-water methanol-
buffer 1 

(70 + 30) (60 + 40) (30 + 70) 
i- + + 

Ni (11 ) Co (11) Co (11) 

1.25 0.71 11.8 

3.37 2.71 

4.12 3.85 

32.1 * 

1.25 1.57 

11.8 12.7 

00 
C> 
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Preliminary studies showed that when a mixture of dithio-

carbamates or thiuram disulphide was injected onto the column, 

several peaks resul ted due to formation of mi xed complexes and 

alkyl interchanges. This effect was investigated further and 

reported (see Appendix 6.5). 

3.1.8 Degradation of dazomet in phosphate buffers 

Degradation of dazomet in phosphate buffers at pH 5, 6, 7 

and 7.5 is shown in Figures 3.18-3.21, respectively. The figures 
H 

show that the decomposition is rapid falling to approximately p.6% 

of the initial concentration within 30 minutes of incubation. 

The degradation rate is then slower up to 90 minutes, followed 

by very little change up to 300 minutes. The differences in degra-

dation profiles at various pH are minimal. However, kinetic analy-

sis of the degradation data does show some differences. The rate 

constants and the rates of reaction were evaluated for dazomet and 

its main degradation products, based on a kinetic model and this 

has been treated separately in Chapter 4. The effect of pH 

was slightly more apparent on the production of MDC. Under all 

pH conditi ons, the amount of MDC produc ed was maxi mum after 60 

minutes incubation and decreased thereafter. At pH 5 (Figure 3.18) 

the maximum concentration of MDC produced was 4.4 mM; 

while at pH 6 (Figure 3.19) and pH 7 (Figure 3.20), slightly 

higher concentrations (4.7 and 5.0 mM respectively) were formed. 

However, at pH 7.5 (Figure 3.21) the amount formed was much lower 

(3.6 mM). 
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With the other degradation product MIT, the rate of formation 

and the maximum amounts (approximately 0.5 mM) produced were 

nearly the same under all pH conditions. However, the maximum 

amount of MIT formed (after 5 hours incubation) was almost twice 

as much compared to degradation under nitrogen rich environments 

and nearly half the amount produced under oxygen rich environ­

ments (Table 3.4). 

All samples of dazomet (except under nitrogen rich environ­

ments) formed yellowish precipitate after about 4 hours incubation 

in phosphate buffers at 550 C.· A test of the samples on filter 

paper saturated with lead acetate solution revealed absence of 

hydrogen sulphide. There was no detectable odour either. A UV 

spectra of the dissolved precipitate in chloroform was identical 

to spectra of elemental sulphur (Figure 3.22). Yellow crystalline 

needles of elemental sulphur could be recrystallised from the 

dissolved precipitate and melted at 111~1120C (literature value 

1120C; Hodgman and Lange, 1958). The precipitate was also detec­

ted in solutions of dazomet exposed to air in distilled water at 

room temperature. The pH of the solutions also changed with longer 

period of exposure; such that it was 6.0 on mixing, 7.2 after 

24 hours and 7.8 after 80 hours. When air was passed through the 

solution, the pH rose much faster reaching 8.2 in 48 hours. 

The influence of some products arising from the degradation 

of dazomet on the formation of MDC was also studied. In the 

presence of met~ylamine (Figure 4.5) the smallest amount of MDC 
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TABLE 3.4 

Influence of oxygen and nitrogen rich environments on the forma­
tlon of MIT* 

~ Condition 5 6 7 7.5 

Norma 1 0.53 0.56 0.50 0.49 

Oxygen 1.00 1.12 1.12 1.24 

Nitrogen 0.25 0.19 0.25 0.28 

+ dazomet degraded in phosphate buffers at 550 C and under 

oxygen and nitrogen rich environments 

* MIT formed after 5 hours incubation (mf1) 
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(maximum 3 mM) was detected, while in the presence of carbon 

disulphide (Figure 4.6) nearly 4 mMwas detected. However, in 

the presence of MlT (Figure 4.4), the maximum amount formed was 

as much as 5.7 mM. When dazomet was incubated in the presence 

of Na-MDC (Figure 4.3), the production of MDC was not inhibited 

and a maximum of nearly 4 mM was formed. The influence of these 

products on the kinetics of degradation are considered separately 

in Chapter 4. 

3.1.9. Degradation of dazomet in minimal salts media and 
nutrient broth 

Figures 3.23-3.38 show the degradation profiles for dazomet 

at different concentrations and under incubation conditions requi­

red for growing bacteria (B.licheniformis and P; aeruginosa NCTC 

6749) and yeast (S.cerevisiae). The figures show that under these 

conditions, the degradation profile of dazomet follows a charac-

teristic exponential form and in each case either reaches zero 

concentration or tends towards it. The differences between the 

various curves are minimal, however kinetic analysis of the data 

does show some difference. The rate constants and half lives of 

dazomet were evaluated under these conditions and are treated 

separately in Chapter 4. 

Figure 3.23 shows the degradation profile of dazomet in mini­

mal salts media at 500 ~g.ml-l (3.086 mM) and at 37·C (control). 

The amount of MDC detected increased with time, reaching a maximum 
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of 1.5 mM after 150 minutes and decreases thereafter to 1 mM 

after 300 minutes incubation. The formation of MIT was not 

detected for 30 minutes, after which it increased in concentra­

tion, reaching a maximum value of 0.5 mM. In the presence of 

B.licheniformis under the same condition (Figure 3.24), the 

maximum amount of MDC was formed after 150 minutes incubation, 

but the amount was slightly less (0.9 mM) compared to the control 

(Figure 3.23). MIT was detected after 30 minutes incubation,but 

the maximum amount formed was slightly more (0.8 mM). However, 

in the presence of P . aerugi nosa NCTC 6749 (Fi gure 3.25). the 

amounts of both MDC and MIT produced with time were very similar 

to the control (Figure 3.23). 

Figure 3.26 shows the control for the degradation of dazomet 

in minimal salts media at 100 ~g.m1-1 (0.617 mM) and 37oC. The 

amount of MDC detected was maximum (0.39 mM) after 60 minutes 

incubation and decreased slightly thereafter with time reaching 

a value of 0.29 mM after 300 minutes. MIT was detected after 15 

minutes incubation, and the maximum amount produced was propor­

tionally higher than under similar conditions at 500 ~g.ml-l 

(3.086 mM) dazomet (Figure 3.23), reaching a maximum value of 

0.25 mM. In the presence of B.licheniformis (Figure 3.27) and 

p .. aeruginosa NCTC 6749 (Figure 3.28), the maximum amount of MDC 

detected was much lower (only .1mM). Similar amounts of MIT 

(0.1 mM) were also detected in the presence of B.licheniformis 

(Figure 3.27), but the maximum amount produced (0.25 mM) in the 

. presence of P. aeruginosa NCTC 6749 (Figure 3.28) was the same 

as the control (Figure 3.26). 
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Figure 3.29 shows the control for the degradation of dazomet 

at 50 llg.ml- 1 (0.309 mM) and 370 C. Maximum amount of MDC 

(0.11 mM) was detected after 90 minutes incubation, and decreased 

thereafter reaching 0.4 mM after 300 minutes. MIT was detected 

after 45 minutes incubation and reached a maximum value of 

0.1 mM. In the presence of B.licheniformis under similar con­

ditions (Figure 3.30), the production of both MDC and MIT was 

very similar as the control (Figure 3.29). 

Degradation of dazomet was also studied in minimal salts 

media at 300 C. Figure 3.31 shows the control at 500 llg.ml-1 

(3.086 mM). The amount of MDC detected with time was greater, 

reaching a maximum value of 0.6 mH after 6 hours incubation, and 

changed very 1 ittle thereafter, reaching a maximum concentrati on 

of 0.5 mM after 12 hours. MIT was not detected .untilafter 4 

hours and increased very slowly with time reaching a maximum 

value of 0.25 mM after 12 hours. In the presence of S.cerevisiae 

under the same conditi ons (Fi gure 3.32), the maxi mum amount of MDC 

and MIT detected was lower (0.2 mM for each). 

Figure 3.33 shows the degradation of dazomet in minimal salts 

media at 100 llg.ml~(0.617 mM) and 300 C (control). Maximum amount 

(0.09 mM) of MDC was detected after 6 hours incubation, the amount 

decreased rapidly thereafter to 0.02 mM after 12 hours. MIT was 

detected after 3 hours and reached a maximum value (0.09 mM) after 

6 hours incubation, changing very little thereafter. In the pre­

sence of S.cerevisiae under the same conditions (Figure 3.34), the 
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production of both MDC and MIT was very similar to the control 

(Figure 3.33). 

Degradation of dazomet in nutrient broth at 500 Jlg.ml-
1 

(3.086 mM) and 300 C is shown in Figure 3 .35 (control). MDC was 

not detected for the whole of the incubation period. However, MIT 

was detected after 1 hour incubation, rising to 0.7 mH after 6 

hours and changing very 1 ittle thereafter. In the presence of 

S.cerevisiae under the same conditions (Figure 3.36), the forma­

tion of MIT was very similar to the control (Figure 3.35). 

Figure 3.37 shows the degradation of dazomet in nutrient 
_1 0 

broth at 100 Jlg.ml (0.617 mM) and 30 C ~ontrol). Again, no MDC 

was detected. MIT was detected after 1 hour, reaching a maximum 

value of 0.19 mM after 5 hours incubation, and changing very little 

thereafter. In the presence of S.cerevisiae under the same 

conditions (Figure 3.38), the formation of MIT was very similar 

to that by the control (Figure 3.37). 
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3.2 Investigation of the Biological Activity of Dazomet and 
1ts Degradat10n Products 

3.2.1 Minimum inhibitory concentrations (MIC's) 

Table 3.5 shows the MIC values of dazomet, Na-MDC, formalde­

hyde and MIT obtained against both Gram-positive and Gram-negative 

bacteria and against fungi. The values for dazomet range from 

2-5 ~g.m1-1 against S.aureus to 40-60 ~g.m1-1 against E.co1i. 

For Na-MDC the values range from 5-10 to 40-60 ~g.m1-1, respec-

tive1y against these organisms. The Gram-positive organisms 

and the fungi were generally more sensitive to both dazomet 

and Na-MDC, than the Gram-negative bacteria. The Gram-negative 

bacteria and fungi were more sensitive to MIT compared with the 

Gram-positive bacteria. For formaldehyde, the overall toxicity 

against Gram-positive and Gram-negative organisms is similar, 

but all the fungi were found to be more resistant. Growth was 

observed up to 90 ~g.m1-1 formaldehyde. 

With all MIC determinations using dazomet and Na-MDC, it was 

observed that the tubes showed turbidity at concentration ranges, 

both above and below the MIC values. This effect is shown in a 

typical example using E.co1i against dazomet (Plate 3.3) and 

Na-MDC (Plate 3.4). Microscopic examination revealed precipita-

tion in the tubes containing concentrations of the compounds above 

the MIC values, whereas at concentrations below MIC values, orga­

nisms were observed. In contrast, both formaldehyde (Plate 3.5) 

and MIT (Plate 3.6) showed normal turbidity cut-off point at the MIC 

and above. 
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TABLE 3.5 

The minimum inhibitory concentrations of dazomet, Na-MDC, 
formaldehyde and MlT against bacteria and fungi 

~+ dazomet Na-t1DC forma1-
Organism . dehyde 

Gram-positive: 

B.1icheniformis 5-10 5-10 10-15 
(.031-.062) (.039-.078) (.333-.500) 

S.aureus 2~5 5-10 5-10 
( .012-.031) ( .039-.078) ( .167-.333) 

Gram-negative: 

E.coli 40-60 40-60 15-20 
(.248- .372) ( .310-.465) (.500-.667) 

P.aeruginosa 20-40 10-15 10-15 
NtTt 9433 (.124-.248) (.078-.116) ( .333-.500) 

Fungi: 

A.flavus 5-10 5-10 * 
( .031 - . 062 ) (.039-.078 ) 

A.niger 15~20 15-20 * 
(.093-.124) (.116-.155) 

P. italicum 5-10 5-10 * 
(.031-.062) (.039-.078) 

S .. cerevisiae 10-15 5-10 * 
( .062-.093) (.039-.078) 

* growth was observed up to 90 ~g.ml-1 (3.0 mM) 

+ figures in brackets are concentrations in mH 

MIT 

15-20 
(.205-.274) 

10-15 
(.137-.205) 

5-10 
( .068-.137) 

5-10 
( .068-.137) 

2-5 
( .027-.068) 

5-10 
( .068-.137) 

2-5 
( .027-.068) 

5-10 
( .068-.137) 
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The UV spectra of Na-MDC was determined in minimal salts 

media containing a full supplement of metal ions (Figure 3.69). 

The figure shows that after addition of small amounts of Na-MDC, 

a peak appears at 324 nm. The increase in intensity of the 

peak is very 1 ittle up to 0.16 mM Na-f4DC. However, with further 

increase in concentration to 0.4 mM, the height of peak increases 

by nearly four times. When the concentration is increased to 

0.8 mf4 very little change is observed and the increase in peak 

intensity is of the order of less than half. At double this 

concentration (0.16 mM), the peak height also increases by 

nearly two times. Further increase in concentration results in 

much less increase in the peak height, and at 3.97 mM however, 

a reduction is observed. 

In the presence of Mg (11) ions (0.98 mM) alone in the 

media (Figure 3.70), the peak at 324 nm changes very little or 

increases slightly up to 1.99 mM concentration of Na-MDC. At 

a little higher concentration (2.33 mM), however, the increase 

in peak intensity is of the order of nearly two times. With 

further increase in concentration of Na~MDC, to 2.78 mM, the 

intensity of the peak decreases slightly. An increase is again 

observed at 3.18 mM Na-MDC. At slightly higher concentration 

(3.57 mM) very little change is observed, but the increase is 

greater at 3.97 mM. 
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3.2.2 Cytotoxicity against Human KB cells 

The toxic concentrations of dazomet, Na-MDC, MIT and for­

maldehyde against Human.KB cells (oral epidermoid carcinoma 

ce 11 s) are shown in Table 3.6. Formaldehyde was found to be 

most toxic (0.8 - 4 Ilg.ml-1) and Na-MDC, the least toxic 

(20-40llg.ml-1). Both dazomet and MlT were marginally less 

toxic than formaldehyde (4-10 and 2-8 Ilg.mrJ, respectively). 

The effect of sub-toxic concentrations of dazomet (1.6 Ilg.ml-1) . , 
Na-MDC (8 Ilg.ml-1), formaldehyde (0.4 Ilg.ml-1) and MlT (0.8 Ilg.ml-1) 

on KB cells is shown in Plates 3.8-3.11, respectively. Dazomet, 

Na-MDC and MIT all have the effect of changing the shape of 

the cells from normal squamous (see control - Plate 3.7) to 

rounded forms, besides reducing their number. Formaldehyde, how-

ever, had a slight stimulatory effect on the cells (Plate 3.10) 

and the normal squamous shape of the cells was maintained. 
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TABLE 3.6 

Cytotoxicity of dazomet, Na-MDC, fonnaldehyde and MIT against 
Human KB ce" s 

Compound Toxic concentration 
(Ilg .ml-1) + 

Dazomet 4-10 
(.025-.062) 

Na-MDC 20-40 
(.155-.310) 

Fonnaldehyde 0.8-4 
( .027-.133) 

MIT 2-8 
(.027-.109) 

+ Figures in brackets are concentrations in mM 
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3.2.3 Effect of dazomet, Na-MDC, MlT and formaldehyde on 
oxygen consumption by B.licbeniformis and S.cere­
V1Slae 

The effect of dazomet and Na-MDC on oxygen consumption by 

B.1icheniformis using O-glucose or sodium succinate as substrate 

is shown in Figures 3.39-3.42. The determinations which were 

made using an oxygen electrode are expressed as % of the control. 

Both compounds show similar inhibitory pattern. The inhibitory 

effect on oxygen consumption is maximum (about 25% of the control) 

at the lowest concentration of the compounds studied (5 or 10 ~g.m1-1). 

However, with increasing concentration of the compound up to 

100 ~g.m1-1 (50 ~g.m1-1 for dazomet in the presence of sodium 

succinate substrate), the inhibition is decreased and the oxygen 

consumption increases to about 50% of the control. At higher con­

centrations (up to 500 ~g.m1-1) very little change or a slight 

decrease in oxygen consumption is observed. 

The inhibitory activity of dazomet and Na-MDC on oxygen 

consumption by S.cerevisiae using D-g1ucose as substrate is shown 

in Figures 3.48-3.49. Again both compounds show maximum inhibitory 

activity (about 15-20% of the control) at the lowest concentration 

studied (5 ~g.m1-1). At slightly higher concentration (10 ~g.m1-1 

for dazomet and 20 ~g.m1-1 for Na-MOC), the inhibitory activity 

decreased sharply and the oxygen consumption increased to about 

75% of the control. The decrease was more pronounced compared 

to similar observations against B.1ichenformis (Figures 3.39 and 

3.41). The effect of the compounds at higher concentrations, also 

varied compared to B.1icheniformis. With concentrations up to 
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100 ~g.m1-1, the inhibitory effect became progressively greater 

and oxygen consumption decreased to about 20% of the 'contro1 . 

Further inhibition was observed at higher concentrations up to 

500 ~g.m1-1. 

The effect of MlT againstB.1icheniformis using D-g1ucose 

and sodium succinate as substrate is shown in Figures 3.43 -

3.44. The nature of inhibitory activity in the presence of both 

substrates was very similar. Thus, at low concentrations up to 

. 20 ~g.m1-1, oxygen consumption was affected very little, or a 

slight stimulation was observed. At higher concentrations up to 

50 ~g.m1-1, the inhibitory effect was progressively larger and 

the oxygen consumption decreased to about 45% and 65% of the 

control in the presence of D-g1ucose and sodium succinate, 

respectively. Mlr had a similar effect against S.cerevisiaeusing 

D-g1ucose as substrate (Figure 3.51). However, the stimulatory 

effect at low concentrations was more pronounced (about 140% of 

the control). At higher concentrations of MlT, the inhibitory 

effect was greater, compared with the activity against B.1icheni­

formis (Figure 3.43), and the oxygen consumption was reduced to 

about 20% of the control at 50 ~g.m1-1. The nature of inhibitory 

effect of MlT against B.1icheniformis and S.cerevisiae was similar 

to the effect of 2,4-dinitropheno1 (DNP) against B.1icheniformis 

using D-g1ucose as substrate (Figure 3.45). 

The inhibitory effect of formaldehyde at various concentrations 

was different using the two substrates. Figure 3.46 shows the 

effect of formaldehyde against B.1icheniformis using D-g1ucose. 
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The degree of inhibition increased with increasing concentrations 

of formaldehyde, and oxygen consumption was reduced to about 30% 

of the control at 70 ~g.m1-1, but changed very little at higher 

concentrations. However, a slight stimulation of oxygen con­

sumption was observed at concentrations of formaldehyde below 

50 ~g.m1-1 when sodium succinate was used as a substrate (Figure 

3.47), after an initial inhibition of oxygen consumption (about 

95% of the control) at 5 ~g.m1-1. At higher concentrations, the 

degree of inhibition increased and the oxygen consumption decrea­

sed to about 60% of the control at 100 ~g.m1-1. The overall 

inhibitory effect was, however, much less than where D-g1ucose 

was used as substrate (Figure 3.46). The effect of formaldehyde 

against S.cerevisiae using D-g1ucose is shown in Figure 3.50 and 

is essentially similar to that on the oxygen consumption by 

B-.1icheniformis, using the same substrate (Figure 3.46). How­

ever, the extent of inhibition ~Ias more pronounced and the oxygen 

consumption was reduced to about 10% of the control at 70 ~g.m1-1. 

Little change was observed at higher concentrations. 

The effect of L-cysteine on oxygen consumption inhibition by 

dazomet, Na-MDC, MlT and formaldehyde against B.1icheniformis is 

shown in Figures 3.54-3.58,respective1y. The figures show a typical 

oxygen electrode run under each condition. 

Figure 3.54 shows the effect of L-cysteine (0.625 mM) on the 

inhibitory activity of 0.05 mM (B.33~g.m1-1) dazomet. When dazo­

met was added to cells respiring on D-g1ucose, oxygen consumption 

decreased to about 30% of the control, but when L-cysteine was added 
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to the medium after further incubation, the degree of inhibition 

was reduced and the oxygen consumption increased to about 77% of 

the control. 

In the presence of 0.065 mM (8.33 ~g.ml-l) Na-MDC (Figure 

3.55), the inhibitory effect on oxygen consumption was much 

less (about 55% of the control) compared with the effect under 

dazomet (Figure 3.54). When L-cysteine was added to the incuba­

tion mixture, the inhibitory effect was reduced and the oxygen 

consumption increased to about 90% of the control. 

The effect of substrate on the inhibitory activity of Na-MDC 

against B.licheniformis is shown in Figure 3.56. In the absence 

of substrate, 0.129 mN (16.67 ~g.ml-l) Na-MDC had no effect on 

endogeneous respiration. The addition of D-glucose after a 

few minutes incubation had no effect on oxygen consumption also. 

When L-cysteine was added after further incubation, the inhibitory 

effect was reduced and the oxygen consumption increased from 27% 

to about 60% of the control. A similar effect was not observed 

with dazomet. 

The effect of L-cysteine on the inhibitory activity of MIT is 

shown in Figure 3.57. At 1.82 mM MIT, the oxygen consumption 

decreased to about 30% of the control. When L-cysteine was added 

after a few minutes incubation, the inhibitory activity was redu­

ced and the oxygen consumption increased to about 45% of the 

contro 1. 
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In the presence of 5.55 mM formaldehyde (Figure 3.58), the 

effect of L-cysteine was minimal, resulting in only a slight 

increase in oxygen consumption from about 42% to about 46% of 

the control. 

Oxygen consumption was also studied using Warburg appara­

tus. The effect of Na-MDC and dazomet on oxygen consumption 

by B.licheniformis using D-glucose is shown in Figures 3.52 and 

3.53,respectively. The compounds were inhibitory on substrate 

oxidation at all concentrations studied, but had no effect on 

endogeneous respi~ation. The lowest concentration (10 ~g.ml-l) 

of the compounds had the maximum effect initially, and inhibited 

substrate oxidation almost completely. However, after longer 

incubation periods (60 and 90 minutes for dazomet and Na-MDC, 

respectively), the inhibitory activity was reduced slightly and 

an increase in oxygen consumption was observed. At higher con­

centrations of 50, 100 and 500 ~g.ml-l, both compounds showed 

increased oxygen consumption in that order. However Na-MDC 

CFi gure 3.52) showed more i nhi bitory effect i nitia lly compared 

with dazomet (Figure 3.53), but its activity was reduced with 

longer incubation periods. 
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3.2.4 Effect of redegraded dazomet on oxy en consum tion 
y_. c 10 

The effect of 50 and 100 ~g.ml-l solutions of predegraded 

dazomet on oxygen consumption by B.licheniformis is shown in 

Figures 3.59 and 3.60,respectively. The solutions which were 

preincubated in minimal salts media at 370C before being assayed 

for activity against B.licheniformis, showed varying toxicity 

according to the age of the solutions. Hence, fresh solutions 

of dazomet in minimal salts media at 50 ~g.ml-l (Figure 3.59) 

inhibited oxygen consumption to about 42% of the control. After 

15minutes preincubation at 370 C, the solution showed increased 

inhibitory activity and the oxygen consumption decreased to 

about 23% of the control. Further sampling of the solution 

up to 120 minutes showed very little change; However after 180 

minutes, the inhibitory activity of the solution was reduced and 

the oxygen consumption increased to about 33% of the control, with 

a further increase to about 50% after 240 minutes. Very little 

change was observed with further incubation. 

