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ABSTRACT

A simple, sensitive and rapid flame atomic absorption spectrometric (FAAS)
method for the indirect determination of maneb in foods was described.
Manganese liberated by the decomposition of maneb has been determined by
FAAS and the maneb content has been calculated by using stoichiometric
relationship between manganese and maneb. The method has been successfully
applied to the analysis of water, tomato, wheat grain and commercial drug samples
for the determination of maneb. Relative standard deviation and relative error
were lower than 4% and the limit of detection was about 2 ng/mL for maneb.
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BAZI GIDALARDA MANEBIN (MANGAN ETIiLENBISDITIYOKARBAMAT)
ALEVLI ATOMIiK ABSORPSIYON SPETROMETRI iLE DOLAYLI TAYINi

1. GiRiS

OZET

Gidalarda manebin dolayli tayini i¢in basit, duyarli ve hizli bir alevli atomik
absorpsiyon spektrometrik (FAAS) yontem agiklanmistir. Manebin bozunmasiyla
ac1ga ¢tkan mangan FAAS ile tayin edilmis ve mangan ve maneb arasindaki
stokiyometrik iliskiden yararlanarak maneb igerigi hesaplanmstir. Onerilen
yontem, maneb tayini i¢in su, domates, bugday ve ticari ila¢ numunelerine
basariyla uygulanmstir. Bagil standart sapma ve bagil hata %4’ten daha kiigiik ve
maneb icin gézlenebilme sinir1 yaklasik 2 pg/mL’dir.

Anahtar Kelimeler: Maneb, dolayli tayin, atomik absorpsiyon spektrometrik
yontem, domates, bugday

1. INTRODUCTION

Su, toprak ve gida kirlenmesi kiiresel bir cevre
kirlenmesi haline gelmektedir. Baslica su, toprak ve gida
kirleticileri, tarimda yaygin olarak kullanilan karbamat ve
organofosfat ailesine aittir. Pestisitler ¢evrede oldukga
kalic1 maddeler olup, su kaynaklarma ve gida zincirine
bulagabilirler (1). Pestisit kalintis1 terimi, gidada, tarim
iriinlerinde  veya  hayvan  yemlerinde, pestisit
kullanimindan kaynaklanan herhangi bir belirli madde
anlamina gelir. Bu nedenle, pestisit kalintilarinin dogru
tayinleri i¢in bir¢ok ¢aligma yapilmustir.

Ditiyokarbamatlar tarimda pestisit olarak ve kauguk
sanayinde vulkanizasyonu hizlandirici ve antioksidan
olarak  kullanilmaktadir. Maneb ditiyokarbamat
pestisitlerinden biridir ve tarimda fungisit olarak
kullanilan mangan ethilenbisditiyokarbamatin yaygin
adidir (2). Ditiyokarbamat (DTC) komplekslerinin

Water, soil and food contamination has become a
global environmental pollution problem. The major water,
soil and food contaminants belong to the family of
carbamate and organophosphate pesticides, which are
ubiquitously used in agriculture. Pesticides are highly
persistent in the environment, thus polluting the water
supply and food chains (1). The term pesticide residue
means any specified substances in food, agricultural
commodities, or animal feed resulting from the use of
pesticide. Therefore, many studies have been performed
for the accurate determination of pesticide residues.

Dithiocarbamates are applied in agriculture as
pesticide and in the rubber industry as vulcanization
accelerators and anti-oxidants. Maneb is one of the
dithiocarbamate pesticides and is a common name for
manganese ethylenebisdithiocarbamate which is used as
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toksikolojik ve yapr degistirme (mutasyonel) etkileri
oldugundan dolay1 (3), DTC komplekslerini hizlt ve dogru
bir yontemle ayirmak, belirlemek ve tayin etmek
gereklidir.

Ditiyokarbamatlar sistemik fungisitlerden degildir
fakat mantar enfeksiyonundan once uygulanan koruyucu
fungusittir. Bu nedenle, bu maddeler esas olarak yiizeyde
birikerek mantarlar1 hasara ugratirlar. Bu kalmtilarin bu
Ozelligi, baslica rutubetten, sicakliktan ve atmosferik
nemden etkilenir.

