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Summary-A rapid, simple, direct, and sensitive method has been developed for the determination of 
maneb (manganese e~ylenebisdithi~rbamate) based on the formation of man~ne~4(~-p~idy~o) 
resorcinol complex by a ligand displacement reaction, which is rendered water soluble by a cationic 
surfactant cetyitrimethylammonium bromide @TAB) by the formation of an ion association complex. 
Beer’s law is obeyed over the concentration range 0.08-2.4 pg/ml of the final solution at 500 nm in pH 
range 8-12. The molar absorptivity and Sandeil’s sensitivity are calculated to be 8.84 x IO4 1. moI-’ . cm-’ 
and 0.003 pg/cm2, respectively. The developed method has been applied to the dete~ination of maneb 
in commercial formulations, synthetic mixture, grain samples and vegetables. 

Dit~ocarbamates are widely used in agriculture 
as fungicides and in rubber industry as vulcan- 
ization accelerators and antioxidants. Most of 
the methods used to determine dithiocarba- 
mates are based on Clark’s method’ in which 
dithiocarbamates are decomposed in an acidic 
medium to yield carbon disulphide (CS,) which 
is absorbed in methanolic potassium hydroxide 
and the potassium methyl xanthate so formed is 
then titrated iodimetrically. The conditions for 
acid digestion have been investigated by a num- 
ber of workers.” The evolved CS, has also been 
determined9 by spectrophotometric measure- 
ment. Dithiocarbamates have also been deter- 
mined from food products by titrimetry,” 
extraction vo~~mmet~,” head space gas chro- 
matography’2 and high performance liquid 
chromatography. I3 These fungicides have also 
been determined in airI by head space gas 
chromatography of the CS, evolved under con- 
trolled conditions from collected air-borne dust 
and from water samples after acid hydrolysis of 
the pesticide using a Hall detector.‘” However, 
most of these methods are non-specific since all 
dithiocarbamates (&am, zineb, thiram, ferbam, 
nabam etc.) yield CS2 on acid digestion, and 
other indirect methods are less sensitive, time- 
consuming, require rigid conditions and give 
unsatisfactory recoveries. Maneb is also deter- 
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mined by converting it into a moly~enum’6 
containing complex in acid medium but the 
extraction is not rapid. Maneb can be deter- 
mined by diphenylcarbazone” but the method is 
less sensitive than the method presented here 
and involves the use of toxic pyridine. 

Dithiocarbamates do not belong to systemic 
fungicides but are protectant fungicides (applied 
prior to fungus infection) and, therefore, act 
upon damaging fungi chiefly by surface de- 
posits. Consequently, residues of the undecom- 
posed pesticides are found on fruit, etc. 
Residues of undecomposed dithiocarbamates 
on field-treated cultures mainly form surface 
deposits. The dynamics of these residues are 
largely in~uenced by exterior factors such as 
moisture, temperature and atmospheric humid- 
ity. Moreover, the substances excreted by leaves 
of living plants also stimulate degradation. The 
degradation products of maneb are e~ylenebis- 
diisothiocyanatosulfide, ethylenethiourea and 
ethylenethiuram disulfide and there are separate 
methods for the analysis of these degradation 
products. 

We present a simple, sensitive and relatively 
selective method in which manganese present in 
maneb is complexed with 4-(2’-pyridyhuo) rc- 
sorcinol (PAR). The mangan~PAR chelate 
thus formed by ligand exchange reaction is 
solubilized in water by CTAB by the formation 
of ternary complex. “I CTAB acts as solubilizing 
agent. CTAB and some other surfactants have 
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been used as solubilizing agents for many metal solution was measured at 500 nm against a 
chelatesi9*** reagent blank. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Equipment 

All absorbances were measured with an SP-20 
Spectronic spe~trophotometer. The pH 
measurements were carried out with an ECIL 
pH meter. 

Reagents 

All solvents and reagents were of analytical 
reagent grade. 

Muneb solution (0.1%) 

The absorption spectrum of the manga- 
nese_PAR-CTAB complex was recorded 
against maneb and a reagent blank. The com- 
plex absorbed strongly at 500 nm, whereas 
maneb and the reagent blank absorb negligibly 
at this wavelength. The absorbance was maxi- 
mum when the pH of the aqueous phase was 
S-12,0.6 ml of 0.02% PAR, and 5 ml of 0.25% 
CTAB were used. The absorbance of the com- 
plex remained practically constant for more 
than 12 hr. 

Pure maneb was prepared by adding a sol- 
ution of manganese (II) to a solution of dis- 
odium ethyle~ebisdithiocarbamate (Wilson 
Laboratories, Bombay) and its purity checked 
by elemental analysis. The manganese content 
was checked by d~omposing the sample with 
concentrated nitric acid and complexometric 
titration.*’ A stock solution (0.1 O/o) of maneb 
was prepared by dissolving 100 mg in 
dimethysulphoxide, standardizing and further 
diluting as required. 