The observed inhibitory activity of dazomet after various 

preincubation times was expected to be related to the amount of 

dazomet still remaining in the solution. The degradation of 

dazomet in minimal salts media at 370 C was studied in Section 

3.1.9. From Figure 3.29, the amount of dazomet in the solution 

could be determined at any given time. The final concentrations 

(corrected after incubating with bacterial suspensions) are shown 

in Table 3.7. The inhibitory effect of dazomet at these concen­

trations was determined from Figure 3.40, which shows the effect 
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of various concentrations of freshly prepared dazomet on oxygen 

consumption by B.licheniformis. The corresponding values of 

oxygen consumption (% of the control) at the determined concen­

trations of dazomet are also shown in Table 3.7. These points 

(theoretical values) are plotted in Figure 3.59 for comparison 

with experimental points. The overall pattern of the two inhi­

bitory curves is very similar, with the largest differences bet­

ween the two curves observed after 180 minutes. For the theore­

tical curve the expected inhibitory activity increases from an 

initial value of about 42% to about 25% of the control after 

60 minutes. Very little change in oxygen consumption is obser­

ved with further incubation up to 120 minutes, after which the 

inhibitory activity decreases and the oxygen consumption increa­

ses to about 82% of the control after 240 minutes and remains 

the same at 300 minutes. 

The inhibitory activity of a 100 ~g.ml-l solution of dazomet 

in minimal salts media was also studied (Figure 3.60). A fresh 

solution of dazomet inhibited oxygen consumption by about 57% 

of the control. With increasing incubation time, the inhibitory 

activity of the solutions increased and the oxygen consumption 

decreased to about 43% of the control after 120 minutes. Further 

sampling of the solution showed very little change up to 300 

minutes. The amount of dazomet remaining in solution at any given 

preincubation time was determined from Figure 3.26. The correspon­

ding values of oxygen consumption (% of the control) were determined 

from Figure 3.40. The individual values of these points (theore-
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TABLE 3.7 

Estimation of the OXY en consumption inhibition due to dazomet 
a one 1n pre egra e so U 10ns aga1ns ti.11cnen1torm1S 

Initial 50 100 
concn.1 (.31 ) (.62) 
("Cl .m1- 11+ 

Time Final % Fina1 2 % 
(mi ns) concn. 2 Inhibition3 concn. Inhi bition3 

("g.m1-1 )+ (jJg.m1-1 )+ 

0 30.0 42 60.0 56 
( . 19) ( .37) 

15 21 40 48.0 49 
(.13 ) (.30) 

30 15.6 34 41.0 48 
C. 1 0) (.25) 

45 13.0 30 35.0 47 
(.08 ) (.22 ) 

60 10.0 25 30.0 44 
(.06 ) ( .19) 

90 8.6 24 23.0 42 
(.05 ) ( .14) 

120 5.0 22 17.0 37 
(.03 ) ( .11) 

180 2.4 63 10.0 27 
(.02 ) (.06 ) 

240 1.2 82 7.0 25 
(.01 ) (.04 ) 

300 1.2 82 5.0 22 
( .01) (.03 ) 

1. Initial concentration of dazomet in minimal salts media 

2. Final concentration of predegraded samples of dazomet after 
dilution with bacterial suspension 

3. Mean value (% of control) obtained for corresponding concentra­
tions of dazomet from Figure 3.40 

+ Figures in brackets are concentrations in mM 
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tica1 values) are shown in Table 3.7. These points are also 

plotted in Figure 3.60 for comparison with the experimental 

points. The shapes of both curves are very similar with the 

largest differences observed after 180 minutes. The theore-

tica1 curve also shows an initial oxygen consumption inhibition 

of about 57% of the control. With larger preincubation times, 

the expected toxicity of the solution increases and the oxygen 

consumption decreases to about 38% of control after 120 minutes, 

with further decrease to about 30% of the control after 180 

minutes. Very little change is observed with further incubation. 

3.2.5 Assessment of the activity of dazomet, Na-MDC, 
·MIT and formaldehyde against B.licheniformis by 
spectrophotometric measurement of growth 

The effect of various concentrations of dazomet against 

B.1icheniformis is shown in Figure 3.61. At 5 and 10 ~g.m1-1, 

complete inhibition of growth was observed. At higher concentra­

tions of the compound (50, 100, 250 and 500 ~g.m1-1), the curves 

were very similar in shape, with no change or only a slight increase 

in OD up to about 45 minutes. After further incubation period, the 

OD increased up to about 120 minutes and, in each case, decreased 

with time thereafter. The maximum OD reached was at 500 ~g.m1-1 

and decreased in the order of decreasing concentrations. The appa-

rent increase in turbidity of the suspensions at higher concentra-

tions was similar to the effect observed with tHC tubes (Plate 3.3). 
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Microscopic examination revealed the presence of precipitate 

in tubes at concentrations above the mc values. 

The effect of various concentrations of Na-MDC is shown 

in Figure 3.62. At both 5 and 10~g.m1-1, maximum inhibition 

of growth was observed up to 210 minutes, after which a slight 

increase was observed at 5 ~g.m1-1. At higher concentrations 

(50, 100, 250 and 500 ~g .m1-1) of Na-MDC the nature of the 

curves were very similar to those in the presence of dazomet 

(Figure 3.61). Following the initial period of little change, 

an increase in OD was observed reaching a maximum value after 

about 60 minutes. With further incubation however, a decrease 

was observed. The only exception was incubation mixtures contai­

ning 500 ~g.mrl /la-MDC in which a decrease in OD was observed 

after 180 minutes. As in the case of dazomet (Figure 3.61), 

maximum OD was observed at: the highest concentration and decrea­

sed in the order of decreasing concentration of Na-MDC. However, 

the apparent increase in the turbidity of the suspensions at 

higher concentrations, was more pronounced than in the presence 

of dazomet. This effect was also observed in the MIC tubes 

(Plate 3.4) at concentrations above 14IC values. Microscopic 

examination of the tubes revealed the presence of precipitate. 

The activity of MIT and formaldehyde at various concentrations 

against B.1icheniformis is shown in Figures 3.63 and 3.64, res­

pectively. The log of OD versus time plots at various concentra­

tions were approximately linear for both, with the maximum inhi-
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bitory effect observed at the highest concentration studied. 

Formaldehyde caused complete inhibition and also a decrease in 

cell growth at concentrations of 20 I1g.m1-1 and above. HIT was 

less toxic and did not inhibit cell growth completely, even at 

50 I1g.m1-1. 

The activity of dazomet, Na-I·1OC and MIT at concentrations 

causing maximum inhibition of growth, was in each case reduced 

in the presence of 0.625 mM L-cysteine (Figures 3.65-3.67, 

respective1yj.However, the effect of L-cysteine on the inhi­

bitory activity of formaldehyde was minimal (Figure 3.68). The 

log of OD versus time plots for each of the compounds at con­

centrations which caused maximum inhibition, and in the .presence 

of L-cysteine at these concentrations, are approximately linear. 



FIGURE 3.1 

UV Spectra of dazomet 

Curve 1: in carbon tetrachloride 

Curve 2: fresh solution in distilled water 

FIGURE 3.2 

UV spectra of Na-t~DC in distilled water 
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FIGURE 3.3 

UV spectra of dazomet in distilled water at 25°C 

Curve 1: fresh solution 

Curves 2~6: after 1,2,3,4 and 5 days incubation, 
respectively 

FIGURE 3.4 

UV spectra of dazomet in distilled water at 37°C 

Curve 1: fresh solution 

Curves 2-6: after 1, 2, 3, 4 and 5 days, respectively 
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FIGURE 3.5 

UV spectra of dazomet in distilled water at 450 C 

Curve 1: fresh solution 

Curves 2-5: after 1, 2, 3, 4 and 5 days incubation, 
respectively 

FIGUR£ 3.6 

UV spectra of dazomet in distilled water at 550C 

Curve 1: fresh solution 

Curves 2-5: after 1,2,3,4 and 5 days incubation, 
respectively 



106 

].0 
1 

0.8 
Q) 
u 
c:: 

'" ..Cl 0.6 S-
o 
V> 

..Cl 
<C 

0.4 

0.2 

225 250 275 300 

Wavelength (nm~ 

],0 

0.8 

Q) 
u 0.6 c:: 

'" ..Cl 
S-
o 
V> 

..Cl 
<C 0.4 

0.2 

225 250 300 
Wavelength (nm) 





FIGURE 3.7 

UV spectra of dazomet in distilled water at 70°C 

Curve 1: fresh solution 

Curves 2-8: after 0.5, 1. 2. 3, 4, 5 and 7 hours 
incubation. respectively 
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FIGURE 3.8 

Cal ;'bration graph for the determination of dazomet by 
colorimetric procedure using paper chromatography 

FIGURE 3.9 

Degradation study of dazomet in distilled water at 550C 
by colorimetric procedure using paper chromatography 
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FIGURE 3.10 

Calibration graph for the determination of formaldehyde 
using Nash's reagent 

Slope = 0.222 OD units/~g.ml-l 

Correlation coefficient = 0.9998 

Standard deviation = 0.010 ~g.ml-l 



109 

U"> 

'" ~ 

~ 

I 
~ 

E 

0> 
;:l. 
~ 

'" -0 
~ :>, 

.J:: 

'" -0 
~ 

'" E 
S-
o 

'+-

'+-
0 

1.0 <: ..... 0 
0 .~ ..., 

'" S-..., 
<: 

'" u 
<: 
0 u 

0 
U"> 
0 





FIGURE 3.11 

Determination of formaldehyde in predegraded sample of 
dazomet using Nash's reagent 

Curve A: 

Curve B: 

standard formaldehyde solution 
(4 )Jg.m1-1 ; 0.133 ml,') 

0.133 mM solution of dazomet in distilled water 
predegraded at 550 C for 1i hours 

Incubation temperature = 550 C 

Final absorbance readings: standard formaldehyde solution 
= 1.09; 
predegraded dazomet solution 
= 1 .865 
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FIGURE 3.12 

Calibration graph for the determination of methylamine by 
fl uorimetry 

Excitation A = 396 nm 

Emission A = 480 nm 

Slope = 191.73 scale units/~g.ml-l 

Correlation coefficient = 0.9998 

Standard deviation = 0.0047 ~g.ml-l 
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FIGURE 3.13 

Determination of dazomet (1000 ~g.ml-l; 6.173 mM) and its 
degradation products by HPLC using 30 + 70 methanol - 0.05rl 
phosphate buffer (pH 6) 

Sample of dazomet degraded in phosphate buffer (pH 7.0) at 
550 C for 120 minutes 

10 ~l injection of sample solution containing caffeine 
(400 ~g.ml-l) as injection standard 

I: dazomet (1.11); Il: caffeine (1.81) Ill: MIT (2.70) 

Figures in brackets are K' values+ 

Solvent flow rate = 0.9 ml.min-1 

Attenuation = X64 

+ Capacity factor - see Appendix 6.1 for definition 
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FIGURE 3.14 

Determination of dazomet (1000 ~g.m1-1; 6.173 mM) and its 
degradation products by HPLC using 30 + 70 methanol - 0.05M 
phosphate buffer (pH 5.0) containing 0.1% cobalt (11) 
nitrate 

Sample of dazomet degraded in phosphate buffer (pH 7.0) at 
550C for 150 minutes 

10 ~1 injection of sample solution containing caffeine 
(400 ~g.m1-1) as injection standard 

Solvent flow rate = 1.5 m1 min- l 

Attenuation = X64 except III = X04 

I: dazomet (1.25); 11: caffeine (2.0); Ill: MIT (3.13); 
IV: DMTD (13.25); V: MDC (18.88) 

Figures in brackets are Kt va1ues+ 

+ Capacity factor - see Appendix 6.1 for definition 
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FIGURE 3.15 

Calibration graph for the determination of dazomet by 
HPLC using 30 + 70 methanol - 0.05M phosphate buffer 
(pH 5.0) containing 0.1% cobalt nitrate 

Slope = 0.0045 scale units/~g.ml-l 

Correlation coefficient = 0.9998 

Standard deviation = 2.696 ~g.ml-l 

+ 10 ~l injection of sample containing caffeine (800 ~g.ml-l) 
in pH 7.0 phosphate buffer 
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FIGURE 3.16 

Calibration graph for the determination of MDC by HPLC 
using 30 + 70 methanol-0.05M phosphate buffer (pH 5.0) 
containing 0.1% cobalt nitrate 

Slope = 0.0005 scale units/~g.ml-l 

Correlation coefficient = 0.9991 

Standard deviation = 14.76 ~g.ml-l 

Intercept = -0.0111 scale units 

+ 10 ~l injection of sample containing caffeine 
(800 ~g.ml-l) in pH 7.0 phosphate buffer 
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FIGURE 3.17 

Calibration graph for the determination of MIT by HPLC 
using 30 + 70 methanol-0.05M phosphate buffer (pH 5.0) 
containing 0.1% cobalt nitrate 

Slope = 0.00205 scale units/~g.ml-l 

Correlation coefficient = 0.9994 

Standard deviation = 0.535 ~g.ml-l 

+ 10 ~l injection of sample containing caffeine (200 ~g.ml-l) 
in pH 7.0 phosphate buffer 
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FIGURE 3.18 

Degradation study of dazomet by HPLC in pH 5 phosphate buffer 
at 550C using 30 + 70 methanol - 0.05M phosphate buffer 
(pH 5.0) containing 0.1% cobalt nitrate 

o dazomet 

o ~1DC 

" MIT 

<> methylamine + 

* 
+ 

'1 D* 

solid line represents theoretical profiles using the 
kinetic model 

represents all other products not quantified 

determined by fluorimetry 
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FIGURE 3.19 

Degradation study of dazomet by HPLC in pH 6 phosphate 
buffer at 550 C using 30 + 70 methanol - 0.05~1 phosphate 
buffer (pH 5.0) containing 0.1% cobalt nitrate 

o dazomet 

o MDC 

6. MIT 

<> methylamine+ 

'V D* 

-- solid line represents theoretical profiles using the 
kinetic model 

* represents all other products not quantified 

+ determined by fluorimetry 
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FIGURE 3.20 

Degradation study of dazomet by HPLC in pH 7 phosphate 
buffer at 550 C using 30 + 70 methanol - 0.05 M phosphate 
buffer (pH 5.0) containing 0.1% cobalt nitrate 

o dazomet 

o MDC 

6 MIT 

<> methyl ami ne + 

'l D* 

solid line represents theoretical profile using the 
kineti.c model 

* represents all other products not quantified 

+. determined by fluorimetry 
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FIGURE 3.21 

Degradation study of dazomet by HPLC in pH 7.5 phosphate 
buffer at 550 C using 30 + 70 methanol - 0.05M phosphate 
buffer (pH 5.0) containing 0.1% cobalt nitrate 

o dazomet 

o ~1DC 

t;. MIT 

o methylamine + 

-v D* 

* 
+ 

solid line represents theoretical profile using the 
kinetic model 

represents all other products not quantified 

determined by fluorimetry 
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FIGURE 3.22 

Identification of sulphur in a degraded+ sample of dazomet 
by UV spectroscopy 

Curve 1: UV spectra of precipitate formed during degrada­
tion of dazomet 

Curve 2: UV spectra of elemental sulphur 

+ Degraded in pH 7 phosphate buffer for 5 hours at 550C 
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FIGURE 3.23 

Degradation study of dazomet (500 ~g.ml-l; 3.086 mM) in 
minimal salts media at 370C 

.-. dazomet 

.-. MDC 

A- A MIT 

FIGURE 3.24 

Degradation study of dazomet (500~g.ml-l; 3.086 mH) in 
minimal salts media at 370 C in the presence of B.licheniformis 

Symbols are the same as in Figure 3.23 
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FIGURE 3.25 

Degradation study of dazomet (500 ~g.ml-l; 3.086 mM) in 
minimal salts media at 370 C in the presence of 
P.aeruginosa NCTC 6749 

.-. dazomet 

.-. MDC 

"'- '" MIT 

FIGURE 3.26 

Degradation study of dazomet (100 ~g.ml-l; 0.617 mM) in 
minimal salts media at 370 C 

Symbols are the same as in Figure 3.25 
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FIGURE 3.27 

Degradation study of dazomet (100 Ilg.m1- 1 ; 0.617 m/·I) in 
minimal salts media at 370C in the presence of B.1icheniformis 

.-. dazomet 

.-. MDC 

4-4 MIT 

FIGURE 3.28 

Degradation study of dazomet (100 Ilg.m1-1 ; 0.617 mM) in 
minimal salts media at 370 in the presence of P.aeruginosa NCTC 
6749 

Symbols are the same as in Figure 3.27 
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FIGURE 3.29 

Degradation study of dazomet (50 jJg.ml- 1 ; 0.309 mM) in 
minimal salts media at 370 C 

.-. dazomet 

.-. MDC 

FIGURE 3.30 

Degradation study of dazomet (50 jJg.ml- 1 ; 0.309 mM) in 
minimal salts media in the presence of B.licheniformis 

Symbols are the same as in Figure 3.29 
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FIGURE 3.31 

Degradation study of dazo~et (500 ~g.ml-l; 3.086 mM) in 
minimal salts media at 30 C 

.-. dazomet 

.-. r1DC 

.. -.. MIT 

FIGURE 3.32 

Degradation study of dazomet (500 ).Ig.ml-1 ; 3.086 mf.1) in 
minimal salts media at 300cin the presence of S.cerevisiae 

Symbols are the same as in Figure 3.31 
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FIGURE 3.33 

Degradation study of dazo~et (100 ~g.m1-1; 0.617 mM) in 
minimal salts media at 30 C 

.-. dazomet 

.-. MDC 

A-A MIT 

FIGURE 3.34 

Degradation of daoomet (100 ~g.m1-1; 0.617 mM) in minimal 
salts media at 30 C in the presence of S.cerevisiae 

Symbols are the same as in Figure 3.33 
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FIGURE 3.35 

Degradation study of dazomet (500 ~g.ml-l; 3.086 mM) in 
nutrient broth at 300e 

.-. dazomet 

FIGURE 3.36 

Degradation study of dazomet (500 ~g.ml-l; 3.086 mM) in 
nutrient broth at 300e in the presence of S.,erevisiae 

Symbols are the same as in Figure 3.35 
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FIGURE 3.37 

Degradation study of dazomet (100 ~.ml-1; 0.617 mM) in 
nutrient broth at 300 C 

.-. dazomet 

A-A MIT 

FIGURE 3.38 

Degradation study of dazomet (100 ~g.~1-1; 0.617 mM) in 
nutrient broth at 300C in the presence of S.cerevisiae 

Symbols are the same as in Figure 3.37 
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FIGURE 3.39 

Effect of dazomet on oxygen consumption by B.licheniformis 
in minimal salts media at 37°C using an oxygen electrode 

Substrate: D-glucose (25 mM) 

FIGURE 3.40 

Effect of dazomet on oxygen consumption by B.licheniformis 
in minimal salts media at 370 C using an oxygen electrode 

Substrate: sodium succinate (25 mM) 
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FIGURE 3.41 

Effect of Na-f1DC on oxygen consumption by B.licheniformis 
in minimal salts media at 370 C using an oxygen electrode 

Substrate: D-glucose (25 mM) 

FIGURE 3.42 

Effect of Na-MDC on oxygen consumption by B.licheniformis 
in minimal salts media at 370C uSi.ng an oxygen electrode 

Substrate: sodium succinate (25 mM) 
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FIGURE 3.43 

Effect of MIT on oxygen consumption by B.licheniformis in 
minimal salts media at 370 C using an oxygen electrode 

Substrate: D-glucose (25 mM) 

FIGURE 3.44 

Effect of MIT on oxygen consumption by B.licheniformis in 
minimal salts media at 37aC using an oxygen electrode 

Substrate: sodium succinate (25 mM) 

FIGURE 3.45 

Effect of DNP on oxygen consumption by B.licheniformis in 
minimal salts media at 370C using.an oxygen electrode 

Substrate: D-glucose (25 mM) 
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FIGURE 3.46 

Effect of formaldehyde on oxygen consumption by B.licheniformis 
in minimal salts media at 370C using an oxygen electrode 

Substrate: D-glucose (25 mM) 

FIGURE 3.47 

Effect of formaldehyde on oxygen consumption by B.licheniformis 
in minimal salts media at 370 C using an oxygen electrode 

Substrate: sodium succinate (25 mM) 
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FIGURE 3.48 

Effect of dazomet on oxygen consumption by S.cerevisiae in 
minimal salts media at 300 C using an oxygen electrode 

Substrate: D-glucose (25 mM) 

FIGURE 3.49 

Effect of Na-MDC on oxygen consumption by S.cerevisiae in 
minimal salts media at 300C using an oxygen electrode 

Substrate: D-glucosec(25 mM) 
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FIGURE 3.50 

Effect of formaldehyde on oxygen consumption by S.cerevisiae 
in minimal salts media at 370 C using an oxygen electrode 

Substrate: D-glucose (25 mM) 
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FIGURE 3.51 

Effect of MIT on oxygen consumption by S.cerevisiae in 
minimal salts media at 300C using an oxygen electrode 

Substrate: D-glucose (25 mM) 
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FIGURE 3.52 

Effect of Na-MDC on oxygen consumption by B.licheniformis 
in minimal salts media at 300 C using Warburg apparatus 

Substrate: D-glucose (25 mf4) 

-1 ... - ... 10 llg .. ml 

0-0 50 " 

6.-6. 200 " 

0-0 500 " 

.-. Control 

.-. Endogeneou s respiration 

FIGURE 3.53 

Effect of dazomet on oxygen consumption by B.licheniformis 
in minimal salts media at 300 C using Warburg apparatus 

Substrate: D-glucose (25 m~l) 

Symbols are the same as in Figure 3.52 
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FIGURE 3.54 

Effect of dazomet on oxygen consumption by B.licheniformis 
in minimal salts media at 370 C in the presence of L-cystelne 

Arrow indicates additions to the electrode vessel 

Final concentrations: 

D-glucose = 25 mM 

Dazomet = 0.05 mM (8.33~g.ml-l) 

L-cysteine = 0.625 mf\1 
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FIGURE 3.55 

Effect of Na-~1DC on oxygen consumption by B.licheniformis 
in minimal salts media at 37 0 C in the presence of L-cysteine 
(substrate effect) 

Arrow indicates additions· to the electrode vessel 

Final concentrations: 

D-glucose = 25 mM 

Na-MDC = 0.065 mM (8.33 )Jg.ml-1 ) 

L-cysteine = 0.625 mN 
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FIGURE 3.56 

Effect of Na-MDC on oxygen consumption by B.1icheniformis 
in minimal salts media at 3JDC in the presence of L-cysteine 

Arrow indicates additions to the electrode vessel 

Broken line is control 

Final concentrations: 

D-g1ucose = 

Na-MDC = 

L-cysteine = 

25 m~l 

0.129 mM (16.67 ~g.m1-1) 

0.625 mM 
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FIGURE 3.57 

Effect of MIT on oxygen consumption by B.licheniformis in 
minimal salts media at 370C in the presence of L-cysteine 

Arrow indicates additions to the electrode vessel 

Final concentrations: 

D-glucose = 25 mM 

MIT = 0.182 mM 

L-cysteine - 0.625 mM 
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FIGURE 3.58 

Effect of formaldehyde on oxygen consumption by B.licheniformis 
in minimal salts media at 370 C in the presence of L-cysteine 

Arrow indicates additions to the electrode vessel 

Final concentrations: 

O-glucose = 25 mM 

Formaldehyde = 5.55 mM 

L-cysteine = 0.625 m~l 
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FIGURE 3.59 

Effect of predegraded dazomet (50 pg.ml- 1 ; 0.309 mM) on 
oxygen consumption by B.licheniformis in minimal salts media 
at 370 C using an oxygen electrode 

Substrate: sodium succinate (25 mM) 

~.~ experimental values 

•.• estimated values due to dazomet alone in the pre­
degraded mixture 

FIGURE 3.60 

Effect of predegraded dazomet (100 pg.ml-1 ; 0.617 mM) on 
oxygen consumption by B.licheniformis in minimal salts media 
at 370C using an oxygen electrode 

Substrate: sodium succinate (25 mM) 

Symbols are the same as in Figure 3.59 
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FIGURE 3.61 

Assessment of the activity of dazomet against B.licheniformis 
by spectrophotometri c measurement of growth at 650 nm 
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FIGURE 3.62 

Assessment of the activity of Na-MOC against B.1icheniformis 
by spectrophotometric measurement of growth at 650 nm 
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FIGURE 3.63 

Assessment of the activity of MIT against B.1icheniformis 
by spectrophotometri c measurement of growth at 650 nm 

0-0 50 ~g.m1-1 

0-0 40 " 

30 " x-J( 

+-+ 20 " 

'1-'1 10 " 

l:>-l:> 5 " 

0-0 0 " 



.50 

.40 

~.30 
t: 

'" .0 
S­
o 
III 
.0 ex: 

'" o 
-' .20 

.10 

.0 

146 

:---~~~ 60 120 180 240 270 

Time (Minutes) 





FIGURE 3.64 

Assessment of the activity of formaldehyde against B.licheniformis 
by spectrophotometric measurement of growth at 650 nm 
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FIGURE 3.65 

Assessment of the activity of dazomet against B.licheniformis 
in the presence of L-cysteine by spectrophotometric measurement 
of growth at 650 nm 
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FIGURE 3.66 

Assessment of the activity of Na-MDC against B.licheniformis 
in the presence of L-cysteine by spectrophotometric measure­
ment of growth at 650 nm 

0-0 

10 

o 
" + L-cysteine (0.625 mM) 

" 



ID 
U 
C 

'" -e 
o 
VI 

~ 
0> 

.40 

.30 

149 

/ 
0 

/ 
0 

/ 

0 

/ 
0 

/ 
0 

/ 
0 

v 
/ _v 

v 
/' 

.3 .20 o 

.10 

l---------J~------~~------~~------_;2~4~0--~270 o 120 180 

. 0 60 Time (Minutes) 





FIGURE 3.67 

Assessment of the activity of MIT against B.licheniformis 
in the presence of L-cysteine by spectrophotometric measure­
ment of growth at 650 nm 
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FIGURE 3.68 

Assessment of the activity of formaldehyde against B.licheniformis 
in the presence of L-cysteine by spectrophotometric measurement of 
growth at 650 nm 
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FIGURE 3.69 

UV spectra of Na-MDC in minimal salts media containing 
Zn (11), Fe (11), Mn (11) and Mg (11) at 0.09,0.09,0.12 
and 0.98 mf4,respectively 

Curves 1-8: 0.04, 0.08, 0.16, 0.40, 0.80, 1.60, 2.78 and 
3.97 mM concentrations of Na-MDC, respectively 
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FIGURE 3.70 

UV spectra of Na-MOC in minimal salts media containing 0.98 mM 
t~g (11) ions 

Curves 1-8: 1.19,1.59,1.99,2.33,2.78,3.18,3.57 and 
3.97 mM concentrations of Na-MDC, respectively 
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TYPICAL TLC PLATES OF DEGRADED DAZOMET AND SOME STANDARDS 

Plate 3.1 

TLC using calcium oxalate plates 

From left to right 

methylamine hydrochloride, m1TD, m1TU, MIT, Na-MDC, dazomet 

and degraded sample of dazomet (in phosphate buffers for 4 

hou rs a t 55°C) 

Plate 3.2 

TLC using plain silica plates 

From left to right 

methylamine hydrochloride, DMTU, MIT, Na-MDC, dazomet, degra­

ded dazomet (in phosphate buffers for 4 hours at 550C, respec­

tivel~ and sample of dazomet stored in distilled water for 4 

months at 450 C. 
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Plate 3. 3 

Cul tures of E.coli grown in minimal salts media at 37°C in the 

presence of dazomet. 