Bazi iki degerli metal iyonlarinin
alkilenbisditiyokarbamatlarimin analizi, diistik
¢oziiniirliikkleri, diisiik kararliliklar1 ve polimerik yapilar
nedeniyle zordur (4). Ditiyokarbamatlar baslica, sicak
mineral asitlerle parcalama sonucu amin ve karbon
disiilfiriin - (CS,) ag¢iga ¢iktigi tepkime iriinlerinin
Olclilmesine dayanan spektrofotometri, gaz kromatografi
veya ince tabaka kromatografisini de iceren dolayli
yontemlerle tayin edilir (5, 6). Ditiyokarbamatlarin ¢ogu
karbon disiilfiire pargalandiklar1 i¢in, bu yodntemlerin
cesitli ditiyokarbamatlar arasinda tipik olarak ayrim
yapamamas: Onemlidir. Ditiyokarbamatlar, UV-GB
spektrofotometri (7, 8), voltametri (9), yiiksek
performanslt sivi kromatografisi (10), florimetri (11),
titrimetri (12), gaz kromatografi (13), sivi kromatografi
(14) ve kilcal elekroforez (15) yontemleriyle de tayin
edilebilir. Ditiyokarbamatlarin tayini i¢in kullanilan diger
yontemler bilesigin metalik kisminin dl¢lilmesine dayanir
(1, 8, 16). Yukarida sozii edilen yontemlerin ¢gogu, zaman
alici yontemlerdir ve Oziitleme ve zenginlestirme gibi
numunenin 6n islemlere tabi tutulmasini gerektirir. Bu
yontemler ayni zamanda standart maneb ¢ozeltisi ile bir
kalibrasyon yapmay1 gerektirir.

Son yillarda, baz1 organik maddelerin AAS ile dolayl
tayinleri ile ilgili ¢ok sayida g¢alisma yaymlanmistir.
Alpdogan bazi analjezik uyarici ilaglart FAAS ile tayin
etmigtir (17). Jiang ve arkadaglar1 C vitamininde ve bazi
meyve sularinda askorbik asit tayin etmislerdir (18).

Bu ¢alismada, maneb tayini i¢in mangan Olgiilmesine
dayanan dolayli bir atomik absorpsiyon spektrometrik
yontem agikliyoruz. Bu yontemde, manebin pargalanmasi
disinda herhangi bir 6n isleme gerek yoktur. Ayrica,
numuneyi tamamen ¢ézmeye de gerek yoktur. Meyve
veya sebze numunesinin yiizeyinde bulunan manebin
parcalanmasi yeterlidir. Bu yontem, domates, bugday ve
ticari ilagta maneb tayinine basariyla uygulanmistir.

2. DENEYSEL KISIM
2.1 Cihazlar

Mangan tayini i¢in, déteryum lamba zemin diizeltmeli,
mangan oyuk katot lambali (OKL) ve hava-asetilen alev
baglikli bir Philips PU 9285 Model alevli atomik
absorpsiyon spektrometresi kullanildi. Cihaz degiskenleri
asagidaki gibidir: Dalga boyu, 279.5 nm, lamba akimi, 6
mA, yarik genisligi, 0.5 nm, yakit akis hizi, 1.0 L/min.
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fungicide in agriculture (2). As dithiocarbamate (DTC)
complexes are known to have toxicological and
mutational effects (3), it is necessary to separate, identify
and determine the DTC complexes by a rapid and
accurate method.

Dithiocarbamates do not belong to systemic fungicides
but are protectant fungicide applied prior to fungus
infection. Therefore, they act upon damaging fungi
chiefly by surface deposits. The behaviour of these
residues is mainly influenced by moisture, temperature
and atmospheric humidity.