The composition of the complex as studied 
by Job’s method of continuous variation and 
the mole ratio method was 1:3:1 
(~n:PAR:CTAB). 

Boric acid buyer solution (pH 9.2) 

Boric acid and potassium chloride solutions 
(0.2&f, 100 ml each) were mixed, the pH ad- 
justed 9.2 with 0.2M sodium hydroxide and 
diluted to 500 ml. 

A calibration graph for maneb at 500 nm 
was linear over the concentration range 
0.08-2.4 pg/ml of maneb under the optima 
conditions tested above. Ten replicate 
determinations on sample solutions contain- 
ing 30 pg of maneb gave a mean absorbance 
of 0.50 with a RSD of 0.96%. The 
molar absorptivity and Sandell’s sensitivity 
(for an absorbance of 0.001) were 
8.84 x 104M -’ cm-’ and 0.003 pg/cm*, respect- 
ively. 

Interferences 

Solutions of diverse ions and other d~th~o~ar~a- 
mates 

Stock solutions of various salts were prepared 
by dissolving them in distilled water. Solutions 
of dithiocarbamates were prepared by dissolv- 
ing them in suitable solvents (ferbam, dram and 
thiram in acetonitrile, zineb in dimethylsulphox- 
ide) or in distilled water (NaDDC, nabam, etc.). 
Synthetic samples were prepared by mixing the 
appropriate solutions to give the required com- 
position. 

The interference of various ions in the deter- 
mination of 30 pg of maneb in 20 ml of final 
solution was studied. The following foreign ions 
(amounts in pa~ntheses) did not interfere: 
chloride (18 mg); bromide (16 mg); iodide (5 
mg); sulfate (15 mg); fluoride (8 mg); orthophos- 
fate; oxalate and citrate (120 pg); EDTA (50 
pg); Ni (II) (200 pg); Cu (II) (150 fig); Mg (II) 
(300 pg); Cr (III) (100 pg); Pb (II) (50 pg). Zinc 
interfered strongly but could successfully be 
masked with 1 ml of 5% potassium cyanide 
solution. 

General procedure 

To a known volume (< 1 ml) of sample 
containing 1.6-48 pg of maneb taken in a 
standard flask, 0.6 ml 0.02% of PAR solution, 
2 ml of boric acid buffer (pH 9.2) and 5 ml 
of 0.25% CTAB solutions were added and 
the volume was made up to 20 ml with 
distilled water. The absorbance of a part of this 

Dithiocarbamates like nabam (disodium 
ethylenebisthi~rbamate), vapam (sodium 
monomethyldithiocarbamate), dibam (sodium 
dimethyldithi~rbamate), NaDDC (sodium 
diethyldithiocarb~ate), thiram (tetramethylth- 
iuram disulphide) and sodium N-methylaniline- 
carbodithioate did not interfere in the 
dete~ination of maneb. Ferbam up to 2 mg did 
not interfere. Ziram and zineb could be masked 
with potassium cyanide. 
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Table I. damnation of maneb in commercial samples 

Maneb 

Amount of 
maneb taken 

(fin) 

Amount of maneb found* (w) 

Proposed Rangaswamy 
method et al. method 

Maneb 
(pure) 

Dithane M-45 
(80% W.P.) 

Dithane M-22 
(80% W.P.) 

20.0 
30.0 
40.0 
20.0 
30.0 
40.0 
20.0 
30.0 
40.0 

19.9 
30.1 
39.9 
20.1 

z: 
19:9 
29.9 
40.0 

19.7 
29.8 
39.8 
19.6 
29.8 
39.8 
19.7 
29.6 
39.8 

‘RSD, 1.2-2.0% (N = IO). 

Determination of maneb in commercial samples 
and synthetic mixtures 

The developed method was applied for the 
determination of maneb in commercial formu- 
lations ‘Dithane M-45’ and ‘Dithane M-22 
both containing 80% as active ingredient. Table 
1 shows the results of five dilutions of stock 
solutions prepared from a pure and commercial 
samples. The results are compared with those 
obtained by Ran~aswamy et al.= and the recov- 
eries are seen to be fully satisfactory. 