10 l 
Tubes 1-% contain 500, 400, 300, 200, 60, 40, 20, 15,( and 0 

~ g . ml-l dazomet, respectively . 

Plate 3. 4 

Cul tures of E.coli grown in min imal salts media at 37°C in the 

presence of Na-MDC. 

10 
Tubes 1-9 contain 500, 400, 300, 200, 60, 40, 20, 

11.· MDC 
~g.ml- l da2smet, respectively. 
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Plate 3.5 

Cultures of E.coli grown in minimal salts media at 37°C in 

the presence of formaldehyde. 

Tubes 1-6 contain 5, 10, 15, 20, 25 and ° ~g ml- 1 formalde­

hyde, respectively. 

Plate 3.6 

Cultures of E.coli grown in minimal salts media at 37°C in the 

presence of MIT. 

Tubes 1-5 contain 5, 10, 15, 20 and 10 ~g.ml-l MIT, respectively. 
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Plate 3.B 

Effect of sub-toxic concentration of dazomet (1.6 ~g.ml-l) on 

Human KB cells cultured in MEM medium at 37°C. 

Plate 3.9 

Effect of sub-toxic concentration of Na-MDC (8 ~g.ml-l) on Human 

KB cells cultured in MEM medium at 37°C. 
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Plate 3.10 

Effect of sub-toxic concentration of formaldehyde (0.4 )lg.m1- 1 ) 

on Human KB cells cultured in MEM medium at 37°C. 

P1 ate 3.11 

Effect of sub-toxic concentration of MIT (2-8 )lg.m1- 1 ) on Human 

KB cells cultured in MEM medium at 37°C. 
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4. KIN E TIC S 0 F D E G R A D A T ION 
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4.1 Kinetics of Degradation of Dazomet in Phosphate Buffers 

4.1.1 The proposed model 

For the kinetic analysis of the experimental data obtained 

for the degradation of dazomet in phosphate buffers (Figures 

3.18-3.21), the simplified reaction network shown in Figure 4.1 was 

found to hold. This scheme was arrived at after examining other 

possibilities (see Appendix 6.2) - none of which resulted in a 

satisfactory representation of the experimental observations. 

C 

A B 

D 

FIGURE 4.1 Simplified reaction network for the degradation of 
dazomet 

where: A is dazomet; B is N-methyldithiocarbamate (MDC); 

C is N-methylisothiocyanate (MIT) and D represents all 

other products not quantified 

The objective of the kinetic model presented here is to give 

an analytical representation of the experimentally obtained con­

centration versus time profiles for the degradation of dazomet and 

its main products - namely, MDC and MIT. 

As mentioned previously, (3.1.6), concentrations of A, B 

and C in a reaction mixture at a given time were obtained by 

HPLC. Concentration of D, however was obtained by a mass balance 

as follows: 
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(4.1 ) 

where: CA is initial concentration of A and CA' CB' Cc and 
o 

CD are concentrations of A, B, C and D, respectively. 

A pseudo-first order equilibrium was assumed for the 

degradation of A to B. This was based on the nature of the 

degradation profiles (Figures 3.18-3.21). The degradation of 

dazomet can be seen to proceed in three stages. The first stage, 

up to about 30 minutes is very rapid and the concentration of 

dazomet decreases to about 1/3 of the initial concentration. 

The concentration versus time relationship is approximately 

a straight line - characteristic of a zero order reaction. 

The second stage up to about 90 minutes is exponential, and 

if log concentration versus time is plotted for the region, a 

straight line can be drawn through the points, characteristic of 

a first order reaction. The final stage:, from 90 to 300 minutes, 

is a region represented by very little change (less than 0.5 mM). 

This region resembles the first stage, and a straight line can 

be drawn through the concentration versus time points, character-

istic of zero order reaction. These sequences of events clearly 

imply establishment of an equilibrium in the system, and since 

the disappearance of A continues at a rapid rate until large 

concentrations of B are produced, it is reasonable to assume 

an equilibrium between A and B. 

Degradation of B was treated as two separate reactions of 

unknown order with respect to the concentrations of the products. 
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Since C and D appeared in the incubation mixture only after 

B was formed (Figures 3.18-3.21), they can be assumed to be 

products arising from B. The rate of formation and the maxi-

mum amount of C formed was nearly the same in each case. 

A straight line through the concentration versus time points' 

for C suggests that its formation is not dependent on the 

amount of B present in the incubation mixture. However, the 

amount of D, which was calculated by a mass balance (4.1), was 

different in each case, and since various possibilities exist 

as to the nature of secondary reactions, involving both C and 

various products of D (e.g. carbon disulphide, methylamine, 

N,N-dimethylthiuram disulphide etc), an unknown order of reac-

tion was assumed with respect to concentration of each. 

Thus, rate equations for A, C and D can be written as 

follows: 

(4.2) 

-
(4.3) 

(4.4) 

where -YA is the rate of degradation of A 

Ye and YD are the rates of formation of C and D, respectively. 



164 

K1' Kz, K3 arid K4 are the rate constants and n3, n4 are 

the orders of reactions 

By integrating equations (4.2), (4.3) and (4.4) with 

appropriate boundary conditions, the following concentration 

versus time profiles were obtained (see Appendix 6.3) 

where: -

(4.5) 

K = K1 + Kz (rate constants for the forward and reverse 

reactions) and CA = equilibrium concentration of A, 
e 

taken as the final value of CA. 

C = C 

1 1 
--..--, --'-,n-

3 
1-n 3 

[(1 - n3)K31 t (4.6 ) 

(4.7) 

For B, the concentration versus time profiles were obtained 

from mass ba1ance (4.1). 
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4.1.2 Evaluation of Kl to K4 (rate constants) and n3 and 
n4 lorder of reactions for C and D respectively) 

Equation (4.5) can be written as: 

(4.8 ) 

The best value of K was obtained uSing a non-linear opti­

mization routine G02CBF (NAG Library). The initial estimate 

of K required for this routine was obtained as follows: 
CA - CA 

e By plotting ln ~~ versus t, a straight line was 
Ao Ae 

obtained through the origin (Figure 4.2). The slope of this 

line gave the required estimate of K. 

From the best value of K obtained using the NAG routine 

G02CBF, Kl and K2 were calculated using the following relation­

ships (Appendix 6.3): 

(4.9) 

(4.10) 
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Equation (4.6) can be written as: 

(4.11) 

where: (4.12) 

(4.13) 

Constants a and b were obtained using a non-linear optimization 

routine E04FDF (NAG library routine). Initial estimates of 

a and b required in the routine E04FDF were obtained as follows: 

From equation (4.11), we have 

log Cc = log a + b log t (4.14) 

Thus, by plotting log Cc versus log t and using only two 

selected points, a straight line was obtained. The slope of 

this line gave the value of b and the intercept was used to get 

the value of a. The individual values of these estimates are shown 

in the computer program (Appendix 6.4). 

Using the optimum values of a and b obtained from the routine 

E04FDF, K3 and n3 were calculated from equations (4.12) and (4.13). 
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Evaluation of K4 and n4 

K4 and n4 were evaluated using exactly the same procedure 

described above for the evaluation of K3 and n3. 

4.1.3 Results from the kinetic model 

A computer program was developed to evaluate the rate con­

stants (Kl , KZ' K3, K4) and the orders of reactions (n3, n4) 

using the methods outlined in the previous sections (see Appen­

dix 6.4). The values of the constants Kl , K2, K3, K4, n3 and 

n4 were obtained for different pH conditions and are shown in 

Table 4.1. For each of the reaction components, namely, dazo­

met, MDC and MIT represented as A, Band C respectively, the 

standard deviations of the experimental data as well as the 

standard deviations between the predicted values and the mean 

of the experimental values are also shown in Table 4.1. 

It can be seen that the standard deviations of the experi­

mental data and the standard deviations of the predicted data 

using the kinetic model are very similar. The standard devia­

tions of the predicted points for 0 (representing all other pro­

ducts not quantified) are also in close agreement with the values 

obtained from the mass balance. 

The orders of reactions provided for C and 0 are fractional 

and in some cases negative as shown in Table 4.1. 

The predicted concentration versus time profiles for A, B 

C and 0 at pH 5,6,7 and 7.5 are shown in Figures 3.18-3.21, 



TABLE 4.1 

E.valuated rate constants and orders of reaction for the degradation of dazomet 

I"ompo- A B C 0 
nent 

pH 
Kl KZ SO OF l SO OF

2 SO OF
1 

SO OF Z "3 SO OFl SO OF2 K4 SO OFJ 

xl06,s-1 Ja06 s-l EXP PREO EXP PREO n3 xl06 ,s-1 EXP PREO 
n

4 xl06 ,s-1 PREO , 
DATA DATA DATA DATA DATA DATA DATA 

5 737.8 58.7 .0335 .0954 .Z302 .1938 -0.173 27.2 .0384 .0141 0.005 2Z3.6 .1641 

6 607.8 68.Z .0437 .0841 .0917 .0924 -0.198 23.0 .0293 .0133 0.484 198.6 .0435 

7 533.3 57.4 .0612 .0910 .0729 .1010 0.169 23.0 .0534 .0369 .0516 186.5 0.0333 

7.5 613.3 54.6 .0421 .0999 .1098 .1229 -0.145 21.2 .0191 .0189 -0.946 218.9 0.1888 

A, B, C and 0 = dazomet, N-methyldithiocarbamate, N-methylisothiocyanate and all other products not quantified, 
respecti vely 

Kl ' KZ' K3 and K4 are rate constan ts 

n3 and n4 are orders of reactions 

SO = standard deviation (defined in Appendix 6.1) 

1 = standard deviation of points determined experimentally 

2 = standard deviation of predicted pOints from the mean of experimentally determined points 

3 = standard deviation of predicted points from the mean of calculated values (by mass balance) of 0 

en 
00 
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respectively. The figures show excellent agreement between 

t.he predicted curves and the experimental data. 

4.1.4 Influence of various factors on the degradation 
of dazomet 

The influence of various factors on the rate constants K1 

and K2 for the degradation of dazomet are summarised in Tables 

4.2 (effect of oxygen and nitrogen rich environments at various 

pH's), 4.5 (effect of temperature) and 4.4 (effects of some 

products of degradation in the incubation mixture). 

Under normal conditions of degradation (in phosphate buffer 

at 550 C), the influence of pH on the rate constants was very little 

(Table 4.1). However, small differences could be observed and the. 

value of the rate constant K1 (forward reaction of the equilibrium) 

was the highest at pH 5.0, decreasing slightly with increasing 

pH (pH 6 and 7), but showing slight increase at pH 7.5. However, 

for the corresponding values of K2 (reverse reaction of the equi-

1 i bri um), the effect was reversed. Thus, the va 1 ue of K2 was the 

lowest at pH 5.0, increasing slightly with increasing pH (pH 6 and 

7), but showing a slight decrease at pH 7.5. 

Under the conditions of oxygen and nitrogen rich environ-

ments (Table 4.2), the effect of pH on the rate constants K1 and 

K2 is the same as under normal conditions(Tab1e 4.1). However, 

the values of K1 are slightly higher than those under normal 

conditions, with values of K1 for oxygen rich environment being 

slightly greater than under nitrogen rich environments. The values 
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of Kz for oxygen rich environments are lower than those under 

normal conditions, while those for nitrogen rich environments 

are slightly higher. Table 4.2 also shows the influence of 

dark environments on the rate constants, K1 and K2. Compared 

to the degradation under normal conditions (Table 4.1), there 

is no significant effect on K1. However, the value of K2 is 

slightly less. 

The influence of temperature on the rate constants is 

shown in Table 4.3. The effect of pH on the rate constants K1 

and K2 is the same as under normal conditions of degradation 

considered previously (Table 4.1). However, the value of K1 

is lower at 250 C compared with that of 370 C, while the value 

of K2 is higher at lower temperatures, and both the rate con­

stants are significantly smaller than at 550 C. The variation 

of rates with temperature was tested using Arrhenius equation: 

K = A exp -E/RT (4.15) 

where: K = rate constant 

T = temperature (Kelvin) 

R = gas cons tant 

E = activation energy 

A = frequency factor 

The equation may be written in the following simplified form: 

1n K = 1n A - E/RT (4.16) 
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Hence, a plot of 1n K versus + gave a straight line (Fig­

ure 4.7). The value of E was evaluated from the slope of the 

graph, and was found to be 21.28 Kca1 mo1-1; and by substi-

tuting this value in (4.16), the value of A was found to be 

1.08 x 1011 S-l . 

. The influence of some products of degradation on the rate 

constants K1 and K2 is shown in Table 4.4. Na-MOC, MIT, methyl­

amine and carbondisu1phide, all have little or no effect on the 

value of K1 compared to degradation under normal conditions 

(Table 4.1). However, the value of K2 is increased by nearly 

two times in the presence of Na-~1DC, and a little less in the 

presence of MIT, but is not affected much in the presence of 

either methylamine or carbon disulphide. The predicted points 

using the kinetic model show excellent agreement with the 

experimental data for the degradation of dazomet in the pre­

sence of Na-MOC, MIT, methylamine and carbon disulphide, (Figures 

4.3-4.6 respectively). Figures 4.3-4.6 also show the effect of 

these products on the formation of MOC. Na-MOC, methylamine and 

carbon disulphide have very little effect or may cause a slight 

decrease in the total amount of r~oc formed. In the presence of 

rUT however (Fi gure 4.4), s 1 i ght1y hi gher amounts of MOC are formed. 

-. 



TABLE 4.2 

Evaluated rate constants for the degradation of dazomet under oxygen or nitrogen rich environments 

CONDITION 1 Kl K2 SO OF2 

pH 
x 106 • s -1 x 106 • s -1 EXP 

DATA 

Oxygen B05.1 4B.7 0.0473 
5 

Nitrogen 1053.6 72 .9 0.0490 

Oxygen 762.6 77 .1 0.0626 
6 

Nitrogen 461.0 174.5 0.0594 

Oxygen 795.2 54.4 0.1013 
7 

Nitrogen 567.B 103.4 0.0619 

Dark 539.0 46.0 0.0571 

Oxygen 947.6 7.5 0.0503 
7.5 

Nitrogen 719.2 96.0 0.0517 

Kl and K2 are rate constants. 

SO ; standard deviation (defined in Appendix 6.1) 

1 ; dazomet degraded at 550 C under oxygen or nitrogen rich envi ronments or in dark 

2 ; standard deviation of points determined experimentally 

3 ; standard deviation of predicted points from mean of· experimentally determined points 

SO OF3 

F'RED 
DATA 

0.0902 

0.0460 

0.1213 

0.4254 

0.1357 

0.2301 

0.0609 

0.1402 

0.OB32 



TABLE 4.3 

Evaluated rate constants for the degradation of dazomet at different temperatures 

Temperature 1 K1 
pH oC x 106 , S-1 

25 22.5 

5 37 36.4 

55 737.8 

25 20.2 

6 37 31.1 

55 607.8 

25 22.2 

7.5 37 36.9 

55 613.3 

K1 and K2 are rate constants. 

SO = standard deviation (defined in Appendix 6.1) 

1 = degradation temperature of dazomet 

K2 
X 106 , 

5.9 

1.8 

58.7 

7.1 

3.9 

68.2 

6.5 

4.7 

54.6 

2 = standard deviation of points determined experimentally 

SO OF2 

S-1 EXP 
DATA 

0.0544 

0.0597 

0.0335 

0.0535 

0.0431 

0.0437 

0.0522 

0.0604 

0.0421 

3 = standard deviation of predicted points from mean of experimentally determined points 

SO OF3 

PRED 
DATA 

0.1271 

0.1654 

0.0954 

0.0828 

0.1504 

0.0841 

0.0866 

0.1429 

0.0999 
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TABLE 4.4 

Evaluated rate constants for dazomet in the presence of some 
products of degradation 

Ra te cons tant 
x 106 , S-1 

K1 K2 

Oegradati on 
product 1 

Na-MDC 558.5 102.1 

MIT 542.3 67.5 

Methyl ami ne 654.2 50.9 

Carbon disu1phi de 599.9 50.1 

1 dazomet degraded in pH 7 phosphate buffer at 550 C in pre-

sence of some degradation products 
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4.2 Kinetics of Degradation of Dazomet in Minimal Salts Media 
and Nutrient Broth 

The degradation of dazomet in minimal salts media and 

nutrient broth at different concentrations and under incubation 

conditions required for the growth of bacteria (B.licheniformis 

and P.aeruginosa NCTC 6749) and yeast (S.cerevisiae) was dis­

cussed previously in Section 3.1.9 (Figures 3.23-3.38) with 

respect to the amount of MDC and MlT produced under each con­

dition. For dazomet, the figures show that under each condi-

tion the degradation is exponential and either reaches zero 

concentration or tends towards it at the end of the incubation 

period. The differences between the various curves are minimal, 

hence kinetic analysis of the results was attempted in order to 

study the overall trend. 

The reactions in minimal salts media and nutrient broth 

were performed under conditions of aeration and at concentrations 

of 500, 100 and 50 ~g.ml-l (3.086, 0.617 and 0.309 mM, respectively), 

were in contrast to degradation in phosphate buffers (Section 3.1.8). 

The latter was studied in sealed containers at 1000 ~g.ml-l 

(6.173 mM). Under these conditions (Figures 3.18-3.21) an equi­

librium was observed and a pseudo·first order kinetic treatment 

(equation (4.2)), gives the best representation of the experi­

mentally obtained data. However, for the degradation of dazomet 

in minimal salts medi~ and nutrient broth (Figures 3.23-3.38) an 

equilibrium was not established and hence equation (4.2) can be 
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written as follows: 

(4.17) 

where: -YA is the rate of degradation of dazomet and CA 

is the concentration of dazomet at time t. 

Therefore, the reaction in this case can be said to follow 

first order kinetics. 

By integrating equation (4.17), we obtain the following 

concentration versus time profile: 

This equation can also be written as: 

where: 

CA 
o ln L. = Kt 
A 

CA is the initial concentration of dazomet. 
o 

(4.18) 

(4.19) 

... by plotting In(CA ICA) vs. t a straight line was obtained 
o 

with slope = K. 

The values of half life (T) for the degradation of dazomet 

under various conditions were calculated by taking the integra­

ted form of the rate equation (4.19) and setting t equals T and 
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Thus: 

C 
1 \ 1 

T = K 1n ~ = K 1n 2 
Ao 

(4.20) 

The values of rate constants (K) and half lives (T) for the 

degradation of dazomet under various conditions are summarised in 

Table 4.5. The table shows excellent correlation coefficients 

(of the order of 0.99) for predicting a straight line through log 

concentration versus time plots for the first order degradation 

of dazomet under these conditions. 

The values of K and T were evaluated for the degradation 

of dazomet at different concentrations in minimal salts media 

(at 300and 370 C) and in nutrient broth (300 C) and under similar 

conditions in the presence of microorganisms (Table 4.5). 

For the degradation of dazomet in minimal salts media at 

370 C, the rate constants do not change to any significant extent 

in the presence of either B.1icheniformis or P.aeruginosa com­

pared with the controls, at each of the three concentrations 

studied. However, under each condition, the value of K decreases 

with an increase in the concentration of dazomet. The difference 

being greater for a two-fold increase in concentration from 50 

to 100 ~g.m1-1, and significantly less for a five-fold increase 

from 100 to 500 ~g.m1-1. Similar effect was observed also with 

S.cerevisiae in both minimal salts media and nutrient broth at 30~ . 

. However, the values of the rate constants are less for both the 
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controls and in the presence of microorganisms compared with 370 C. 

The influence of concentration on the rate constant under diff­

erent conditions is also reflected in the evaluated values of T. 
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TABLE 4.5 

Evaluated rate constants and half-lives for the degradation of 
dazomet in mlnlmal salts medla and nutrlent broth 

~ 
50 100 

Condition of ( .31 ) ( .62) 
degradation 

In minimal salts media at 370 C: 
Control ( K 200.6 137.7 

( CR .9957 .9951 
( T 57.6 83.9 

In presence of ( K 209.3 171.8 
B.l icheniformis ( CR .9943 .9972 

( T 55.2 67.2 

In presence of ( K 161 .1 
·P.aeruginosaNCTC 6749 ( CR (-) .9926 

( T (-) 71.7 

In minimal salts media at 30°C: 
Control ( K 77 .0 

( CR (-) .9994 
( T (-) 150.0 

In presence of ( K 71.6 
S.cerevisiae ( CR (-) .9988 

( T (-) 161. 3 

In nutrient broth at 300 C: I 
Contro 1 ( K 54.2 

( CR (-) .9863 
( T (-) 213.2 

In presence of ( K 61.4 
S.cerevisiae ( CR (-) .9799 

( T ( - ) 188.1 

500 
(3.09) 

129.5 
.9838 
89.2 

137.4 
.9951 
84.1 

122.7 
.9963 
94.1 

50.7 
.9980 
227.9 

54.2 
.9975 
213.3 

42.3 
.9982 
272 .9 

42.2 
.9976 
273.9 

K = rate constant (x 106 , S-l) for first order degradation of dazomet 
T = half life (minutes) for the decomposition of dazomet 
(-) not studied 
CR correlation coefficients for predicting a straight line through log 

concentration versus time plots for the first order degradation of 
dazomet (Appendix 6.1) 

+ figures in brackets are concentrations in mM 





FIGURE 4.2 

Estimation of the initial value of K required for the deter­
mi na t ion 0 f pseudo - fi rs t 0 rde r rate cons tan ts Kl and K2 

= initial concentration of dazomet (mM) 

CA = equilibrium concentration of dazomet (mM) 
e 

CA = concentration of dazomet at time t (mM) 
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FIGURE 4.3 

Degradation study of dazomet in pH 7 phosphate buffer at 
55 C in tne presence of Na-MDC 

o dazomet 

o HDC 

solid line represents theoretical profile using the 
kinetic model 

FIGURE 4.4 

Degradation study of dazomet in pH 7 phosphate buffer at 
550 C in the presence of MIT 

o dazomet 

o MDC 

" MIT 

<> methyl ami ne 

solid line represents the theoretical profile using the 
kinetic model 
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FIGURE 4.5 

Degradation study of dazomet in pH 7 phosphate buffer at 550 C 
in the presence of methylamine 

o dazomet 

o MDC 

o methylamine 

solid line represents the theoretical profile using the 
kinetic model 

FIGURE 4.6 

Degradation study of dazomet in pH 7 phosphate buffer at 550 C 
in the presence of carbon disulphide 

o dazomet 

o MDC 

solid line represents the theoretical profile using the 
kinetic model 
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FIGURE 4.7 

Arrheniu5 plot for the degradation of dazomet 

A A pH 5.0 

0 0 pH 6.0 

0 - 0 pH 7.0 

E 21.28 -1 
= K ca 1 mol 

A = 1.08 x 1011 5-1 
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5. D I S C U S S ION 
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AnaLysis of Dazomet and Dithiocarbamates by HPLC 

Analysis of a degraded sample of dazomet is complicated by 

the presence of polar, non-polar and neutral components in the 

mixture (Plates 3.1-3.2 and Table 3.1). HPLC using a reverse 

phase column (Figure 3.13) could separate dazomet and N-methyl­

isothiocyanate (MIT), however, an unresolved peak also appeared 

at the solvent front, suggesting very polar nature of the eluent. 

TLC studies (Plates 3.1-3.2 and Table 3.1) indicated that the 

compound was probably N-methyldithiocarbarmate (MDC). Reduction 

of the pH of the eluting solvent (up to pH 4) to suppress ioni­

sation had no effect on the retention of the compound. Lower pH 

was not tried due to unstable nature of dithiocarbamates below 

pH 4 (Bode, 1954). Ion-pair reagents tetrabutylammonium hydoxide 

and cetrimide were also tried but appeared to facilitate the degra­

dation of MDC. 

As transition-metal salts of a number of dithiocarbamates 

have been successfully separated using liquid chromatography 

(Schwedt, 1977, 1978 and 1979), the use of transition-metal ions 

as ion-pair reagents in the eluting solvent was investigated. 

Both cobalt (11) and nickel (11) metal ions (Table 3.3) gave 

good separation and peak efficiencies without markedly affecting 

the retention time of other components of degradation (Table 3.2). 

Cobalt (11) was selected since it has a lower retention time. 

Using cobalt (11) as the pairing reagent, dazomet, MDC, MIT and 

N,N'-dimethylthiuram disulphide (DMTD) could all be determined in 
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the same run (Figure 3.14). The peaks were readily detected 

without background interference from the metal ions in the sol­

vent. The efficiency of the column was unchanged compared 

with the unpaired eluents, suggesting that complex formation 

was rapid. The capacity factors of the eluents remained un­

changed at different concentrations of the metal-ions, hence 

on-column complex formation was the mode of chromatography. 

In addition, the relative order of elution of other components 

in the degradation mixture remained unaltered (Table 3.2), 

suggesting that they are not affected by the presence .of cobalt 

(11) ions. 

The calibration graphs for the determination of dazornet, 

MDC and MIT shows a linear detector response in the concentration 

ranges studied (Figures 3.15-3.17, respectively). The calibration 

graph for MDC (Figure 3.16) shows a negative intercept, sugges­

ting a small but constant amount of dec9mposition. 

The potential application of the on-column pairing technique 

using transition-metal ions was further investigated for the analysiS 

of various dithiocarbamates and thiuram disulphide which are 

commonly used as fungicides, rubber vulcanisers and in pharma­

ceutical products (Table 3.3). In these studies, the transition­

metal ions in the eluting solvent form a neutral non-aqueous 

soluble metal-dithiocarbamate complex, enabling them to be resol-

ved from the solvent front and to be eluted under similar conditions 
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to the corresponding disulphides (Table 3.3). As each of these 

complexes has different capacity factor, it should be possible, 

by selection of metal-ions, to adjust the retention of the com­

plex so that it can be resolved from other components of a mix­

ture. 

A number of important fungicides are based on ethylene­

bisdithiocarbamic acid (Table 1.1), including zineb, maneb and 

mancozeb, the metal complexes of which are polymeric and attempts 

to examine the sodium salt using cobalt (11) as a reagent were 

unsuccessful. Many dithiocarbamates form stable silver (1) 

salts (Raizman and Thompson, 1972) but a trial using silver 

nitrate appeared to result in the decomposition of the ethylene­

bisdithiocarbamate (3.1.7). Similarly complexes of iron (111), 

mercury (11), copper (11) and lead (11) ions, resulted in decom­

position. 

Preliminary studies were carried out to examine the use of 

other transition metal ions in the analysis of dithiocarbamates 

and thiuram disulphides. It was found that cobalt (11) complex 

eluted as a cobalt (111) complex, confirming a report by Gaetani, 

Laureri and ~langia (1979). Problems were encountered in analysis 

if more than one of the dithiocarbamates and/or thiuram disulphide 

was present because of mixed complex formation and alkyl inter­

changes. This area has been considered further and reported 

(see Appendix 6.5). 
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Hence, the use of nickel or cobalt ions as comp1exation 

reagents is a useful technique for the determination of indivi­

dual dithiocarbamates, though the interpretation of the results 

can be complicated if dithiocarbamates and/or thiuram disu1-

phi des with different amino function are present in the sample. 

Degradation Studies on Dazomet 

A freshly prepared solution of dazomet in distilled water 

showed two absorbance peaks at 250 and 277 nm (Figure 3.1). 

The dithiocarbamate grouping, as in esters of dithiocarbamic 

acids, or in tetramethy1thiuram monosu1phide, show strong UV 

bands in the regions 275-290 nm and 245-260 nm (Thorn and Ludwig, 

1962). However, a corresponding solution of dazomet in carbon 

tetrachloride showed only a single peak at 290 nm (Figure 3.1). 

The very much lower absorbancy in water indicates that the ring 

structure has been split and the spectrum of the aqueous solution 

is very similar to spectra of MDC in distilled water (Figure 3.2) 

and is characteristic of dithiocarbamate derivatives (Goksoyr, 

1964). UV studies of dazomet in distilled water (Figures 3.3-

3.7) showed that the solutions were very unstable and the degra­

dation was most rapid at high temperatures (e.g. 700C; Figure 

3.7). The relative ratios of the height of the peaks were also 

different, indicating that the solution contains a mixture of UV­

absorbing compounds. van der Kerk (1956) and Goksoyr (1964) who 

compared the fungicidal activity of dazomet and Na-MDC, concluded 

(without furnishing chemical evidence) that dazomet hydrolyses in 
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aqueous solution to fonn formaldehyde and N-methyldithiocarba­

mate ester (MDC-ester). The ester is fonned by the splitting 

of the ring between the two nitrogens at positions 3 and 5, 

which decomposes further to MDC and MIT (Figure 1.2). 

However, the single UV peak shown by dazomet at the longer 

wavelength in carbon tetrachloride is similar to the spectral 

effect shown by mercaptobenzthiazole (Figure 5.1). 

FIGURE 5.1 Mercaptobenzothiazole 

Zahradnik (1959) observed that mercaptabenzothiazole shows strong 

absorption at 332 nm and a weak absorption band at 265 nm, which 

was-explained on the basis of -S-C(S)-group giving the ring a 

pseudoaromatic character. Hence, the incorporation of the sul-

phur atom in the dazomet ring structure (Figure 5.2) appears to 

effect the loss of the characteristic dithiocarbamate spectra. 

Thus, the spectra of dazomet in aqueous solution (Figure 3.1) 

suggests that the ring structure splits at position 1 between the 

methylene group and sulphur atom as shown in Figure 5.2. 



190 

FIGURE 5.2 Proposed degradation of dazomet in aqueous 
solution 

Evidence in support of this suggestion comes from the 

antibacterial and antifungal activities of dazomet and Na-MDC. 

Solutions of freshly prepared dazomet and Na-MDC both show 

similar inhibitory activity on oxygen consumption by B.licheniformis 

(Figures 3.39-3.42) and S.cerevisiae (Figures 3.48-3.49). The 

nature and extent of inhibition as shown by the inhibition curves 

was similar at the various concentrations studied. This suggests 

that the active group responsible for the inhibitory activity of 

both these compounds could be similar. The ability of the dithio-

carbamate moiety to form metal chelates is well known (Thorn and 

Ludwig, 1962; Lukens, 1971) and will be considered in more 

detail later with respect to the biological activity of dazomet 
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and Na-t4DC. If however, the dazomet ring sp1 its between posi­

tions 3 and 5 as suggested by van der Kerk (1956), then an 

alternate metal chelate may be formed between the two nitrogen 

atoms at positions 3 and 5 of the dazomet ring (Figure 1.2). 

Such a coordinate metal chelate is of the type formed by 

histidine (Figure 5.3) 

FIGURE 5.3 

HN N NH 
" ~ ~M""" 2 

~ 

Chelate of histidine with metal 
(Lukens, 1971) 

However, it has been shown that histidine has a much 

lower complex strength compared with complexes where the dithio­

carbamate group is actively involved (Kaars Sijpesteijn and 

Janssen, 1957 and 1958). Hence, it is expected that a ring 

chelate involving MDC-ester will show quite a different spec­

trum of biological activity due to complex strength and steric 

effects compared with Na-NDC, where the dithi oca rbama te group 

is involved in the formation of a metal chelate. 

The similarity in the biological activity of dazomet and 



192 

MDC (Figures 3.39-3.42 and 3.48-3.49) also suggests another 

possibility that dazomet acts as MDC in aqueous solutions. 

However, the nature of the UV spectra, as mentioned ea1ier, 

(Figure 3.1), suggests a mixture of compounds in the solution. 

Furthermore, degradation studies of dazomet in phosphate buffers 

by HPLC and fluorimetry (Figures 3.18-3.21) show that both MDC 

and methylamine are produced in increasing concentration with 

time. The quantitative release of formaldehyde from dazomet 

solutions should also indicate that dazomet is present as a 

split ring form (Figure 5.2) and not as MDC. The presence of 

formaldehyde in fresh solutions was detected by a spot test 

(3.1.4). However, this does not give any positive indication of 

whether the formaldehyde is from position 6 of the ring as pro­

posed (Figure 5.2), or from position 4, as suggested by van der 

Kerk (1956; Figure 1.2), or both. Studies using Nash's reagent 

(Figures 3.10-3.11) show that a total of two moles of formalde­

hyde are released per mole of dazomet. However, due to high 

temperatures required for the development of the coloured reac­

tion, the method does not provide any answers about the initial 

steps involved in the degradation of dazomet. 

There also exists a possibility that in a reaction medium 

containing zinc and other metal ions, dazomet ring splits cata­

lytically to release MDC. This possibility was first suggested 

for copper and other heavy metals by Mu1der (1873), but, studies 

on the degradation of dazomet in minimal salts media (containing 

Zn (11), Fe (11), Mn (11) and Mg (11) ions) in the presence and 
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absence of microorganisms (Figures 3.23-3.38) discounts this 

possibility, since individual peaks due to dazomet and MDC 

were observed at various time intervals, as with degradation 

studies in phosphate buffers (Figure 3.14). 

Hence, it is reasonable to assume that in aqueous solutions 

dazomet is present as an open ring form (Figure 5.2), and will 

therefore be referred to as dazomet (I) in subsequent discussions. 

Further studies on the degradation of dazomet in aqueous 

solutions could not be made using the UV technique, because as 

mentioned earlier, the nature of the spectra (Figure 3.1) sugg­

ests the presence of a mixture of UV absorbing compounds. An 

alternative technique using paper chromatographV(Figures 3.8-3.9) 

resolved only dazomet (I) and was not investigated further because 

of the length of time taken for the analysis and limitations of 

the detection procedure. 

Hence, degradation studies using HPLC on-column pairing 

(discussed previously) was the preferred technique, since dazo­

met (I) as well as the major decomposition products namely MDC, 

MIT and DMTD could all be analysed in the same run (Figure 3.14). 

The degradation profiles obtained for dazomet (I) at a narrow pH 

range of phosphate buffers (5, 6, 7 and 7.5) show very similar 

decay curves (Figures 3.18-3.21). The three stages of degradation 

starting with a very rapid stage followed by an exponential stage 

and finally an equilibrium stage could not be explained in terms 
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of simple kinetic treatment of first-order, second order, or 

of multiple orders (see Chapter 4, and Appendix 6.2). 

A kinetic model assuming a pseudo-first order equilibrium 

between dazomet (I) and MDC is proposed (Figure 4.1). Further 

degradation which results in the formation of M1T and D (all 

other products not quantified), were assumed to be of unknown 

orders with respect to the concentrations of each; since they 

may react with MDC in several possible side reactions (Figure 

5.4). A computer program (Appendix 6.4) was developed to 

evaluate the rate constants and orders of reaction based on 

methods outlined in Chapter 4. The results obtained using the 

proposed reaction network (Figure 4.1) shows excellent agreement 

between the experimental points and the predicted curves (Figures 

3.18-3.21 and Table 4.1). 

The formation of M1T from MDC (Figures 3.18-3.21) was time 

dependent and was not affected by the concentration of the 

latter, suggesting a zero order kinetics. Evaluation of the order 

of reaction using the kinetic model confirms this (Table 4.1). 

Since several possible side reactions occur in aqueous solutions 

involving MDC and other products of degradation (Figure 5.4), 

all unquantified products were treated together (D). The evalua­

ted orders of reaction for these products suggests that the reac­

tions are either changing in characteristic all the time or that 

the formation of the products is dependent upon time (Table 4.1). 
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Thus the proposed kinetic model for the degradation of 

dazomet (I) assumes that the many reactions in aqueous solu­

tion involve the primary degradation product MDC. Hence, the 

other products of degradation which may influence the stability 

of MDC are also expected to affect the stab il ity of dazomet 

(I) indirectly. 

Degradation of dazomet (I) in the presence of MOC (Table 

4.4), while not having much effect on the forward reaction to 

fonn MDC, causes nearly two fold increase in the rate of reverse 

reaction. A similar effect was observed in the presence of a 

nitrogen rich environment (Table 4.2), which would result in 

greater stabilisation of MOC, if it is assumed (see later) that 

its decomposition is primarily an oxidative process. Further 

evidence is provided by degradation in the presence of an oxy­

gen rich environment (Table 4.2) which shows that the rate of 

reverse reaction is greatly reduced with the highest effect 

being observed at higher pH. 

The other products of degradation, namely carbon disulphide 

and methylamine do not affect the rate of reverse reaction (Table 

4.4). This is also reflected in the amounts of MOC formed in 

the presence of these products (Figures 4.4 and 4.5, respectively), 

which shows very little change or a slight decrease in the maximum 

amounts formed. NIT may have a small effect however, since the 

rate of reverse reaction (Table 4.4) and the maximum amount of MOC 

produced (Figure 4.3) were higher. The formation of MIT is depen-
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H 5 
11 

i ) CH3 - N - C - 5 • CH3 - N = C = 5 + H5 
(MDC) (MIT) 

i i ) 1 MIT + OH + 5 MDC +"2 02 --< .•••. 

H 5 5 H 
I 11 11 I 

iii) 2MDC ~,CH3 - N - C - 5 - 5 - C - N - CH3 + 2e 

(DMTD) 
1 DMTD + - 02 ~ 2M1T + H20 + 25 
2 

iv) 2MDC + H25 + M1T + i 02 ---+ DMTD + OH 

v) 

H 5 H 
I 11 I 

vi) MIT + CH2NH2 ---i» CH3 - N - C - N - CH 3 
(DMTU) 

vii) 2M1T + H25 -- DMTU + C52 

FIGURE 5.4 Chemical reactions associated with the 
decomposition products of dazomet (I) 
in aqueous solutions 
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dent upon the oxygen content of the solutions. When dazomet (I) 

was degraded in an oxygen rich environment, the amount of M1T 

formed was nearly four times the concentration obtained under 

a nitrogen rich environment (Table 3.4). The oxygen content of 

the solutions also affected the formation of sulphur. Solu­

tions of dazomet (I) in either distilled water or phosphate 

buffer when incubated for long periods, showed the presence of 

sulphur (Figure 3.22). However, no sulphur was detected when 

dazo~et (I) was degraded in a nitrogen rich environment (3.1.8). 

This indicates that in a limited oxygen environment with suffi­

ciently high concentrations of M1T and sulphur, MDC may be 

reformed in an equilibrium reaction (Figure 5.4(ii)). 

The effect of pH on the degradation of dazomet (I) under 

these conditions showed that, as with normal conditions (Table 

4.1), the rate of degradation of dazomet (I) under either oxygen 

or nitrogen rich environments (Table 4.2) was high at pH 5 and 

was affected very little or only decreased slightly at pH 6 and 

7, increasing again at pH 7.5. The increase in the rate of 

degradation at pH 7.5 was more pronounced under an oxygen rich 

environment, while at pH 5.0 the increase was more pronounced under 

a nitrogen rich environment. 

These studies suggest that the decomposition of the primary 

degradation product MDC, at least in basic solution, is primarily 

an oxidation reaction Figure 5.4(ii)). Further evidence is provi­

ded by faster increase in pH of dazomet (I) solution in distilled 
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water when air was passed through it compared with solutions 

just left exposed to air (3.1.8). 

The effect of oxygen on the rate of decomposition of Na-MDC 

in aqueous solutions was first observed by Turner and Corden (1963). 

However, no details were given on the possible oxidation mechanism. 

It has been suggested that at pH 9.5, studied by Turner and 

Corden (1963), the formation of MIT by oxidation of MDC (Figure 

5.4(ii)), involves an intermediate equilibrium reaction (Figure 

5.4(iii)) which results in the formation of DMTO (Joris, Aspi11a 

and Chakarbarti, 197Db). The presence of such an equilibrium 

suggests that MIT will be formed only after the appearance of 

DmD. Also the amounts of MIT produced will be much greater. 

Present studies show that DMTD may be formed from MDC early in 

the reaction, and in large quantities, only at pH greater than 

7. Hence at pH 7.5 (Figure 3.21), MDC appears to degrade readily 

and the maximum amount detected is much less compared with 

lower pH's (Figures 3.18-3.20). However, this does not result 

in increased formation of either MIT or methylamine (see later), 

suggesting that the oxidation reaction leading to the formation 

of DMTD (Figure 5.4(iii)) from MDC must be important. DMTD may 

also be produced from MDC in an alternate mechanism involving MIT 

and hydrogen sulphide (Figure 5.4(iv)). However, MIT forms quite 

late in the reaction (Figure 3.21) and hydrogen sulphide was not 

detected in any of the studies (3.1.8). Hence, the oxidation reac­

tion involving hydrogen sulphide is not considered to be significant 
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under these conditions. Further oxidation of DMTD, according 

to Joris, et al (1970b), should result in an increased produc­

tion of MlT. However, the total amount and the rate of MlT 

produced was similar at all pH's studied (Figures 3.18-3.21). 

This suggests that further oxidation of'OMTD is not favoured. 

However, DMTD is not very stable (Thorn and Ludwig, 1962) and 

degrades readily to form MDC (Table 3.2). This is also reflec-

ted in greater stabilisation of MDC with longer .incubation periods 

at pH 7.5 (Figure 3.21), compared with lower pH's (Figures 3.18-

3.20). Hence, DMTD may be formed from MDC in an oxidation reac­

tion at pH 7.5; however, further oxidation leading to the forma­

tion of MlT may result directly from MDC (Figure 5.4(ii)) and 

the intermediate equilibrium involving DMTD (Figure 5.4(iii)), 

as suggested by Joris, et al (1970b), may not be significant 

under these conditions. 

The reactions of dazomet (1) at pH < 7.5, which were consi­

dered previously, are also dependent on the oxygen content of 

the solution (Table 3.4), and are thus considered to be primarily 

oxidation reactions (Figure 5.4(ii)). DMTD was detected at all 

pH's, but it appears only after long incubation periods, sugges­

ting that reaction (iii) (Figure 5.4) is not significant. Also, 

the formation of DMTD in significantly large quantities would 

result in greater stabilisation of MDC as in the case of pH 7.5 

(Figure 3.21), however, at pH < 7.5, MDC degrades much faster 

(Figures 3.18-3.20). 
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Previous studies (Turner and Corden, 1963; Joris, Aspilla 

and Chakraba rti, 1970b) have shown that when MDC is degraded in 

acid conditions, hydrogen sulphide is formed (Figure 5.4(ii)). 

However, in the present studies at pH 5 and above, no hydrogen 

sulphide was detected (3.1.8). Its absence may be partly due 

to formation of DMTD in an oxidation reaction (Figure 5.4(iv)) 

or due to the formation of N,N'-dimethylthiurea (DMTU) in a 

reaction involving MIT (Figure 5.4(vii)). DlHU was identified 

in the degraded sample of da'zomet (Plates 3.1-3.2 and Table 

3.1). However, MIT and methylamine are both present in a degra­

ded sample of dazomet (I), and may also react together (Figure 

5.4(vi)) to form DMTU (Moore and Crossley, 1955). Hence, the 

formation of DMTU may result from any of these reactions. 

At pH 5.0, an additional mechanism of degradation may be 

involved, since the rate of degradation of dazomet (I) was high 

even in a nitrogen rich environment, (Table 4.2). More than one 

mole of methylamine was released per mole of dazomet (i) degra­

ding (an effect which was not observed at higher pH), suggesting 

that the extra methylamine arises from the splitting of the MDC 

molecule itself (Figure 5.4(v)). 

The observed shift in mode of decomposition of the primary 

degradation product MDC, is similar to the change in oxidative to 

acid decomposition that occurs with disodium ethylenebisdithio­

carbamate or nabam (Table 1.1), as the pH is lowered (Ludwig and 

Thorn, 1962). The evaluated orders of reactions for the formation 
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of all the products which were not quantified, also confirms 

this change in the mode of decomposition (Table 4.1). 

So far the reactions of MDC in aqueous solutions have been 

considered and indicate that the stabi1ities of MDC and dazomet 

(I) are interdependent at various pH's studied. However, studies 

on the effect of temperature (Table 4.3) on the rate of dazomet 

(I) degradation, shows an increase of nearly twenty times for 

temperature increase from 370 to 550c,whi1e for an increase in 

temperature from 250 to 370 C the increase in the rate was of the 

order of two times. These increases in the rates due to tempera­

ture are in accordance with the Arrhenius law (Figure 4.7). 

Hence, temperature is the critical factor responsible for the 

stability of dazomet (I) in aqueous solution, while pH has very 

little direct effect, but may influence the stability indirectly 

through reactions involving MDC. 

In the degradation studies on dazomet (I) in phosphate buffers 

described previously, only one concentration (6.2 mM) was studied. 