Determination of maneb in synthetic mixtures 

Mixtures of maneb with nabam, vapam, 
thiram, NaDDC, ziram and zineb in various 
proportions were prepared and determined 
by genera1 procedure. The results are given 
in Table 2. As compared to the method based 
on the formation of a molybdenum containing 
complex in which the other ~thiocarbamates 
like zineb, Gram, thiram, nabam, vapam and 

Table 2. Determination of maneb in synthetic mixtures 

Composition Amount of maneb (pg) 
and 

No. percentage Taken Found Rel. error (%) 

Maneb: 50 
Tbiram:20 
Vapam : 20 
NaDDC* : 10 
Maneb:40 

Ferbam:40 
Z&m:20 
Maneb: 50 

NaDDC20 
Nabam : 20 
Ziram: 10 
Maneb: 40 
Fe&am : 30 
Vapam : 20 
tineb: IO 

20.0 20.1 0.5 

30.0 30.2 0.6 

40.0 40.1 0.6 

50.0 50.2 0.5 

*Sodium diethylditbiocarbamate. 

NaDDC form their molybdenum complex 
under specified conditions, the method 
presented here is relatively selective. Nabam, 
vapam, NaDDC, thiram did not interfere with 
this method. Ziram and zineb did interfere but 
could be masked with potassium cyanide sol- 
ution. 

Though the sensitivity of gas chromato- 
graphic methods is greater, in terms of selectiv- 
ity the present method possesses some distinct 
advantages over the determination of dithiocat- 
bamates by gas chromato~aphy which involves 
the acidification of the samples to hydrolyse 
the dithiocarbamates to form CSr, extrac- 
tion of CS, and dete~ination of CS, by gas 
chromatography. ‘4,‘5 The varying conditions of 
acid hydrolysis are reported.15 All the dithiocar- 
bamates evolve CS2 on acid hydrolysis. Whereas 
the present method is direct and simple, 
and is made relatively selective for maneb 
since it is based on the complexation of manga- 
nese present in maneb with PAR, other 
dithiocarbamates do not interfere with this 
method. 

Determination of maneb in crops 

The procedure was applied for the determi- 
nation of maneb in grain, tomato and cabbage. 
A known amount of maneb was sprayed on 

Table 3. Determination of maneb in crops 

Amount of maneb (pg)* 

Crop Taken Found 

Grain 30.0 
40.0 

Tomato 30.0 
40.0 

Cabbage 30.0 
40.0 

*N = 3, 20 g of crops taken. 

29.9 
40.1 
29.8 
39.6 
30.0 
39.5 
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Table 4. Comparison of proposed method with other spectrophotometric methods 

Method 

Detection Molar 
range absorptivity 
(PPm) (M-’ cm-‘) Remarks Reference 

Rangaswamy 
et al. method 
Complex formation 
with moly~enum 

Complex fo~ation 
with diphenylcarbazone 
and pyridine 
Complex formation 
with FAN 
Complex formation 
with PAR 

540 1.2-20 - Low sensitivity, long 22 
tedious procedure 

670 S-40 0.384 x IO4 Low sensitivity and 16 
selectivity. 
Extraction not rapid. 

520 0.7-2.65 6.5 x lo4 Completely extractable 17 
in the presence of 
toxic pyridine 

550 0.66-3.8 4.1 x 104 Less sensitive than 25 
present method 

500 0.125-4.8 8.84 x lo4 Rapid, simple, more Present 
sensitive, does not method 
involve the extraction 
step and also 
selective. 

crops and after 15-20 min the crop was crushed 
finely, homogenized in a mixer and shaken 
mechanically for 1 hr. The mixture was filtered 
and the residue in the funnel was washed with 
three 10 ml portions of dimethylsulphoxide. The 
extracts were evaporated down to 2 ml and the 
remaining solvent removed by blowing a current 
of dry air at room temperature. The residue was 
dissolved in dimethylsulphoxide and maneb was 
determined by the general procedure. The re- 
sults are given in Table 3. 

CONCLUSIONS 

The present method is selective for the deter- 
mination of maneb in the presence of other 
d~thiocarbamates such as nabam, vapam, thi- 
ram, ziram, zineb, efc. The sensitivity of the 
present method is better than those reported by 
Lowen Cullen” and Chmiel.24 According to 
Lowen a minimum of 10 p g of CSt , and accord- 
ing to others a minimum of 20 fig of CS2 
evolved can be determined. According to Ran- 
gaswamy et al.,” 6 pg of the dithiocarbamate 
equivalent to 3.43 ,ug of CS, can be determined. 
However, with the present method a minimum 
of 4 pg of maneb equivalent to 2.29 pg of CS, 
can be determined. Although the gas chromato- 
graphic methods are more sensitive than the 
present one, they lack selectively since all dithio- 
carbamates pesticides liberate CS* on acid hy- 
drolysis. As compared to the method of Rao et 

al. based on the formation of manganese-l-(2’- 
pyridyIazo)-2-naphthol (Mn-PAD) complex,2s 
the sensitivity of the present method is double 
(Table 4). Moreover, the present method does 
not involve an extraction step, thus making it 
easier to perform. The simplicity, sensitivity, 

selectivity and wide applicability of this method 
make it a choice amongst the others. 
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