To study the effect of microorganisms on the degradation of 

dazomet (I) in minimal salts media, lower concentrations (3.1, 

0.6 and 0.3 mM) as well as aerated conditions, were used. Under 

these conditions the decay curves for dazomet (I) show charac­

teristic exponential form and tend towards completion (Figures 

3.23-3.38). Hence, concentration must be the critical factor 

since the degradation of dazomet (I) under oxygen rich environ­

ments, which was discussed previously (Table 4.2), showed good 
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pseudo-first order fitting. The decay curves at lower concentra­

tions were found to fit first order kinetics. The evaluated rate 

constants and half lives (Table 4.5) show that under each 

concentration studied, the presence of microorganisms has either 

no effect or may cause a very slight increase in the rate of 

degradation. The calculated rate constants at these concentra­

tions also show that the stability of dazomet (I) increases with 

higher concentrations in the solution (Table 4.5), and, as with 

degradation in phosphate buffers (Table 4.3 and Figure 4.7 ), the 

stability of dazomet (1) is greatly reduced at higher temperatures, 

such that for an increase in temperature from 300 to 370 C, the 

corresponding increase in rate of degradation was nearly two 

times. 

The conclusions derived from the study of dazomet in aqueous 

solutions may be useful for efficient use of the compound in field 

applications as a fumigant. MIT is regarded as the active con­

stituent in its use as a soil fumigant (Helling, Kearney and 

Alexander, 1977; Kaufman, 1977; Cremlyn, 1979). However, several 

other products, both volatile and non-volatile, have been reported 

to be formed in the soil which may affect the activity as a fumi­

gant. This is expected considering the complex nature of soils, 

which will introduce such factors as temperature, pH, moisture 

content, as well as soil microorganisms and adsorption of com­

pounds on soil particles. 

There does not appear to be microbial involvement in the degra­

dation of dazomet (Munnecke and Martin, 1964), thus confirming the 
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present findings (Table 4.5). 

It has been suggested that methylaminomethyl dithiocarbamate 

forms in aqueous solutions (Vacek and Flegr, 1964) as well as 

in soil (Kaufman, 1977; Horthing, 1979). However, in aqueous 

solutions such a compound is expected to exist as free dithio­

carbamate and methylamine. HPLC studies on the degradation of 

dazomet confirm this, since both MDC and methylamine are produced 

in increasing concentration with time (Figures 3.18-3.21). In 

soils hOl~ever, such a compound could be formed, but due to vola­

tile nature of methylamine, the concentrations produced are not 

expected to be significant; besides the fact that the compound 

is unstable and has been sugges ted to degrade eas ily to form 

methylamine, hydrogen sulphide and MIT (Kaufman, 1977). As 

discussed previously, methylamine and hydrogen sulphide are con­

sidered to.be important reactions only below pH 5 (Figure 5.4). 

Also the formation of these products will be favoured only in 

low oxygen and high acidity environments. 

Another product which has been isolated is a triazine, . 

1,3,5-trimethylhexahydro-s-triazine-2-thione (Drescher and Otto, 

1968). The product which has been isolated from sandy soil, in 

which dazomet degrades slowly, is a condensation product invol­

ving DMTU, formaldehyde and methylamine. However, this reaction 

is unlikely in soils which contain higher moisture content; 

since addition of clay to sandy soils (thereby increasing the 

moisture content) results in increased production of MIT (Munnecke, 

Martin and Moore, 1967). The decreased amount of MIT produced in 
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sandy soils may be due to its reaction with methylamine to form 

DMTU (Figure 5.4(vi)). Hence, in the presence of sufficient 

amounts of DMTU, the reaction which leads to the formation of 

the triazine may be important. 

In soils treated with dazomet, detectable amounts of hydro­

gen sulphide have also been reported, but not at high enough 

concentrations considered to be toxic (Munnecke, Domsch and 

Martin, 1962). The bioassay technique used by these authors, 

which involved passing of air through columns of soil and assay-

i ng the fungitoxi city of the evol ved gas, sugges ts that under 

these conditions of aeration, oxidation reaction leading to the 

formation of MIT and sulphur (Figure 5.4(ii)) will be important, 

as discussed previously. Hence, the little hydrogen sulphide 

produced may be due to the reduction of sul phur in the soil by 

microorganisms (Lukens, 1971). Thus, the oxidation reaction which 

forms MIT and sulphur (Figure 5.4(ii)) should result in an increase 

in soil pH. This was observed in soils treated with dazomet 

(Munnecke, Martin and Moore, 1967). 

It has been suggested that methylamine, hydrogen sulphide and 

formaldehyde may react together to form additional products, 

which in turn degrade to form carbon dioxide, ammonia, sulphur 

dioxide and water (Kaufman, 1977). However, fluorimetry studies 

failed to show any presence of ammonia. Similarly, formation of 

sulphur dioxide is not considered significant since it was not 

detected. Any side reactions which result in the formation of 
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sulphur dioxide should cause a reduction in pH when produced in 

significant quantities; but in the present studies an increase 

in pH was always observed in aqueous solutions of dazomet. 

Similarly, treatment of soil with dazomet also results in an 

increase in pH (Munnecke, Martin and Moore, 1967), suggesting 

that these reactions are not significant. Further evidence is 

shown by observations that fungitoxicity of vapours released 

from dazomet can be accounted for in terms of the total MIT 

produced (Munnecke, Domsch and Eckert, 1962). It has also been 

suggested that MIT may react with water to form carbon dioxide, 

hydrogen sulphide and methylamine (Kaufman, 1977). The reactions 

which result in the formation of hydrogen sulphide and methylamine 

from MDC have already been considered previously (Figure 5.4) and 

are not considered to be significant above pH 5. Hence, the 

suggested reaction of MIT with water leading to the formation of 

hydrogen sulphide and methylamine are not likely to occur; they 

may be important below pH 5, and may involve MDC directly and not 

MIT. 

The effect of temperature, pH and soil moisture content on 

the degradation of dazomet in soil has been studied previously 

(Munnecke and Martin, 1962; Munnecke, Martin and Moore, 1967). 

These studies confirm the present findings that all these factors 

are important in the overall stability of dazomet. However, they 

do not consider the initial factors which are responsible for the 

splitting of the molecule itself. Also other factors such as con-
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centration and aeration have not been considered. 

Present findings show that degradation of dazomet in 

aqueous solution is mainly temperature dependent and pH has 

very little effect. In soil.however, moisture content may be 

the limiting factor but the critical factor resulting in the 

maximum breakdown is expected to be high soil temperatures. 

Further degradation resulting in the formation of MIT from MDC 

is dependent on pH as well as oxygen content. Hence, at more 

basic soil pH and increased aeration, the amount of MIT produced 

will be highest. Oxygen content of the soil will also be 

influenced by soil moisture content, since under saturated soil 

conditions less MIT may be produced due to decreased aeration. 

Dazomet is more stable at high concentrations; and this coupled 

with saturated soil conditions, will lead to greater stability 

and hence slower decomposition rates. 

Biological Studies on Dazomet, MDC, MIT and Formaldehyde 

The stability of dazomet in aqueous solutions has already 

been considered. These studies suggest that dazomet is present 

as an open ring structure (dazomet (I)), which further decomposes 

to MDC with a total release of two moles of formaldehyde (Figure 

5.2). Subsequent reactions of MDC to form MIT and other products 

of degradation were also studied (Figure 5.4). Since most biolo­

gical studies involving dazomet (I) were carried out in minimal 
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salts media at pH 6.4 and under aeration, oxidation reactions 

(Figure 5.4(ii),(iii)), which result in the formation of MIT 

and DMTD must be considered important in the overall toxicity 

of the compound. 

The MIC of DMTD against various fungi was found to be twice 

that of MDC (Klopping and van der Kerk, 1951), and due to its 

monomeric nature was suggested to decompose in solution to form 

two molecules of MDC. Present studies also indicate that pure 

samples of. DMTD are unstable and decompose readily to form MDC 

(Table 3.2). Hence the biological activity of DMTD was not 

investigated. Also carbon disulphide, the other potential toxi­

cant was not studied because as discussed previously, the reac­

tion which leads to its formation (Figure 5.4(v)), is favoured 

below pH 5. Similarly sulphur which is produced by the oxidation 

of MDC (Figure 5.4(ii)) can show toxic action. However, its 

toxicity depends on participation in cellular oxidation-reduction 

reactions to produce hydrogen sulphide (H2S) (Lukens, 1971), which 

may also be produced from MDC in acid conditions (Figure 5.4(i)). 

But, no H2S was detected in the present studies (3.1.8). This may 

be due to either the limits of the detection technique, or as dis­

cussed previously, due to the formation of DMTU (Table 3.1) by 

reaction with MIT (Figure 5.4(vii)). DMTU may also be formed by 

the reaction between MIT and methylamine (Figure 5.4(vi)). 

Dazomet (I), formaldehyde, MDC and MlT, the main components 

of the degradation mixture, were thus studied for their biological 
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acti vity. The other degradation products such as DMTU are non­

toxic, while H2S and carbon disulphide are toxic only at very 

high concentrations (Clarke and Shepherd, 1965; Ludwig and 

Thorn, 1962), and are hence not considered important in the 

biological activity of dazomet (I). 

A comparison of the activity of dazomet (I), Na-MDC, 

formaldehyde and MIT in terms of minimum inhibitory concentra­

tions (MIC's) (Table 3.5), shows that both dazomet (I) and Na-MDC 

are equally toxic and show similar spectrum of activity. They are 

both relatively more toxic against Gram-positive organisms com­

pared with Gram-negative organisms. The biological activity of 

dazomet has been ascribed to its decomposition products in solu­

tion (Goksoyr, 1964). Studies on the stability of dazomet (pre­

viously considered) show that it is unstable, particularly at low 

concentrations. Hence, at concentrations such as those used for 

MIC determinations, the degradation reaction is expected to go to 

completion within few hours of incubation (Table 4.5). This should 

result in the formation of one mole of MDC and two moles equivalent 

of formaldehyde (Figure 5.2). Further decomposition of MDC to MIT 

under these conditions would be favoured by oxidation reaction 

(Figure 5.4(ii)). Thus, the concentrations of formaldehyde and/ 

or MIT produced at MIC value of both dazomet and MDC should account 

for their biological activity. The concentration of formaldehyde 

which is expected to be produced when dazomet (I) degrades com­

pletely, is toxic enough to explain its activity against Gram-
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negative organisms, but not against the Gram-positive organisms 

and fungi. Whereas the expected concentrations of NIT produced 

are toxic enough to explain the activity of both dazomet and 

Na-MDC against Gram-negative organisms and fungi, but not Gram­

positive organisms. Hence, the activity of dazomet (I), at 

least against Gram-positive organisms cannot be explained in 

terms of the expected degradation products. 

This suggests one possibility that both dazomet and MDC may 

act by a similar mode of action. The higher activity of the 

compounds compared with their degradation products may be due 

to the ability of both compounds to form metal complexes (see 

later) which may penetrate the cells easily and exert their action 

by degrading to form MIT and formaldehyde which may be toxic 

intracellular1y. The antibacterial activity of Taurolin, for 

example, may be due to the release of formaldehyde intracellu1arly 

(Myers and A11wood, et a1, 1980). However, in the case of 

dazomet (I) and MDC the proposed 1:1 metal-dazomet (1)/MDC com­

plexes may combine with cellular reactive sites and form the 

stable 1:2 type of complexes which are toxic (see later), in which 

case the acti vity of the compounds wi 11 not depend on further degra­

dation. This is confirmed by the observation that fresh solutions 

of dazomet (1) and MDC show maximum inhibition of oxygen consump­

tion against B.licheniformis (Figures 3.39-3.42) and S.cerevisiae 

(Figures 3.48-3.49) at. the same concentrations as the MIC values 

(Table 3.5). Cell growth was also inhibited at these concentrations 

immediately after incubation (Figures 3.61-3.62), suggesting that 
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the activity does not depend on the degradation products. 

Formaldehyde which could be released from dazomet (I) mole­

cules (Figure 5.2) immediately after being taken up by the 

ce1\ also has no significant effect on the overall inhibitory 

effect. This is reflected in similar spectrum of activity and 

toxicity due to both dazomet (I) and MDC in terms of mc values 

(Table 3.5), oxygen consumption inhibition (Figures 3.39-3.42 

and Figures 3.48-3.49) and growth inhibition studies (Figures 

3.61-3.62) . 

Both dazomet (I) and MDC show similar reactions in minimal 

salts media. They form precipitates at concentrations above 

MIC's in the presence of all microorganisms tested (Plates 3.3-

3.4). This indicates that both compounds react with some consti­

tuent of the media at high concentrations. The effect was only 

observed some time after incubation as is shown by growth inhi­

bition studies (Figures 3.61-3.63). It was not due to either 

formaldehyde or MIT which would be formed in the media after long 

incubation times. Both formaldehyde (Plate 3.5 and Figure 3.64) 

and MIT (Plate 3.6 and Figure 3.63) show no such effect in presence 

of cells even at high concentrations and after long incubation 

periods. 

The precipitate in the solutions may be formed due to highly 

insoluble nature of sulphur (Lukens, 1971), which may be produced 

in an oxidation reaction involving MDC (Figure 5.4(ii)). However, 

it is unlikely that at concentrations just above MIC values, the 
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amount of sulphur produced will be sufficient enough to account 

for the observed precipitation. This is confirmed by the 

observation that for Gram-negative organisms, for example, which 

have slightly higher MIC values compared with other organisms, 

the precipitation was still observed at concentrations just 

above MIC values (Table 3.5). 

An alternative possibility for the presence of the precipi­

tate may be due to the formation of insoluble metal complexes 

by the reaction of dithiocarbamates with various heavy metal ions 

(Goksoyr, 1955). Spectral studies of Na-MDC in minimal salts 

media containing zinc (11), ferrous (11), manganese (11) and 

magnesium (11) ions required for optimum growth of microorganisms 

(Figure 3.69) indicates such a possibility. However, the formation 

of complexes by any chelating agent depends on complex strengths 

and solubilities. 

Mellor and Maley (1948) showed that for a number of chela­

ting agents, essentially the same order of stability is obtained 

for meta 1 s: Pd > cl-t: > Ni > Co > Zn > Cd > Fe2+ > ~ln > Mg. 

This observation is in good agreement with the series given by 

Malatesta (1941) and Eckert (1957) for metal dithiocarbamate 

complex strengths and solubilities. Hence in the minimal salts 

media containing various metal ions, the formation of the complexes 

would be: first the formation of 1:1 zinc-MDC at lower concentra-

tions of Na-MDC, followed by 1:2 zinc-MDC complex; secondly the 
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formation of 1:1 ferrous-MDC complex at lower concentrations 

of the excess MDC, followed by 1:2 complex; and similarly 

for manganese (11) and magnesium (11) ions, respectively. 

The spectral studies (Figure 3.69) show that in the presence 

of Na-MDC, a peak appears at 324 nm and increases in intensity 

at higher concentrations. However, when the concentration of 

Na-MDC exceeds twice the concentration of Zn (11) ions, the 

intensity of the peak increases to a much higher level. This 

suggests a switch-over from the 1:1 zinc-MDC complex to the 

1:2 complex. Similarly, the formation of other metal complexes 

is expected when the excess MDC in the solution, after comp1exa­

tion exceeds the concentrations of each of the metal ions Fe (11), 

Mn (11) and Mg (11) by a factor of two. At very hi gh concentra­

tions of MDC the peak intensity decreases, possibly due to 

insolubility of metal complexes. Preliminary investigations 

(Figure 3.70) indicate that this effect may be due to Mg (11) 

ions. In the presence of Mg (11) ions alone in the media (Figure 

3.70), the enhancement of the 324 nm peak is observed when the 

Na-MDC concentration exceeds ~lg (11) ions by a factor of two. 

At a little higher concentration the intensity of the peak 

decreases slightly, indicating that the effect may be due to 

the insoluble 1:2 magnesium-MDC complex. 

To summarise therefore, both dazomet (I) and ~1DC show simi­

lar reactions in ·aqueous media containing full complement of metal 

ions required for the growth of microorganisms (Plates 3.3-3.4 and 

Figures 3.61-3.62). UV studies (Figures 3.69-3.70) suggests this 
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to be due to the formation of an insoluble 1:2 metal-MDC/ 

dazomet complex. This confirms the suggestion that the 

dithiocarbamate group is important in the open ring form of 

dazomet in aqueous solutions (Figure 5.2). 

The antimicrobial activity of dazomet (I) and Na-MDC in 

terms of MIC values (Table 3.5) suggests their activity to be 

similar. However, their activities against human KB cells 

(Table 3.6) show that the toxic concentrations in the presence 

of dazomet (I) are considerably less than Na-MDC. While toxi­

city of both formaldehyde and M1T is comparable to that of dazo­

met (I). Under the conditions of incubation, it is expected 

that all or most of dazomet (I) will degrade (Table 4.5) to 

release two moles equivalent of formaldehyde and one mole of 

14DC (Figure 5.2). However, the concentration of the latter in 

the media is not sufficient enough to explain the toxicity of 

dazomet (I), but the concentration of formaldehyde produced is 

toxic enough on its own to account for the activity of dazomet 

(I). This suggests that MDC is stable under the conditions of 

incubation and does not decompose further to produce the toxic 

14IT (Fi gure 5.2). Si nce these s tudi es were conducted under car­

bon dioxide rich environment and at relatively basic pH, MDC is 

stabilis.ed and the expected decomposition does not occur. 

Although Na-MDC was found to be relatively less toxic com­

pared with dazomet (I) and MIT, all three compounds are toxic 

towards KB cells at sub-inhibitory concentrations (Plates 3.9, 
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3.8 and 3.ll.respectively}. This 11as shown by morphological 

changes from normal squamous (Plate 3.7) to rounded forms, as 

well as a reduction in the number of living cells. This suggests 

that the compounds may act on the components of the cell mem­

branes either by forming metal chelates, as in the case of 

dazomet (I) and MOC; or by direct action on the sulphydral 

and amino groups of the cell, as in the case of rHT (see later). 

However, formaldehyde showed a slight stimulatory effect on 

the cells at sub-inhibitory concentrations (Plate 3.10). 

Although potentially toxic at high concentrations, formaldehyde 

is also a normal metaboltte of biological systems and there are 

biotransformation mechanisms available in man which can meta­

bolise formaldehyde to formic acid and thence to carbon dioxide 

and I'later (rleely, 1964). Hence, at low concentration the stimu­

latory effect on KB cells (Pla:e 3.10) may be due to its parti­

cipation in some cellular metabolic activity. 

The relative activities of dazomet (I), l'iDC, mT and forma­

ldehyde as studied by mc determinations against bacteria and 

fungi (Table 3.5) and activities against KB cells (Table 3.6), 

are good indicators of the overall toxicities of the compounds, 

especially when longer incubation times are considered as in 

these studies. However, they do not provide any answers about 

the toxicities of the specific molecules themselves without much 

interference fror.l other products of degradation. 
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The relative activities of undegraded dazomet (I) and 

IJa-f-1DC as well as that of formaldehyde and MIT was compared 

by their-by their inhibitory activities on oxygen consump­

tion. An oxygen electrode was used as a model system for 

respiration of D-g1ucose or sodium succinate by B.licheniformis 

and S.cerevisiae (Figures 3.39-3.51). This method has an 

advantage due to its rapidity (within minutes) of assay. While 

other commonly used techniques in the studies of dithiocarba­

mates, and which require longer incubation periods, such as 

spore germination tests (Dimond, 1941; van der Kerk and 

Klopi ng, 1952; Goksoyr, 1955), grOl~th responses (Kaars 

Sijpesteijn, 1952 and 1954), substrate utilisation (Sisler 

and Cox, 1955; Goksoyr, 1955 and 1964) and radiorespirometric 

technique (Domsch and Corden, 1973b), leave considerable doubt 

as to whether the compounds acted in their original form through­

out the duration of the experiments. 

The respiration of D-glucose by B.licheniformis in the pre­

sence of dazomet (I) and Na-t1DC (Figures 3.39 and 3.41) shows 

an unusual phenomenon \~hich \~as first demonstrated by Dimond et 

al (1941) for spore germination tests with tetramethy1thiuram 

disulphide. The response is characterised by a first zone of 

inhibition, followed by a reduction of percent inhibition with 

increasing dose of the inhibitor, and at further increase of 

concentration - by a second zone of very little change or a 

slightly increased inhibition. This effect was also demonstra­

ted for oxygen consumption inhibition using Warburg apparatus 
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(Figures 3.52-3.53). The concentrations of dazomet (I) and 

Na-~1DC which cause maximum inhibition corr.esponds to the for­

mation of the 1:1 zinc-dazomet (I)/~1DC complex, which was 

discussed previously (Plates 3.3-3.4 and Figure 3.69). Higher 

concentrations of the compound which probably results in the 

formation of the insoluble 1:2 zinc-dazomet (I)/t·mC complex, 

corresponds to a reduction in inhibitory activity, and suggests 

that the cells are less susceptible to the 1:2 complex. 

The reduced activity of dazomet (I) and HOC at concentra­

tions which form 1:2 metal-dazomet (I)/HOC complex is similar to 

the phenomenon of 'concentration quenching' observed for 8-

hydroxyquinoline (Albert, 1979) and Phanquone (Husseni and 

Stretton, 1980). The mode of action of these compounds against 

Gram-positive organisms, for example, is thought to be due to the 

formation of toxic 1:1 or 1:2 complex, while in the presence of 

excess compounds, a 1:3 non-toxic complex is formed which is 

harml ess because of saturation. 

The zone of reduced activity also corresponds to the forma­

tion of Fe (11) and Mn (11) ions in the media, however, since 

their formation is not reflected in additional zones of inhibi­

tion at the respective concentration, both these metal ion com­

plexes are considered to be less effective inhibitors of glucose 

respiration under these conditions. At higher concentrations of 

the compounds which would probably correspond to the formation of 

1:1 magnesium-dazomet (I)/~10C complexes, 1 ittle change or slight 
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increase in inhibition is observed, suggesting that 11g (11) ions 

are also less effective compared with zinc (11) ions. Since 

only one peak of inhibition was observed corresponding to 

the formation of 1:1 zinc-dazomet (I)/I·mC complex, it is 

possible that the toxicity at low concentration could be due 

to chelation of essential metals rather than the complex itself 

participating in producing the toxicity (Horsfall, 1956). How­

ever, in the absence of zinc (11) ions, very high concentrations 

of Na-/tDC are required to show any inhibitory activity on 

Fusarium oxysporum f.sp lycopersici (Domsch and Corden, 1973a), 

suggesting that zinc (11) ions act synergestically at low con­

centrations of Na-MDC. 

The effect of both dazomet (I) and tla-~mC on glucose res­

piration by S.cerevisiae (Figures 3.48-3.49) also shows maximum 

inhibition at concentrations which correspond to the formation 

of 1:1 zinc-dazomet (I}/HDC complex. However, with increasing 

concentration which would result in the formation of the insoluble 

1:2 zinc-dazomet (I)/t4DC complex, the reduction in activity is 

more pronounced than in the presence of B.licheniformis (Figures 

3.39 and 3.41). At slightly higher concentrations of the chela­

ting agent which probably corresponds to the formation of 1:1 

ferric-dazomet (I)/~tDC complex, an enhanced inhibitory effect 

is observed compared with B.licheniformi! (Figures 3.39 and 3.41). 

Further increase in concentrati on of either dazomet (I) or Na -~1DC 

results in little change or slight increase in inhibition, corres-
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ponding to molar ratios which would be required for the forma-

t ion of manganese-dazomet (I )1t'10C comp1 ex. At higher concen­

trations still, which probably corresponds to the formation of 

1:1 magnesium-dazomet (1)/t·1DC complex, slightly further increase 

in inhibitory activity is observed. At concentrations which may 

form 1:2 magnesium-dazomet (I)/MOC complex little change or 

slight decrease in inhibitory activity is observed. Hence, the 

activity of both dazomet (I) and ~1DC in minimal salts media 

can be accounted for in terms of the metal ions present. 

The effect of dazomet (I) and Na-MOC on succinate respira-

tion by B.1icheniformis (Figures 3.40 and 3.42) also shows 

maximum inhibition at equimo1ar concentrations which lead to the 

formation of 1:1 zinc-dazomet (I)/MOC complex. Higher concen­

tration results in a decrease in activity, suggesting that the 

insoluble 1:2 zinc-dazomet (1)/~1DC complex is ineffective. At 

concentrations which correspond to the molar ratios required to 

form 1:1 and 1:2 ferric dazomet (I)/MOC complexes, further decrease 

in inhibitory activity is observed, suggesting that Fe (11) ion 

complexes are probably ineffective. With further increase in 

concentration which would probably result in the formation of ~ln (11) 

and Mg (11) ion complexes, respectively, ~1DC (Figure 3.42) shows 

further reduction in inhibitory activity followed by little 

change, while dazomet (I) (Figure 3.40) showed slight increase 

in inhibition. This difference in activity at high concentra-

tions between dazomet (I) and f·mC may be due to structural diff-
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erences (Figure 5.2). A long chain metal chelate of dazomet (I) 

may be more lipid soluble, and hence easily accessible to the 

site of action (Albert, 1979). However, further investigation 

is required. 

Thus the inhibitory activity of both dazomet (I) and Na-MDC 

on glucose and succinate respiration is shown to be maximum when 

1:1 zinc-dazomet (I)/MDC complex is likely to be formed in the 

medium (Figures 3.39-3.42). Studies with other metal dithio­

carbamates (Lukens, 1971; Corbett, 1974) suggest that the 1:1 

meta l-dithiocarbamates, act by interacting with vital thiol-

groups in the cell. Since the oxidation of glucose and succinate 

involves thiol containing pyruvate and succinic dehydrogenases, 

the mechanism of action of 1:1 metal-dazomet (I)/MDC complex 

may be explained in terms of the formation of 1:2 type of com-

plex with the vital groups on the enzymes leading to a blockage 

of biosynthetic steps, An expected consequence of any blocked 

biosynthetic steps would be accumulation of metabol ites occurring 

prior to the blocked steps of synthesis. From studies with N,N­

dimethyldithiocarbamate (DNDC), it has been shown that small 

amounts of pyruvic acid accumulates at concentrations which 

result in the first zone of inhibition (Goksoyr, 1955; Kaars 

Sijpestein and van derk Kerk, 1957). Hence, for pyruvate dehydro­

genase complex, for example, the 1:1 zinc-dazomet (I)/MDC complex 

may combine with the dithiol of lipoic acid, a component of the 

dehydrogenase system, to form a mixed 1:2 metal-dithiocarbamate + 
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dithiol complex. This reaction is very similar to the 'bio­

chemical lesion' site of Arsenic, which has an affinity for 

dithiol group of lipoic acid (Doull et al, 1981). A charac­

teristic of this type of interaction is that their inhibitory 

activity is counteracted by dithiols such as dimercaptopropa­

nol (BAL) and L-cysteine (Stocken and Thompson, 1946). 

The inhibitory activity of dazomet (I) and Na-HDC on 

glucose oxidation (Figures 3.54 and 3.56) and growth of B.lichen­

iformis (Figures 3.65-3.66) was reduced in the presence of 

L-cysteine, suggesting that thiols are probably the important 

sites of action of these compounds. However, the antagonistic 

effect due to L-cysteine on oxygen consumption by B.licheniformis 

was much less when,the cells were pretreated with D-glucose and 

Na-t,IDC was the inhibitor (Figure 3.55), compared wHh dazomet (I) 

(Figure 3.54). This effect cannot be explained in terms of 

substrate acting as an antagonist, since the inhibitory activity 

of Na-t,1DC is not reduced by the addition of D-glucose (Figure 

3.56). This suggests a possibility that some intermediate of 

the substrate metabolism may be acting as a competitor for the 

toxic 1:1 metal-MDC complex. It has been shown that pyruvic 

acid and other a-keto acids may antagonise the inhibitory acti­

vity of or-IDC on the growth of Aspergillus niger in the first zone 

of inhibition which corresponds to the formation of the toxic 

1:1 complex (Kaars Sijpesteijn and van der Kerk, 1957). Hence, 

pretreatment of cells with substrate (Figure 3.55) may result in 
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the fonnation of such intermediates which would protect the 

enzymes by competing for the toxic 1:1 complex. The higher 

activity of dazomet (1) under the same conditions (Figure 

3.54) may be due to structural differences (Figure 5.2), as 

discussed previously. A long chain metal chelate of dazomet 

(1) may be more lipid soluble, and thus easily accessible to 

sites inside the cell. 

The inhibitory activity of rUT on both glucose oxidation 

(Figure 3.57) and growth of B.1icheniformis (Figure 3.67) also 

shows a reduction in activity in the presence of L-cysteine. 

This suggests that the target sites for the inhibitory activity 

may be of,a similar type to that of dazomet (1) and HOC. 

Although the target sites may be the same, MIT reacts with these 

sites by a mechani sm that is different. rUT reacts wi th thio 1 s 

to fonn methy1dithiocarbamic esters (Lukens, 197,1). The forma­

tion of esters was demonstrated in the presence of S.cerevisiae 

(Goksoyr, 1964). However, the effect of MIT on glucose or succi­

nate oxidation by B.1ichenifonnis (Figures 3.43-3.44) or 

S.cerevisiae (Figure 3.51) suggests that the nature of the inhi­

bitory effect is very different compared ~lith dazomet (1) and 

t1DC (Figures 3.39-3.42 and Figures 3.48-3119). At very low con­

centrations of MIT little effect or a slight stimulation of res­

piration is observed, while at higher concentrations, inhibition 

is observed. The observed response is similar to the effect of 

the classical uncoup1er 2,4-dinitropheno1 (ONP) (Figure 3.45). 

Isothiocyanates belong to a class of uncoup1ers which uncouple 

respiration at low concentrations and inhibit respiration at 
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high concentrations (Drobnica et a1, 1974). The uncoupling 

effect may be exerted by a non-specific interaction with cell 

membranes (l1i ko and Chance, 1974). 

The target site of action of formaldehyde is different 

from that of dazomet (I), tmc or mT. Thi s is shown by thei r 

respective activities against microorganisms in the presence 

of L-cysteine. The inhibitory activity of formaldehyde on 

both glucose oxidation (Figure 3.58) and growth of B.1ichenifor­

mis (Figure 3.68) is affected very little in the presence of 

L-cysteine; dazomet, t1DC and ~lIT all show significant reduc­

tion in activities, (Figures 3.54, 3.56 and 3.57; and Figures 

3.65-3.67). However, the activity of formaldehyde on succinate 

oxidation (Figure 3.47) shows a similar effect to that of NIT 

(Figures 3.43-3.44), with a slight stimulation of respiration 

at low concentrations and an inhibition at higher concentrations. 

This effect was not observed for glucose oxidation (Figure 3.46) 

which is inhibited to a greater extent. These observations cannot 

be easily explained due to non-specific action of formaldehyde 

on proteins (Sykes, 1965; A1bert, 1979). However, binding of 

formaldehyde at low concentrations to essential enzymes of oxi­

dative phosphorylation may result in configurational changes 

~/hereby coupling activity is lost and hence stimulation of res­

piration (Figure 3.47). Another possibility which cannot be 

ruled out is that, due to configurational changes in the mem­

brane, more substrate may be able to reach the active sites on 
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the enzyme and hence result in stimulation of respiration. The 

higher inhibitory activity of formaldehyde on glucose oxidation 

compared with succinate oxidation may be due to higher specifi­

city for enzyme(s) involved in oxidation of the former. How­

ever further investigation is required to explain these effects. 

The biological studies considered so far show that dazomet 

(I) as well as its main decomposition products MDC, MIT and 

formaldehyde all have inhibitory action of their own on micro­

organisms. Further evidence for the activity due to dazomet (I) 

is shown by studies involving the assay of the inhibitory acti~ 

vity of predegraded solutions of dazomet (I) on oxygen consump­

tion by B.l icheniformis (Figures 3.59-3.60). The results show 

that the toxicity of the solutions varies according to the ini­

tial concentration of the toxicant and the length of preincu­

bation time. This suggests that the composition of the degra­

dation mixture is important in the overall toxicity of the 

solutions. Comparison of these values with that of estimated 

inhibitions at respective times due to the remaining dazomet (1) 

in the solution (Table 3.7) shows good agreement between the 

points, especially after shorter periods of incubation (Figures 

3.59-3.60). However, the differences are greater at higher 

incubation times. The observed differences in activity may be 

explained in terms of the reactions of dazomet (1) and MDC in 

minimal salts media containing full complement of metal ions. 

This reaction has already been described previously in terms of 
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the toxic 1:1 metal-dazomet (I)/I·mC complex. HOI'/ever, at low 

concentrations of dazomet (1) and I·mc considered here (Table 

3.7), the contribution of other metal ions besides zinc (11) 

ions is not considered important in the overall toxicity of 

the compounds. Hence, with increasing age of dazomet (1) 

solutions, the concentrations of dazomet (I) and/or ~IDC should 

be less than or equal to the molar concentration of zinc (11) 

ions required to form the toxic 1:1 zinc-dazomet (l)/MDC com­

plexes. This effect is clearly shown at both concentrations 

of dazomet (I) studied (Table 3.7; Figures 3.59-3.60). With 

longer preincubation times, the composition of the degradation 

mixture also changes such that higher concentrations of MDC 

are produced (Figures 3.26 and 3.29). This is also reflected 

in greater deviation from estimated inhibition due to dazomet 

(1) alone (Figures 3.59-3.60). Thus, the corresponding decrease 

in inhibitory activity of the solutions at this point may be due 

to the formation of the non toxic 1:2 zinc-dazomet (l)/MDC com­

plex. However, in a mixture containing two dithiocarbamates 

such as dazomet (1) and MDC, mixed 1:2 complexes of the type 

dazomet (I) + MDC may be formed (see Appendix 6.5). Thus the 

decrease in the toxicity of the preincubated solutions may be 

due to the formation of such complexes. The reduced inhibitory 

activity after long preincubation times (Figures 3.59-3.60) could 

also be due to MIT (Figures 3.26 and 3.29) which causes a slight 

stimulation of respiration at low concentrations (Figure 3.43). 

However, it is unlikely that at the very low concentrations of 
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dazomet (1) studied here (Table 3.7) either MIT (Figure 3.43) 

or formaldehyde (Figure 3.46), the other component of degrada­

tion, have any effect on oxygen consumption. 

Thus, dazomet is expected to degrade (depending on con­

centration, temperature, and soil moi sture content) to dazomet 

(1) followed by MDC. Further degradation of MDC will result 

in the formation of MIT and various other products (depending 

on pH, oxygen content, etc). Hence, in the presence of heavy 

metal ions, the initial reactions which result in the formation 

of dazomet (1) and MDC, must be considered to be important in 

assessing its effectiveness as an antimicrobial agent. 
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6. APPENDIX 

6.1 Statistical Analysis of Results and Definitions 

The following standard formulae were used: 

Standard deviation: 

S =.; 1 
N=T 

N 
L 

i = 1 
(x. - X) 2 

1 

Pearson product-moment correlation coefficient: 

N 
L (x. . 1 1 1= r = N 

.; L ( xi 
i = 1 

Column capacity ratio: 

K' = 
t - t 

r 0 

to 

- x)(Yi - y) 

N 
- X)2 L (y . _ y)2 

i = 1 1 
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6.2 Attempted Kinetic Networks for the Degradation of Dazomet 

When dazomet degrades in solution several products may be 

formed including MDC, MIT, DMTD, sulphur, hydrogen sulphide, 

methylamine and DMTU. However, only dazomet (A), MDC (B) and 

MIT (C) were measured. Since several possible side reactions 

may take place involving the other products of degradation 

(Figure 5.4), they were treated together (D). The following 

networks were tried for the degradation of dazomet (A) to B, 

C and D: 

i ) A ... B + C + D 

i i ) A ... B ... C 
~ ~ 

D 

i i i ) A ... B ... C 

" D 

i v) A ... B + D ... C 

v) A ... B + C ... D 

vi) A ... B ... C ..-
" D 

6.3 Integration of the Rate Equations 

The rate of degradation of dazomet may be represented by 

the following equation: 
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(6.1 ) 

where: CA is the concentration of dazomet at time t 

CB is the concentration of N-methyldithiocarbamate 

If CA = initial concentration of dazomet i.e. CA = CA at t =0; 
o 0 

then CB at time t is given by: 

(6.2) 

(6.3) 

At equilibrium, 

o = -K CA + K2 (CA CA ) (6.4) 
1 e 0 e 

Kl CA 
K2 

e (6.5) = 
CA - CA 

o e 

d CA Kl CA 
e 

(CA - CA) (6.6) -or- = -K1CA + C CA Ao e 0 
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Simplifying, and using limits of integration: 

where: 

t 
= K f dt 

o 

Integrating equation (6.7) with specified limits, 

or CA = CA + (CA - CA ) exp (-Kt) 
e 0 e 

------- - - ------

(6.7) 

(6.8) 

(6.9) 

(6.10) 

Rate of formation of N-methyl isothiocyanate is represented by 

the following equation: 

(6.11) 



1-n 
C 3 = 
c 

or 
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t 
= K3 f dt 

o 

1 
1-n3 

(6.12) 

(6.13) 

(6.14) 

Rate of formation of D (all other products not quanti fied) is 

represented by the following equation: 

(6.15) 

(6.16) 

(6.17) 

1 1 

or C [(1 ) K41
1-n4 t 1-n4 

D = - n4 
(6.18) 
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6.4 Computer Program for Fitting a Kinetic Model to the Degradation 

Profl1e of Oazomet USlng Experimentally Obtained Data 
t',AS TEll F I TT I NG 

c •••• TillS'PROGRAM FITI A KINETIC MODEL TO THE DEGRADATION PROFILE * ••• 
Coo .. OF I)AZOtlET US I NG EXPER P,lEIlTALLY OBTA INED DATA. .""" 
G.··· **** 
C"-' THE VALUES OF THE CONSTANTS 11. K2: K3. AND K4 ARE EVALUATED " ••• 
C., •• FO; THE FOLL04ING DEGRADATION SCHEME OF DAZOMET (SIMPLIF[ED): ••• -
C·"·· **** 
c .. *·* 
C·· .. · 
C ...... * 
CAr ••• 

C**'iI'· 

K1 K3 
A,._ B _C - ............. 

K2 ;(4 D 

**** 
**.* 
**** ..*. 
***. 

C.· •• WHERE 
c .. *·* 

A [S OAZOMET • • •• " 
B [5 N-METHVLDITH[OCARBAMATE • • ••• 

C .. • .. • C IS N-IIETHYL\"OTH[OCYANATE , .. ee 
C"**. AND, D IS ALL OTHER PRODUCTS , •• *" 
r. .. "'** ~HIr.H INCUDES I •••• 

C**** N,N'-DIMETHYLTHIURAM DISULPH[DE. METHYLTHIOUREA ETC.*"*. 
c···· -... 
C"" K1 AND K2 ARE EVALUATEO ASSUMING A PSEUDO-FIRST ORDER KINETIC •••• 
C"" RELATIONSHIP. • ••• 
C ..... K3 AND K4 ARE EVAI.UATED ASSlJt4ING A RELATIONSHIP OF 'THE FOR'! I .... 

C·"·- •••• 
C •••• CONCENTRATIUN = (CONSTANT 1) * (TIME •• CONSTANT 2) , .* •• 

C'-'- FOH THE C AND D DATA • 

101 
C .. .,..·* 
C*-""** 
c .. *** 

c··,,·· 

INTEGER IT(11).IWI2) 
REAL T(11).A(11l;R(111.C(11),D(1",AO(11).8D(11).CD(11) 
REAL ADP(11).ADN(11),BDP(11),BDN(11).CDN("),CDP(11) 
PEAL AL(10),AP(11),BPI11).CP(11),Dp(11) 
REAL AERROR(11).BERAOR(11).CERROR(11).OERROR(11) 
P.EAL XK(6) .CC(6) 
HAL RESULT(20) 
REAL X(2).~(110) 
COMMON/BL1/CC.XK/BL~/NPTS.CC8.XKB/BL3/IVALUE/BL4/TiC,D 
DO 110 J=1.4 
LOOP 4 TI'IES TO OPERATE ON 4 SETS OF DATA 
REA D I 1 • 1 ) ~I 
N IS THE NUMBER OF DATA 
READ(1.2)(IT(I).A(I),AD(I).B(I).9D(I).C(I).CO(II;O(I),1:1."1) 
;IHITE(2;3) 
00 101 1=1.N 
WPITEI2;4)IT(I),A(I),AD(I).B(I).BD(I).C(I).CD(I)~D(I) 

CO'ITI'IlIE 
READ AND WAITF THE EXPERIMENTAL DATA 
A,a,C.D A~D AD.HD.CD ARE THE CONCENTRATIONS AND THEIR 
RESPECTIVE DEVIATIONS AT TIME IT 
DO 102 1=1.N 
T(I)=FlOAT(IT(I» 
CONVERTS INTEGER T[ME VALUES TO REAL 
ADP(I)=A(I)+AD(!) 
ADN(I)=A(I)-AOI!) 
BOP (I) =11 (I) +80 (I) 

BDN(l)=B(Il-BD(J) 
COP(I) .• CI1)+COII) 
CO"l(lI=C(t)-CO(J) 
ADD AND Su~TRACT uEVIATIO~S FROM RESPECTIVE CONCENTRATIONS 

* •• * 
• ... * 
•••• 
**** 

* ••• 

•••• 

*.*. 
**** 
**** 

•••• 

...... 
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c ... ••• 
C··.* THE KI~ETIC MODEL USEO FOR A IS OF THE FORM 
c .. "' ... * 
a .. • ... . 
Ca ••• 
c·**. 
C"*.* 
C."'",,,, THUS • 

A = AE + CAI - AEl • EXPCK .. T) 

WHERE • K = -CK1 + K2) 

LOG NATIJRAL CCA-AE1/CAI-AE1) = K * T 

•••• 
•••• 
***. ..*. 
***. 
***. 
**** 
**** c .... • .. .., .*** 

C·· •• SO A PLOT OF T VERSUS LOG NATURAL C(A-AE)/CAI-AE1' • *"'** 
C·"'·* WILL GIVE A STRAIGHT LINE THROUGH THE ORIGIN 7WITH SLOPE K .*.* 
C·.",,,, K IS DBTAINEO BY LINEAR REGRESSION ANALYStS .*.* 
C·· •• K IS NOW CALCULATED USING THE NAG ROUTINE G02CBF •• *. 
C··.", K1 AND K2 ARE CALCULATEU FROM K ."'** 

AE"ACN) 
C**** THE FINAL VALUE OF A IS SET AS THE EQUILIBRIUM VALUE ."'** 

AI"A(1) 
C·"' •• THE FIRST VALUE OF A IS SET AS THE I~ITIAL VALUe *"''''* 

ADI FF=AI-AE 
00 103 1=1.9 
ALCI)=ALOGC(AII)-AE)/AOIFF) 

'03 CONTINUE 
C.*** AL IS THE NATURAL LOGARITHM OF (A-AE)/CAI-AE) **** 

K =1 
00 104 "L=4.9 
CALL G02CRFCL.T.AL.RESULT.Ol 
XKC K) =RESULTC61 

C."'** RESULTC61 IS THE REGRESSION COEFFICIENT **** 
CCC()=RESlJLTCSI 

C.*** RESl/LTCS) IS THE CORRELATION COEFFICIENT **.* 
K=K+1 

104 CONTINUE 
C** •• LINEAR REGRESSION IS CARRIED OUT USING 4 TO 9 POI~TS *"'*. 
Co ••• THE REGRESSION COEFFICIENTS AND THE CORRELAtION COEFFICIENT * ••• 
C .. '.* AT EAC~ PASS IS STOR<D IN ARRAYS XK AND Cc RESPECTIVELY •••• 

CALL CCHAx 
C··.* THIS RETURNS THE VALUE OF THE REST CORRELATION COEFFICIENT. * ••• 
C,·.· eca ; THE RESPECTIVE REGRESSION COEFFICIENT. XKR • AND. .* .. c.· .. nPTS. THE NUMBER OF POINTS USED TO OBTAIN IT * ••• 

XK1=(-XKS*ADIFFl/AI 
XK2=XK1.AE/ADIFF 

C*·.· XK1 AND XK2 ARE THE VALUES OF K1 AND ~2 •••• 
DO 105 1=1. N 
AP(II=AE+ADIFF.EXPCXKR.TCI1) 

e •• ",. AP IS THE PREDICTED VALUE OF A •• *. 
AERRORCI)=ABSCA(II-APCI» c··*. ~~RRnR IS THE DIfFERENCE BETWEEN THE fXPERIMETAL AND PREDICTED ••• -

C··." V~LUE OF ,\ 
~ 05 C Cl ~J TI N U E 

CALL SDEV(AD.N.ADMEAN.SDADl 
Co-., ADMEAN IS THE MEA~ VALUE OF AD 
C··.- SDAD IS THE S.D. OF AD 

CALL SDEVIAERROR~~.EAMEAN.SDAERRI 
C··*" EAMEAN IS THE MEAN VALUE OF AERROR C.· .. SDAERR IS THE S.D. Of AERROR 

l.JRITF.C?,;SI 
WRITEC?';6)CCB.N~TS.XKB.XK1.XK2 
W~!TEC7.;7) 
WRITEC2;8)(ITI!I;ACll.APCII,AERNQRCI).1=1.N) 

*.*11 
*** .. 

** ... .*.11 
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CALL REGPLOTINP7S.XKB.T,AL) 
C** •• THIS ROUTINE PLuTS THE STRAIGHT LINE OBTAINED USING LINEAR •• ** 
C-* •• REGRESSION ***. 
C···· WE NOW CALCULATE K3 tJStNG THE NAG ROUTINE E04FOF **** 
C.*_* THIS ROUTINE EVALUATES THE CONSTANTS CK1 AND CK2 IN THE *.*. 
Co_ •• FUNCTION C = C~1 * TIME *- CK2 8Y MINIMIZING THE SUM OF ***. 
C·· •• SQIJARES ; WHERE X(1) = CKl AND X(Z) = CKZ ***. 

IV,'LlJE=O 
Co-oo WHEN IVALIJE=O THE SUBROUTlNE LSFUN1 CALCULATES RESIDUALS FOR C* •• * 
C-****INITIAL ESTIMATES OF X(1) AND X(2) ARE FOUND BY FITTlNG A 
C_ o ••• STRAIGI1T LINE ALOG(C)=ALOGeXe1»+xe2).ALOGeT) BETWEEN 6 TH AND 
C**·" TilE LAST POINT. SLOPE OF THE LINE IS X(2) AND INTERCEPT GIVES XCI 

DELC=ALOGCC(10»-ALOGeCe6» 
OELT=ALoGeTeIO»)-ALOG(T(6» 
X(2l:0F.LC/DELT 
xell=-x(2).ALOGeT(6»+ALOGeCC6» 
:qi)=Expexel)1 
URITEI2;225)Xll)~XC2) 

~25 FORMAT(1H .'ESTIMATES FOR CARE XCl).',F9.67sx;.xe2)=',F9.6) 
Q •• *. THESE ARE ESTIMATED REQUIRED TO BE INPIJT E04FDF •• ** 

JJ=O 
HAIL=1 
CALL E04FDFeN.2,x.FSUMSQ,IW,2,W,110,I~AIL) 
U(IFAIL.NF..O)GO TO 110 
OJ = 1 • 0 -1 • 0 I X C 2.) 
CK3=X(2)*xCl) •• e1.0/X(2» 

C·*.' CN IS THE ORDER OF REACTION .* •• 
C'.'* CK3 IS THE CONSTANT K3 .* •• 

DO 106 1=1,N 
CPCI)=xe1)*T<ll**X(2) 

C*o •• CP IS THE PREOICTED VALUE OF C ** •• 
C ER j{ 0 RC II = A BSI C ( I ) - C P C Il l 

c*o •• CERROR 15 THE DIFFERENCE BETWEEN THE EXPERIMENTAL AND THE •••• 
C·, •• PREOICTEO VALUE OF C •••• 

11)6 r.O"lTINIJE 
CALL SDEVCCp,N,CDHEAN,SDCO) 

C*·*. CDMEAN IS THE MEAN VALUE OF CD •••• 
C" •• SOGo IS THE S.D. OF CD 

CALL snEVCCERROR1~,ECMEAN,SDCERR) 
C •••• EC/1EAN IS THE MEA~ VALUE OF CERROR *.*. 
C·· •• SDCERR IS THE S.D. OF CERROR .* •• 

W~ITF.e2;11l 
WRITEe2;12lC~,CK3 
WRITECZ;13) 
WRITE(Z;S)(ITII);CCI),CPCI),CERHORCll.I=I,N) 
WRITEe2;9)CDM~AN;SDCO.ECMEAN,SOCERR 

C*-.* WE ~n~ CALCULATE K4 USING THE NAG ROUTINE E04FDF ** •• C·· •• THIS ROUTINE EVALUATES THE CONSTANTS OK1 AND DK2 IN THE .**, 
C,·,. FI1NCTION D= DK1 * TIME •• DK2 BY MINIMIZING THE SUM OF * ••• 
C~·** SQUA~ES ; WHERE X(1) = DK1 A~D XI2l = OK2 ** •• 

G() ·ro 201 
200 WRITEC2;30l1FAIL 

JJ:JFAIL 
.!01 IFAIL=1 

IV.~LUE=1 
C".* WHEN IVALUE=1 • THE SUBROUTINE LSFUNl CALCULATES RESIDUALS ***. 
r-*** FO~ D ***~ 
C··**.INITIAL ESTIMATES OF XII) A~D X(2) AR~ FOUND BY FITTING A 
C**.*~ STRAIGIIT LINf ALOG(C'=ALOG(X(l')+X(2)*AL0G(TI RETWEEN 6 TH AND 
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C**** 

C**** 
C**** 

202 

C*·"· 
c* .. * .... 
C**** 
c·* ... * 
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DELD=ALOG(O(10»-ALOGCDC6» 
X (2) =DELO/DELT 
X(1)=-X(2)·ALOGCTC6»+ALOG(OC6» 
X(1)=EXP(X(1ll 
~RITEC2;23a)X(1);xC2) 
FORMAT(1H .'ESTIMATES FOR 0 ARE XC11=',F9.6;SX;'XCZ>=',F9.6) 
THESE ARE ESTIMATES REQUIRED TO BE INPUT BY E04FDF * .... 
CA L LEO 4 F Il F (N. 2, X • F 5 Ut! S Q, lW, 2 • W, 11 0, I FA 1 L) 
DN=1.0-1,OIX(2) 
OK4=X(2)*XC1)**C1.0/X(2» 
ON IS THE ORDER OF REACTION ..... * 
OK4 IS THE CONSTANT K4 * ... . 
00 107 I=1.N 
DPIl)=X~1)*TII)'''XI2) 
D:> IS TilE PREDICTED VALUE OF D •••• 
DERRORII)=ABSC'CIl-DPII» 
DERROR IS THE DIFFERENCE BETWEEN THE 'EXPERIMENTAL' AND THE •• *. 
PREDICTED VALUE OF 0 * ••• 
CONTINUE 
CALL SOEVIOERROR;N.EDMEAN.SDDERR) 
EDMEAN IS THE MEAN VALUE OF DERROR •• *. 
SDDERR IS THE S.O. OF DERROR * .. ** 
WRlTEC2;14) 
WRITEIZ;1S)DN.DK4 
WRITEC2;111) 
WRITEIZ:S)(ITII),D(I),DP(I).DERROR(I),I=1.N) 
WRITE(2;17)EIlHEAN.S~DERR 
IF(JJ,NE.O)GO TU 110 
GO TO 300 
~RlTE(2;31) IFAIL 
GO TO 110 
USING THE MASS BALANCE EQUATION, B IS NOW PREDICTED USING **** 
THE CALCULATED VALUES OF A • C , AND 0 **** 

**.* 
8 = A I ~ A - C - 0 **** 

c-*** .*** 
:S()O DO 1011 1=1.N 

SP(I'=A[-AP(ll-CP(II-DP(I) 
C*.** BP IS THE PREDICTED VALUE OF B *.** 

OERROR(I)=ARSIB(Il-RP(!» 
G~*** 8ERROR IS THE DIFFERENCE BETWEE~ T~E EXPERlt1ENTAL ANO THE •• *. 
G"'.* PREDICTED VALUE OF D ..... 

108 COfJT I NUE 
CALL SOEV(BD.N.BDfIEAN.SDBD) 

C.*** BDHEAN IS THE MEAh VALUE OF BD *.*. 
c ...... SDBD I S THE 5.1>, OF BD ***. 

CALL SDEVIReRROR~N.EBMEAN,SDBERR) 
C,· •• EBMEAN IS TilE MEAN VALUE OF 8ERROR ***. 
c~* .. * SDSERR IS THE S.D. OF BERROR •••• 

WR!TE(2~18) 
WR1TE(2;8)(IT(I)7B(I),BP(I)~AERROR(I).1:1.N) 
WRITE(2;9)BDMEAN,SDnD.EUMEAN.SDBERR 

C'._* THE MAlll GRAPH IS ~OW PLOTTED *.** 
CUL C1 051 N 

C**** NOllINATE THE GR .. \PH PLOTTER *H* 
CALL AXIPLO(O.200.0.140.0.3.3.10,7~o.n,30o.0,O.O,7.0,'TIME(~INUTES 

1 ) I • 1 3, 'eD hi C • (M ~ r-1 0 L E S) , • 1 4) 
C*··* PLOT TH2 AXIS .**. 

CALL GR~SYH(T;A.N.7.0) 



CHL GRASVM(T.C.N.1.0) 
CALL GQASY~(T.D.N.2.0) 

236 

C···· PLOTS EXPERIMENTAL VALUES OF A. B. C. AND 0 AS SYMBOLS 
DO 109 1=1.1< 
XPT=T(I) 
YPA1 =Anp( Il 
YPA2=AOII( I) 
Y~!l1 =BO[,( I) 

YP~2=B!Hj( I) 

YPC1 =CDP( I) 
Y P C 2 = C D ~j ( 1 ) 
CALL GRAMOV(XPT.VPA1) 
(ALL GRALI~(XPT.VPA2) 
CALL GRAMOV(XPT.VPS1) 
CALL ~RALIN(XPT.Vpa2) 

CALL GR,IMnV(XPT.VPC1) 
CALL GRALIN(XPT.YPC?') 

* ... *. 

CH.-. PI.ors TilE OEVIATIONS OF THE EXPERIMENTAL DATA A. Il. AND C **** 
1 () 9 C (HI TIN IJ F. 

CALL GRACUR(T.APiH) 
CALL GRACUR(T.APi~) 

CALL GRACUR(T.BP~N) 
CALL GR'\CIIR(T.BP;~J) 
CALL GRACUR(T.CP.Nl 
CALL GRACUR(T.CP;h) 
CA L L G R,' C 11 K ( T • D P • tn 
CALL GR,\CIJR(T.OPlN) 

C.·** PLOTS THE PREDICTED VALUES OF A. B. C. AND D AS CURVES **** 
CHL DEVEND 

C-*** CALLS END OF GRAPH PLOTTER **** 
110 COiHPIUE 

1 FOR t1 A T< I 0 ) 
2 FC1RI1AT(IO.7FO.O) 
3 F 0 R 1'\ A T (/ It • 1 H .' THE EX pER Itl ENT A L D 4T A ARE :'. I / .1 H • IT I ME' • 6 X •• A , • 

110X. 'ADi.9X. 'R'.1nX. 'RO'.9X. 'C'.10X;'CO'.9X,'O'./l 
4 F()RIIAT(/,1H .13.7(5X,F6.4» 
S F ("I ~ I: AT ( /I / /I • 1 H .;, THE R F. S U LT S FOR A ARE :'. fl 
6 FORI;ATC/.1ii .'THE CORRELAT[ON Cf)EFFlr.IE'lT IS =',F8.6./I.1H .'TH[S 

. 1VALUE WAS f)HTA[NED USING '.[2.' POINTS'.11.1H .'THIS GIVES K ='.F1 
20.6,' fRnM W~lCH .'.1I.1H .'K1 =';F10.6,' AND K2 ='.F10.6.1l 

? F () Q 11 A T (/ I • 1 H • or 1:-1 E ' , 6 X • ' A ( EX PT)' • 7 X • ' " ( PR E ~) I • 7 X;, ERR 0 R '. /) 
8 FORlIAT(/,1H .t3.7x.F7.5,7x.r7.5,7X.F7.5) 
() FORf.lAT(/.1H ,'THE MEAN OF DEVI.,TIONS ='.F9.6.2X.'THE S.O. OF THE 0 

1EVIATII)NS ='.F9.6./I.1H .'THE MEAN ERROR IS ='.F9,6.6X.'THE S.D. 
20F THE ERROR [S ='.F9.6.1) 

1\1 FORtlAT(2F0.0) 
11 FnRf.lAT(/III/.1H ;'TMF RESULTS FOR CARE :'.1) 
17. FC'RIIAT(/.1H .'THE ORDER OF REACTION 15 ='.F10.6.1I/1H .'THE CONSTA 

1NT <3 =i.F1D.6./) 
1 3 f. n R I·' A T ( / '. 1 H .' T I HE' • 6 X • ' C ( E X PT) , • 7 X, 'C ( P R F. D) "; 7 X ',', ERR 0 R '. I 1 
14 FORI'AT(/1111.1H ,'THE RESULTS fO~ 0 ARE :'./) 
15 FORI,AT(/.1H .'THE OI'DF.R f)F REACTION IS ='.F10.6./I.1H .'THE CO'lSTA 

1NT ~4 =';F1D.6./) 
16 F()~.HAT(/.1H .'TlME'.SX,'D("EXPT")'.6X.'D(PREO)";7X.' ERROR '.Il 
17 FlIRliAT(/o1H .'THE I~EAN ERROR IS ='.F9.6.5x.'THE S.D. OF THE ERROR 

1 I~ ='.F9.6./l 
1R F(lRHAT(/I/I/,'H .'THE RESIILTS FnR B ApE :'.1I'1H .'TIi~E'.6X.'B(EXp 

1T) ·;7X. 'BrURED) '.7X.' ERROR './) 
~O Fi'''I~AT(/.1H .'F.~II.ED WITH C , IF~IL "'.11.1) 



STOP 
E ~I D 

SURROIJT I NE CC/lAX 
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~**** THIS ~OUTINE FINDS THE MAXIMUM VALUE n~ THE CORRELATION **. 
C··.· COEFFICIENTS IN THE ARRAY CC •• " 
C· ••• IT ALSO RETURNS THE CORRES~nNOrNG REGRESSION COEFFICIENT ••• 
C •••• AND THE NIJMRER OF POINTS USED TO OBTAIN THIS VALUE ••• 

RE~L CC(6) .XK(6) 
COMIIO~JlflL 1/CC, XK/flL2IllpTS. CCBEST. Xl<8EST 
~J P T s:: 1 
CCBF.sr::CC( 1) 

DO 102 1=2.6 
IF(CC(ll.lE.CCaEST)GO TO 101 
GO TO 102 

101 IIPTS=I 
CCBEST=CC( Il 

102 CONTINUE 
CCBEST=ABS(CCBEST) 

C· ••• THIS IS THE ABSOLUTE VALUE OF THE MAXIMIJM CORRELATION COEFF: *** 
Xi(~EST=XK (MPTS) 

C· ••• THIS IS THE CORRESPONDING REGRESSION COEFFICIENT **. 
:H,TS=IIPTS+3 

C* •• - THIS GIVES THE NUMBER OF POINTS USED TO ORTAIN THE COEFFICIENT ••• 
RETIIRN 
EtJ 0 

SUBROUTINE SDEV(X,NN.XMEAN.SD) 
Ce._- T~IS SUBROUTINE CALCULATES THE MEAN AND THE STANDARD DEVIATION.-., 
C.·.* OF THE NN VALUES IN THE A~RAV X -**. 

RE;\L X(11) 
sur-I=O.O 
DO 101 I=1.NN 
SlJll:SIJM+X(I) 

1 0 1 CO 'IT PI U E 
XMEAN-SUM/FLOAT(NN) 

C-.*- XMEAN IS THE MEAN VALUE OF X ** •• 
S tJi; X 11 S .. 0 • n 
00 102 I=1.NN 
X 0 I F F = X ( I ) - X M E All 
XDIFFS:XOIFF-XOIFF 
SU~XDS=SUHXDS+XDIFFS 

'102 CONTINUE 
so=snRT(SUHXOS/FLOAT(NN» 

C.e._ SD IS THE STANDARD DEVIATION OF X 
~ETLJRN 

•••• 
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SUBROUTINE I{EGPLOT(flM.XK.X.Y) 
C·," TrilS SUBROUTINE ~LOTS THE 9 POINTS USED IN THE LINEAR •••• 
C"" REGRESSION ANALYSIS TO FI~O K •••• 
C,·., IT ALSO PLOTS. STRAIGHT ~INE THROUGH THE ORIGIN USIN~ •••• 
C·- •• MII POINTS • ~JHERE 'Ill IS THE NU~'BER OF POI~TS USED TO OBTAI~ _ ••• 
C,·" THE BEST VALUE OF THE REGRESSION COEFFICIENT ., •• 

REAL X(9) .Y(9) 
XPT1=X([IM) 
VPT1=XI(*XPT1 

C*·_· XPT1 AND YPT1 ARE TI!E END-POINTS OF THE STRAIGHT LINE •••• 
CALL C'1)51~ 

C~.*' NOMINATE THE GRAPH PLOTTER 
CALL AXIPLO(O.200.0. 1Sn.O.3.3.H.5.a.O.240.0.0.0.-5.0,'TIMECMINUTES 

1 ) , • 1 3 •• C 0 ~I C • (M -I! 0 L E $ ) I • 1 4) 
c· ••• DRA\IS T:tE AXIS * ••• 

CALL GRASYMCX.Y.9.7.0) 
C"'* PLOTS THE 9 POIIJTS AS SYMROLS ** •• 

CALL GRAMOV(O.O.O.O) 
CALL GRALINCXPT1~YPT1) 

C*'** DRAWS TrlE HE~T STNAIGHT LINE THROUGH THE MM POINTS •••• 
CALL nE'/END 
RE T U R tJ 

SllBROUTINF LSFUN1(M,N,XC,FVECC) 
C··.· T"IS SIJBROUTINF EVALUATES THE RESIDUAL~ NEEDED BY THE 
C*--' NAG ROUTINE E04FDF 

INTEGER M.N 
RF.AL FVECC(IIl.XCCNl 
REAL T(111.CC11l~D(11, 
C0HNON/~L3/IVALUE/Bl4/T.C.D 
IFCIVALUE.EQ.1)GO TO 102 

C*'·· WHF.N IVALtlE=1 LSFUN1 CALCULATES RESlnUALS FOR 0 C··.· WHE~ IVALuE=O LSFUN1 CALCULATES RESIDUALS FOR C 
DO 1 01 I = 1 , 11 
FVECCCI)=XC(1)*T(I)··XCC2)-C(I) 

101 COtn I Nl)E 
GO TO 104 

1 I) 2 DO 10 3 I = 1 .r~ 
FVECCCl)=XC(1'.TCI).·XCC2)-DCI) 

1 "3 C 0 tJ T P! U E 
C·~ •• FVECC IS THE VALUE OF THE RESIDUAL 

1 04 cOt! TIN U E 
RETURN 
END 

***111 
.*'wll 

* ** .. 
***111 

• *'* .. 
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~INlSH 

[) n C LJ I" ENT llAT" 
10 
i'\ ,~""173 0': 000 O.noo 0.,)01) 0.000 O. (lO'O 0.000 RE27 
1 5 t. ': 1 8,) 11": 1 i; 5 2.7.10 (l.O4!) 0.000 0.000 0.000 
30 2': 330 0':045 ,L 800 O. 13') 0.000 0.000 v.OOO 
45 ":701) n': 09 5 4.61 0 O. 11 n 0.0 9 0 0.071\ 0.000 
6(, 1': 300 0':' 20 4.870 IJ.040 0.090 0.079 0.000 pH7 
90 o':'lOv 0':11.0 4.9f>0 0.050 0.150 O. 100 0; 1 63 
121) 0': !l 0 0 o':n;>5 4.6',0 0.250 0.300 ., • 1 50 0.473 
13.) 1)':7,10 0':010 4.130 .j. 20') v. 500 0.053 0.893 
240 ,1.'650 0': 0,0 3.200 v.l0') <1.450 O. , 30 1.823 
3,) \1 " : '" COl) 0': I) ,0 2 . 1 0 0 ,). 1 ,10 0.800 0.170 L. 673 
10 
0 6:173 0':01'0 0.0.) 0 0.000 a.OOo 0.000 0.0 OIl RE28 
15 ,': 8 5 3 0':138 2.5i\8 0.049 0.094 0.071 0.000 
,~O 2 ': 3 (\ 3 .f: 1 ? 8 3.705 0.1 3 ~ 0.0911 0.01'12 0.000 
45 1':1.(\5 0': 0 43 4.4ilS O. 1 75 0.1 I) 5 0.07.3 0.000 
6;) 1':222 0': 0 7 5 4.830 0.251 0.125 0.073 0.000 pH6 
Q .) 0': 9 6 3 0': {) '15 4.1'>58 0.203 0.188 0.O~2 0.364 
120 (l':S94 0': 09 3 4.41lS 0.252 0.266 0.082 0.528 
1 HI) 0': 79 5 0': 103 3.7 .. 9 0.31 2 0.359 0.078 1 . 31 0 
240 0:752 0':083 2.846 0.211 0.469 0.091 2.106 
],)0 O':1i23 0': 1 :> 5 1.725 0.11 3 0.560 0.1(\2 ~.265 
1 1 
0 '" ': 1 73 ,1':000 0.001) 01.0001 0.000 0.000 0.000 R E31 
1 5 3 ': 705 0': 1 55 1.724 0.174 1).000 0.000 0.000 
30 2': 160 0': 010 2.845 0.035 0.000 0.000 1.168 
45 1 ': 44'; i1':060 3.320 ().390 0.125 0.027 1.288 
60 ,':02,) 0': 0 2 8 3.410 0.1 30 0.141 0.031 1. 602 
90 0':990 0':040 3.450 0.210 0.203 0.1)52 1.530 pH 7.5 
120 0': 7 40 0': 0 5 0 3. 450 0.230 0.220 0.032 1.762 
150 0': 681) 0': 0 3 2 3.410 0.500 0.250 0.038 1.963 
180 0':665 0':003 3.21l0 0.21\3 0.312 0.032 1.786 
21.0 0': 6 0 5 0': 0 n 5 2.81,) 0.320 0.385 0.058 2.373 
300 Cl ': 5 0 5 0': 0 1 5 2.0'10 0.$00 0.491 0.033 3.147 
10 
0 6 ': 173 0':01)0 0.000 0.000 0.000 o.noo 0.000 RE32 
1 5 3': 23,) r": 0:'10 2.717 0.$02 0.063 a.ooo 0.163 
3 t} 1 ': i'il 0 0': 0 5 0 3.96.3 0.173 0.078 0.000 0.347 
45 1':135 0':095 4.6r,fj 0.690 0.126 0.063 0.223 
(,0 0':'120 O~'l'O 4.3H 0.690 0.1 H 0.063 0.814 
9 ;) 0': 77 5 0':105 3.839 0.129 0.213 o .lB9 1.332 
120 0': 725 0': 0C) 5 3.795 0.111) 0.321 0.024 1.342 pH 5 
18" 0': /) 4 5 O':Oil5 2.243 0.345 0.360 0.109 2. Q 25 
7.40 0': 5 40 0':070 , .81 2 0.0,,7 O. 531 0.078 3.290 
Jl! ,) O:45S 0': 0" 5 1 .294 ".173 0.625 0.094 3.799 
**** 
O.0.()Gt',45 1 ': 2t, 
n. 11 fJ • 5 
0.Oi)4/,7 0': 83 
O.OU;)052 1 ': 94 
0.00332 0': 87 
0.01 0:5 

". ')1 0:5 
() . 01 n:s 
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Communication 

Ala/erial for publication as a Communication must be on an tlrge'll matter and 
be of obvious scientific importance. Rapidity of publication is enhanced if 
diagrams aye omitted, but taMes and formulae can be included. Commuuications 
should not be simple claims Jor priority: this facility for rapid publication is 
intended for brief descriptions of work that has progressed la a stage at which it 
is likely to be t'aluable 10 workers faced with similar problems. A fuller paper 
may be offered subsequently. if justified by later work. 

J1fanU5cripIs are not subjected to the usual examination by reJerees and 
inclusion of Cl Communication is at Ihe Editoy's discretion. 

Application of Transition-metal Salts as Ion-pair Reagents in the 
Liquid Chromatography of Dithiocarbamates 

KeywoYds: Dithiocarbamate analysis: liquid chromatography; ion-pair 
reag~nts; transition-metal salts 

N-Alkyl- and NN-dialkyldithiocarbamates and their salts and disutphides are widely used as 
fungicide~. rubber vulcanisers and pharmaceuticals. As part of a study of the degradation of 
the cyclic fungicide dazomet (3,5-dimethyltetrahydro-I,3,5-thiadiazine-2-thione), we wished to 
analyse N-methyldithiocarbamate (MDTC), onc of the primary detomposition products.l,t 
Existing techniques based on ultraviolet spectroscopy, total degradation to carbon disulphide and 
methylamine and thin-layer, paper or gas - liquid chromatography 3 either could not differentiate 
MDTC from other components of the reaction or could not be used to monitor the other com­
ponents in the same analysis. 

Although reversed-phase liquid chromatography could be used to analyse dazomet and neutral 
degradation products, MDTC was not retained even with aqueous phosphate buffer (pH 5) as 
solvent. Eluents with a lower pH could not be used to suppress ionisation as dithiocarbamates 
are very unstable at pH below 4.~ The ion-pair reagents tetrabutylammonium hydroxide and 
cetrimide were tried, but appeared to result in the degradation of MDTC. 

As the transition-metal salts of a number of dithiocarbamates have been successfully separated 
using liquid chromatography,' we investigated the use of transition-metal ions as ion-pair reagents. 
The results of our study using the direct injection of the sample into an eluent containing transition­
metal ions suggest that this approach could be a versatile and powerful method for the analysis 
of dithiocarbamates. 

Experimental and Results 

Samples of 101'1 were separated on a 5~l'm Hypersil-ODS column (10 cm X 5 mm i.d.) using 
a \Vaters Associates 6000 pump and an ALC 202 detector at 254 nm, with a solvent flow-rate of 
1.5 ml min-l. The samples of the sodium salts of MDTC and N-ethyldithiocarbamate (prepared 
according to Klopping and Van der Kerk'). NN-dimethyldithiocarbamate (AId rich) and NN­
diethyldithiocarbamate (Sigma) were prepared as solutions in methanol- water (7 + 3). 
Analytical-reagent grade nickel sulphate and cobalt nitrate were used as ion-pair reagents at a 
concentration of 0.1 % 

The c.apacity factors of the dithiocarbamates and some related thiuram disulphides with the 
different metal ions are given in Table 1. The peaks were readily detected without background 
interference from the metal ions in the solvent. The efficiency of the column was unchanged in 
comparison with unpaired eluents, suggesting that complex formation was rapid. 

As the dazomet degradation studies were carried out in phosphate buffer, it was necessary to 
use methanol- phosphate buffer (pH 5) (3 + 7) instead of water, to prevent precipitation of 
transition-metal phosphates on injection. Using these conditions \\;th 0.1% cobalt(II), the 
peak-height respo~se of l\-IDTC \\'as linear from 100 to 1000 p.g ml- l • 

An attempt to analyse disodium ethylenebisdithiocarbamate was unsuccessful, probably because 
it forms polymeric metal salts. 
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TABLE I 
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CAPACITY FACTORS OF DITHIOCARBA!lIATES WITH TRA:>;SITIOX-!lIETAL toX-PAIR REAGE~TS 

Dithiocarbamate (Nil salt)­
N-Methyl (MDTC) 
N-Ethyl 
NN~Dimethyl 
NN-Diethyl 

Thiuram disulphide­
NN'-Tetramethyl (thiram) 
NN'-Tetraethyl (disulfiram) 

:\{ethanol- water 
(1 + 3), ion pair 

0.1% ~i(J[) 

0.57 
1.28 
1.57 
8.28 

0.85 
3.71 

- 0.05 !of phosphate buffer adjusted to pH 5. 
t Peak not observed. 

Solvent 

~tcthanol - water (6 + 4) . 
Ion pair Ion pair 

0.1% Ni(II) 0.1% Co(II) 

1.25 0.71 
3.37 2.71 
4.12 3.85 

32.1 -j 

1.25 1.57 
11.8 12.7 

Discussion 

:\lcthanol - buffer­
(3 + 7). ion pair 

0.1 % Co(U) 

11.8 

Little previous use has been made of metal ions as reagents in liquid chromatography, with the 
exception of the interaction of siIYer(I) and olefinic bonds, to gi\'e a complex with increased 
polarity (e.g., rei. 7). In this study, the transition-metal ions in the solvent form a neutral non­
aqueous soluble ion-pair complex with the injected dithiocarbamates, enabling them to be resolved 
from the solvent front and to be eluted under similar conditions to the corresponding disulphides. 

Although only nickel(II) and cobalt(II) metal ions have been studied in this way, the work by 
Schwedt& on the separation of pre-formed complexes of diethyldithiocarhamate suggests that 
lead(U), mercury(II), copper(U) (and possibly others in less polar soh'ents) should act in a similar 
\,,·ay. As each of these complexes has a different capacity factor, it should be possible. by selection 
of the ion-pair reagent, to adjust the retention of the complex so that it can be resolved from 
other components of a mixture. The order of elution of the complexes of lead, nickel, cobalt, 
copper and mercury was the same for diethyldithiocarbamate and tetramethylenedithio­
carbamate,:; but does not agree with the present results in which cobalt(Il) complexes are eluted 
before nickel(II) complexes_ Other metal ion salts of diethyldithiocarbamate, such as iron(III), 
molybdenum(Il), chromium(VI) and vanadium are reported& to give many peaks on direct 
injection and would probably be unsuitable for pairing. 

Using cobalt(II) as the ion-pair reagent, this technique was applied to the study of dazomet 
and permitted the determination of dazomet and its degradation products, :MDTC, methyl iso­
thiocyanate and NN-dimethYlthiuram disulphide, in the same run. S 

Further studies into tile scope and applications of this technique are in progress. 

We thank the SRC for a Studentship to R. L. M. 
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The Analyst 
Determination of Dithiocarbamates by Liquid 
Chromatography Using Transition-metal Salts 
as "Ion-pair" Reagents 

Roger M. Smith, R. L. Morarji and W. G. Salt 
Dt'partlllt'nl of Chemistry. l.ougflbtJ/'Ough University of Technology. Loughborough, Lcictsicrshirc, LEtl 3TU 

A technique ha:"> heen developed for the liquid-chromatographicdeterlllina­
lion on an octadccylsilyl silica reversed-phase column of .V-alkyl- and XS­
dialkyldithincarballl<ltcs by adding transition-metal salts of cobalt(J I) or 
nickcl(It) to the mobile phase. The unsuccessful use of mcrcury(Il), 
coppcr(ll) and lcad(l1) is discussed and the mixed comph.'xcs formed when 
twu dithiucarbamatcs arc injcctcc.l arc described. The rctcntiolls of the 
dithiocarbamatcs arc compared. with those of related thiurtLm disulphides. 

I\fyti!t.m/s: Di/hiucarba/JIa/e deterlllillation; thiuram disulphide deterJllilla· 
lion; liquid chromatography; complex formation; transition·melal salts 

A numher of methods have been developed for the determination of .V-alkyl- and N.V­
dialkyldithiocarhanlates and their salts and related thiuram disulphides,l because of their 
wide~pread use as fungicides, rubber vulcanisers and as pharmaceuticals.:! Howc\'er, many of 
these methods, including ultraviolet spectroscopy. colorimetry with copper salts and the 
widely llsrd acid llcgradation to give carbon disulphide. are specific only for the dithiocarba­
mate group and cannot distinguish between compounds with different !V-alkyl 5ubstitucnts. 

:\5 part of a study of the degradation of the cyclic fungicide dazomct (3,5-dimethyltctra· 
hydro-I ,:1,n-thiadiazine-2-thione). we developed and briefly reported a liquid·chromatographic 
technique in which the individual dithiocarbamates were separated using a solvent containing 
nickel or cobalt salts as "ion-pair" reagents. 3 Although the sodium salts were unretained on 
chromatography, the non-aqueous soluble metal-ion complexes formed in the eluent were 
readily separated on a re\'ersed·phase column. In this paper we describe our qualitative 
and quantitative studies in detail and discuss the examinahon of further metal ions as potential 
complexation rcagents. 

The interaction of dithiocarbamatcs, in particular NN-dicthyl- and NN-tetramethylene­
dithiocarbamate, with transition-metal ions to form complexes extractable into organic 
sokents has hcen used in analytical chemistry for the separation"' and spectrophotometric 
determination of a number of metals.S The complexes, after extraction, can be separated by 
thin·layer chromatugraphy (c:.g., reference 6), gas chromatography (e.g., refcrence 7) or liquid 
chromatography on silica gd,8-U bonded nitrile lS- 16 or hydrocarbon (reversed-phase) 
columns.l1-l9 In most instances the separation has been aimed at the determination of the 
metal ion rather than of the ligand. 

Experimental 
Apparatus 

Liquid chromatography was carried out using a \Vater Associates nooo pump connected to a 
.Shanclon Southern column (10 cm X 5 nun i.d.) packed with Hypersil-ODS and fitted with a 
Rheodyne IOlO valve injector with a lO·,.d loop. The eluates were detected using an ALe 202 
detector at 254 nm. The solvent flow-rate was 1.5 cm3 min-l. 

Reagents and Standards 
"ft'tal slll/s. Analytical-reagent grade nickel :mlphate, cobalt nitrate, copper nitrate, 

mercury(Il) nitrate and lead nitrate were used. 

129 
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Dithiocarbamafcs. The sodium salts of :V-methyl-. NN-diethyl- and NX-dimcthyldithio­
carbamate were supplied hy J. D. Cambell and Sons Ltd., \Varrington, Sigrna London Chemical 
Co. Ltd., Puoic, and Aklrich Chemical Co. Ltd., Gillingham, rcspecti\'cly. Ammonium _V~Y­
tetralllcthylencdithiocarbamatc was supplied by Sigma London Chemical Co., Ltd., Poole. 
Sodium N-cthvldithiocarbamate and ammonium dithiocarbamate were s\'nthcsiscd from the 
corresponding 'amine and carbon disulphidc. 2 -

Tltiuram dislIlj>/tidcs. Thiram (.:VN~\"'N'-tetralTlcthylthiuram disulphide) was supplied by 
Robinson Bros. Ltd., \Vest Brornwich. and disulfiram (NNN'N"'-tetracthylthiuram disulphide) 
was supplied by Sigma London Chemical Co. Ltd., Poole. 

111 dlulIIol. HPLC grade from Fisol1s Scientific Apparatus, Loughborough. 

Procedure 

Solutions of thc dithiocarbamates or thiuram disulphides, approximately :")00 mg dm3 in 
mcthanol- water. were inj~cted on to the column. Different ratios of methanol and water. 
containing tU ~,~ 111/ F of the mdal salts, nickel sulphate, cobalt nitrate, COpPl'f nitrate or lead 
nitrate, wert! used as indicated for thc eluent. [n some runs 0.0;) )o[ phosphate buffer. pH ;"), 
containing the metal iOllS was used. 

i\::; proh)llgecl dution of methanol - water mixtures did not remove all the trace. amount;; of 
cubalt(U) from the column, a different column was used for each metal ion. 

Results and Discussion 

On examination o[ ::iolutions of the sodium salts of N-mcthyl- or NN-diethyldithiocarbamic 
acid by litluitl chromatography using an octadccylsilylsilica reversed-phasc column. the solutes 
were eluted at the :iol\'ent front (k' = 0) even if water alone was used as the ::iol\"~nt. In some 
runs the sample appeared to interact with the column and no peaks were obsen-ed. :\ttempts 
to control the ionisation of the dithiocarbamates by using a phosphate buffer at pH 5 as the 
du('nt had no effect. A lower pH was not used because the dithiocarbamates are sensi­
ti\·c to acid and arc rapiLlly degraded to carbon disulphide and an amine.a The addition of the 
organic iOIl-pair reagents tctrabutylammonium hydroxide and cetrimide to the eluent was 
also studied but their use appeared to result in complete degradation of the sample. The 
thiuram disulphides thiram and disulHram could be readily chromatographed without decom­
position. 

As a number of metal-ion complexes of NN-diethyl- and NN-tetramethylenedithio­
carbamates ha\'e been successfully chromatographed on RP-8 and RP-lS reversed-phase 
columnS,19 it was decided to investigate the use of transition-metal ions as potential ion-pair 
reagents. It was hoped that on injection of the dithiocarbamate salts, the metal ions would 
form stable neutral complexes, suitable for chromatography. Despite the common use of 
organic ion-pair reagcnts to improve the separation or efficiency of polar compounds on liquid 
chromatography, there arc few reports of the use of metal ions. Examples include the inter­
action of zinc ions with aminobenzoic acids,:w niCkel ions with aniline:!l and its metabolites and 
a zinc or cadmium C12-dien complex with the dans)"l amino acids and suiphonamidcs.22,23 

The more common addition of silver ions to solvents to alter the retention of oletins results not 
in the formation of a neutral ion-pair complex but of a polar 7T-complex with a shorter retention 
time on a rc\'erscd-phase column than the original olefin (e.g., reference ~~. 

After initial trials using separately prepared complexes a range of sol\'cnts containing 
different proportions o[ methanol and 0.1 % solutions o[ nickel(Il) sulphate or coba\t(Il) 
nitrate were examined. A series of sodium or ammonium salts of dithiocarbamates and 
related thiuram disulphidcs were individually injectcd and their capacity factors were determ­
ined (Table I). The complcxc::i were readily detected at 254 mo, with no background intcr­
ference frolll the metal salts in the suh'ent. The peak efficiencies of the complexcs were com­
parable to those of uncornplcxed eluates and suggested that mixing and complex formation 
occurred rapidly on injection, 

A number of important fungicides. including zineb, mancb and mancozeb. are based on 
ethylcnehisdithiocarbamic acid. (CH 2NHCS2)z 2-; however, its metal complexes are polymeric 
and attelllpts to examinc thc sodium salt using cobalt as a reagent were un:;\Iccessful. )Iany 
dithiocarballlates form stable sih'cr(I) salts but a trial using silvcr nitratc appeared to result in 
decomposition uf the ethylcnebisdithiocarbamatc, 
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TABLE I 

CAPACITY FACTORS OF DlTHIOCi\RB;UIATES A:\I) THlURA)1 DISCLPHIUES OX 

LIQC'ID CHRO)IATOGHAPHY WITH XICKEL .\:\,I) COIHLT RE.\GEXT5 

Dithioca.rhamatc­
IY-H,· 
N-::\lcthyl-t 
N-Ethyl­
N.Y-Dimt!th\'l- .. 
NX-Dicthy': 
.V X-Tctr;lmcth\"lcllc-

'j'hiuralll ,li,;ulphi;lt:­
XSS'X'-Tctramcthyl (thiram) 
XSS'X'-Tdraethyl (disulfiram) 

Solvent 

.:\lcthanol - water containing 
,1.1 % Co(Il) itS nitrate 

, , 
30+ 70· 50+50 60+ .. W 70+30 

0.25 
11.S I.:!.'i 0.71 0.50 

7.25 2.71 1.37 
10.6 3.Sfl 2.25 

>30 24.7 
26.5 11.8 

2.75 1.7!i 0.S5 
12.7 (i.3' 

• :\Iethanol - O,O.-l.\I phosphate buffer adjusted to pH 5. 

, 
:'olcthanol - water 
containing tU ~o 

:<i(lI) a" sulphate . , 
00+40 70+30 

1.25 0.57 
3.37 1.2:0; 
4.12 1.:)/ 

32.1 ;,14 

1.25 O.~ti 
11.8 :1.71 

t Tht,'st,' rcsllib \\'t,'fC obtaincd IIsing methanol- water containing 0.1% :s'i(lI) as sulphate: ,il)+50, h' = 
:UlH: -IO+liO, J~' = W.·l: 30+70, h' = 25.4. 

[n additioll to the cnbalt and nickel complexes, Schwcdt al~o ~uccessflllly chromatographed 
the complcxe~ of copper, mercury and lead, although the last wa~ un:;table.19 .-\s each of the 
complexes has a different capacity factor. it appeared that it would be pIJssibk by selection Id 
the appropriate metal ion to adjust the retention time:; of dithiocarbamates, wht'l1 they are 
present in a mixture, to give the optimum resolution. The complexes of IllO::.t other metal 
ions including iron(UI). manganese, siiver, chromium([I[). molybdenum and vanadium were 
found either to decompose or to gh'e several bands. 19 

Although the reaction with diethyldithiocarbarnate followed by extraction and spectro­
photometry of the complex I:; a widely used assay for copper(II).2,5 when copper nitrate was 
used as a reagent the results were erratic and reproducible peaks could not he obtained. In 
addition, a strong interaction between the copper ions and thiuram disulphides appeared to 
take place, presumably similar to the reactions that cause colour changes on mixing aqueous 
solutions of disulphides and copper(II) ions,l whereas with nickel or cobalt ions any effect was 
minimal. In order to determine the product that was being formed on injection, a· solution 
of copper(II) ions was mixed with diethyldithiocarbamate and the precipitate was dissolved by 
the addition of methanol. The resulting solution has a '\max. at :386 nm, whereas if the copper­
dithiocarbamate complex was extracted from the aqueous solution into chloroform and then 
diluted with methanol - water the absorbance of the solution had a '\mllx. at -13-1 nm. The latter 
band corresponds to the neutral ::'11 L2 complex, whereas the former is \,(!ry similar to the '\IL I­
water-soluble complex formed with NN-diethanolaminodithiocarbamate and copper ions 
(:\.IL+, '\max. at :~80 Ilm, and .\IL2. Amax ..... :~5 nm).25 Thus, when used as a reagent the copper(II) 
ions, which arc in excess. appear to form the '\IL + complex: rather than the neutral .\[L2 com­
plex, which can be chromatographed. Samples of the ::'IIL2 copper complex prepared by 
extraction could therefore be readily chromatographed. 

;\Iercury(ll) ions are reported to form the strongbt complexes with diethyldithiocarbamate 
and will displace all other metal ions from complexes. 26 Howc\'er, attempts to chromatograph 
mcrcury(II) diethyldithiocarbamatc were unsuccessful ami nu peaks were obtained. Although 
the extracted complex is vcry stable, the equilibrium constant for the reaction 2HgL + ? HgL2 + Hg2t- is 0.21 Therefore, the complex forms stepwise so that in the presence of an excess of 
lllcrcury(II) ions only HgL+ will be present. 

In contrast to mercury and copper, lead ions form much weaker complexcs::6 and it was felt 
that they would be a useful comparison, Schwedt found the complcxe::; to be unstable,I9 and 
in two papers reported \'cry different retentions, relative to the other cnmplcxes. 18 ,19 In this 
study an attempt tu use lead nitrate as a reagent was unsuccessful, and the complex whcn pre­
pared by extraction was not eluted 011 chromatography. A recent rcport has suggested that 
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th:! lead complex dccompo,:;cs in solution in isobutyl methyl ketone to gi\'c the frcc metal after 
2-:{ h:!S although other paper:;:!9 cOT1:-,iciered the complex to be :-;table under these conditions. 
Extraction of lead i{JJ1:; hv ammonium tetralllethvlcnctlithiocarbamate \\'as alsu (onnd to fail 
with hoth high and low proportions of dithiocarb~~tmatc.:!M The disulphidcs chromatographcd 
essentially unaltered in the presence of lead ions. 

Two previous studies have examined in detail the separation of llickcl(II) complexes on 
silica gel COiUlllIb8•1:! and as in our degradation studies the cobalt complex gave a more suitable 
retention time rclatin.~ to the other components in the mixture, a detailed e.xamination of the 
use of cohalt(Il) was carried out. 

The pH of the aqueous solution was not critical and was usually not controlled except for the 
degradation studies.3 In the degradation studies, as the samples were in phosphate buffers at a 
range of pH \'allle~ it was necessary to use a pH ;'j phosphate buffer in the solvent to prc\'ent 
precipitation of cobalt phosphate, In extraction studies both cobalt and nickel cumplexes are 
completely extracted between pH 2 and 12.' Different concentrations of cobalt nitrate, 
O.fH, n.;') and 0.1 ~{), ga\'e the sallle capacity factors and it is assumed that l:omplex formation is 
essentially CllInplete. 

As part of the degradation study a calibration graph was prepared for N-methyklithio­
carhallwtc lI:,ing caffeine as an internal standard (Table Il). The graph is linear from 100 to 
I OOU /-tg ml- I , hut a :'lIlall negati\'e intercept, also found on othcr calibration runs, suggested a 
small but c.ollstant amount of decomposition, 

TABLE II 

CAURRATlOX OF N-:!.IETHYl.DITHIOC;\RBA:!.LHE USI:\G ~IETHA~Ol. - pH 5 

PI!OSI%\TE BUFFER [0.1% Co(lI) AS "ITH.HE] (:)0+70) AS SOLl'E"T 

Santple cOltcentration·/ 
iJog ml- 1 

100 
200 
:lOO 
400 
500 
600 
700 
800 

1000 

Peak height, scale units 

X-:\Icthyl-
dithiocarbamatet 

6 
14.5 
23 
31 
40.5 
49 
5S 
65 
79 

Slope 
Intercept .. 

. 
Caffeine 

(internal standard) t 
183 
ISa 
183 
177.5 
17/ 
liS 
li9 
178.5 
In 

Correlation coefficient. 
Standard deviation/J.(g ml- I 

0.4682 
-11.5 

0.H901 
5.:394 

Ratio, sample X 103 to 
internal standard 

32 
79 

126 
175 
2;29 
275 
324 
364 
446 

• 1O-J.(1 injection of a ~ample solution containing caffeine (SOO /tg ml- 1) in pH i.O phosphate buffer. 
t For cali'eine k' = :!.O and for N.rnethyldithiocarbamate k' = 18.8. 

In all the studies :;0 far, only one dithiocarbamate was injected at a time. In \'iew of the 
exchange of ligands found with nickel complexes the effect of injecting mixtures of two clithio­
carbamates was determined (Table Ill). Four peaks were obtained in each instance corre­
sponding to a random formation of mixed complexes of cobalt(III), The obscn'ation con­
finned that, a:'i in tht.! test-tube reaction between cobalt and dithiocarbamate:'i, the cobalt(II) 
reagent was being oxidised to yield the very :'itable cobalt(III) complex. This reaction is 
reported to occur spontaneollsly by oxidation with atmospheric ox~'g~n15.lO and explains the 
marked colour chang!.! from pink to green on complex formation, The mass spectrum of the 
extracted complex is reportc(i to agree with the formation of a cobalt(l I I) - tridithiocarbamate 
complex. I :> The four peaks found in this work with cobalt ions can thl'refore be assigned to 
1IX,. ~IX,Y. MXY,and ~IY3c(lmplc"c5. 

Althuugh a mixture of tetra methyl- and tetraethylthiuram disulphides ga\'c two peaks on 
chromatography inunediatel.y after mixing, on rc-examination after standing for DO min an 
intermediate peak, presumably the mixed NN-diethyl-N'N'-dimethylthiuram di.:mlphidc, W;:t:'i 
also present, an effect that had also been noted earlicr31 (Table Ill). 
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TABLE III 

C'P:\CITY L\CTORS OF :-'UXED DlTH[QCARBA~\IATE )IETAL CO)[PLEXES 

FOR:'>IED BY l:-:JECTIO~ OF TWO DlTHIOCARBA:'>IATES 

Dithiocarbamatcs Capacity factors 
, , , , 

Solvent Sample (X) Sample (Y) ,;\IX 3 :\lX,S )IXY, :'IIY 3 

30+ 70· -:\'H .. -NH:\[c 0.2;> 1.37 ".90 [Ai 
50+:iOt -:";Htt -:\':\!c: 7.2;'; 7.S!} 9.00 11).6 

-:\H':\lc -K":\Ie, 1.25 2.63 5.25 10.6 
-:";H:\!c -XHEt 1.25 2.!iO 4.12 7.25 

iO+3llt -:\'H:\lc -X(CH,), 0.50 I.:!!) 4.00 11.8 
-:\'HEt -:'qCH,h 1.37 2.87 5,87 ll.R 
-:";)Ic, -X(CH,), 2.00 3.62 6.75 11.S 
-X(CH,), -NEt, 11.8 15.0 19.2 :!4. i 
-:\H.\lc -NHEt 0.50 1),75 1.00 1.37 
-:\'HEt -:";Et~ 1.37 2.75 10,0 24.7 

• :Ul,;-,O iHt,th;tno! - n.II;) :'>\ phn:-phatc l)lltler (pH 5) containing: 0.1 % Co{I1) as nitrate. 
t :'-.lethallol - water containin;.:: 0.1 % Co(l I) as nitrate. 
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If a di~lllphidc and dithiocarbamate were mixed and injected (Table IV), interchange 
apparcntly abo occurrcd, leading to all possible combinations of disulphide;" mixed disulphide .... 
and llliXL'd complexes. although some of the assignments are tentative as not all the pos:,ihlc 
standards wc-re a\'ailablc. \\'hether this exchange occurs via oxidation, reduction and cleav­
age of the S-S bond or by amine exchangc32 is not known. 

TABLE IV 

CAPACITY FACTORS FOR :\tIXTliRES OF THWRA:\I DISULPHIDES AXD DITHIOCARBA:\L\TES 

Disu[~hide Dithio. Capacity fact~f'j of complexes 
carbamate 

Sol\,('nt· A-A B-B X A-A A-B B-B :'IIX. ).IX,A )IXA. )rA~ Othe; 

~O+60 -;';).(e, :~~~Jc 2.75 10.6 
-:-:).fe. 2.75 10.~ 

70+30 -:-;)Ie. -:\,Et, 0.73 6.2;1 
(after DU min) (after 00 min) 0.i5 2.25 6.2~ 

-N":'Ile. -N{CH.). Ut S.Ot l,i6 3.' 6.' 11.8 
-"Et. -:\,)Ie. 6.25 - 2.12 2.62 .. ti5 1.12 
-NEt. -N"(CH.l. 6.37 4.37t :l.Ot n.8 14.4 19.1 24.i 8,4 

• ).!dhano[. water eontaining 0.1% Co(lI} as nitrate. 
t A tentative ;lisisnment assuming that tetram('thyienl:dithiocarbamate is yieldins the c')lTl'Spondiub" disulphide (B-D) and a mLv'd 

disulphide (A-B). 

Hence, the use of nickel or cobalt ions as cOlllplexation reagents is a useful technique for the 
determination of indiviuual clithiocarbamates but the interpretation of the results can be 
complicated if dithiocarbamates or thiuram clisulphides with different amino functions are 
present in the sample. 

The method has been successfully applied to the detcrminations of N-methyldithiocarba­
mate formed during the degradation of dazomct in vitro, in cell cultures and in bactc:rial cell 
cultures under the Same chromatographic conditions used to monitor dazomet and meth.yl 
isothiocyanate.33 

Wc thank the SRC for a stuc\entsitip to R.L.~1. and J. D. Campbell and Sons Ltd. and 
Robinson Bros. Ltd. for dithiocarbamate:i. 
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