The analysis of alkylenebisdithiocarbamates of some
bivalent metal ions is hampered by their low solubility,
low  stability and  polymeric  structure  (4).
Dithiocarbamates are mainly determined by indirect
methods including spectrophotometry, gas
chromatography or thin layer chromatography based on
the reaction products, liberated after decomposition by hot
mineral acids to amine and carbon disulphide (CS,) (5, 6).
It is important that these methods are typically unable to
distinguish among various dithiocarbamates since most
can be decomposed to carbon  disulphide.
Dithiocarbamates have also been determined by UV-
visible spectrophotometry (7, 8), voltammetry (9), high
performance liquid chromatography (10), fluorimetry (11),
titrimetry  (12), gas chromatography (13), liquid
chromatography (14) and capillary electrophoresis (15).
Other methods for the determination of dithiocarbamates
rely on the measurement of the metallic portion of the
compounds (1, 8, 16). Most of the methods mentioned
above are time consuming and require pretreatment of
samples such as extraction and preconcentration
procedures. They also require a calibration with standard
maneb solution.

In recent years, a number of studies about indirect
determination of some organic substances by AAS have
been published. Alpdogan has determined some analgesic
inflammatory drugs by FAAS (17). Jiang et al. have
determined ascorbic acid in vitamin C and in some fruit
juices (18).

In this study, we describe an indirect flame atomic
absorption  spectrometric method based on the
measurement of the manganese for the determination of
maneb. In this method, no pretreatment procedure is
required, except the decomposing of maneb. Moreover, it
is not necessary to dissolve the sample completely. It is
sufficient to decompose the maneb present on the surface
of the sample of fruit or vegetable. The method has been
successfully applied to the determination of maneb in
tomato, wheat grain and commercial drugs.

2. EXPERIMENTAL
2.1 Apparatus

A Philips PU 9285 Model flame atomic absorption
spectrometer equipped with deuterium lamp background
correction, manganese hallow cathode lamp (HCL) and
air-acetylene burner was used for the determination of the
manganese. The instrumental parameters were as follows:
Wavelength, 279.5 nm, lamp current, 6 mA, bandpass, 0.5
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Spektrofotometrik 6lgmeler icin, 10 mm x10 mm kuvars
hiicreli  bir  Unicam UV2-100 Model UV-GB
spektrofotometresi kullanildi. Maneb i¢in en yiiksek
absorpsiyon dalga boyu 257 nm idi.

2.2 Reaktifler

Aksi belirtilmedikge ¢ift damitik, iyonlar1 giderilmis su
ve analitik saflikta kimyasal maddeler kullanildi. Mangan
stok c¢ozeltisi (1000 pg/mL), uygun miktarda mangan
siilfat ¢oziilerek hazirlandi. Calisma ¢ozeltileri seyreltme
ile stok ¢6zeltiden hazirlandi. Maneb [Riedel de Haén,

%95.5(m/m)] alindigi haliyle kullanildi.
Spektrofotometrik  analizde, 100 pg/mL’lik maneb
¢oOzeltisi manebin dimetilsiilfoksit (DMSO) iginde

¢oziilmesiyle hazirlandi. Daha diisiik derigsimdeki ¢alisma
cozeltileri DMSO ile uygun seyreltmeler yapilarak
hazirlandi. Sonuglar iizerine manebin olasi
bozunmasindan kaynaklanacak etkileri 6nlemek i¢in,
calisma c¢ozeltileri stok ¢ozeltinin uygun hacimlerinin
seyreltilmesiyle her giin taze olarak hazirlandi.

2.3 Genel islem

Katkili numunelerin hazirlanmasi i¢in manebin bilinen
bir miktar1 suya, domatese ve bugday danesine ilave
edildi. Bu amagla, 15.3 mg maneb, sirasiyla 20 mL suya,
50 g domatese ve 1 g bugday danesine ilave edildi. Katkili
bugday danesi numunesi, 15.3 mg maneb igeren 20 mL
suyun 1 g bugday danesine ilave edilmesiyle ve en az 30
min siireyle iyice karistirilmasiyla hazirlandi. Katkili
domates numunesini hazirlamak ic¢in, 50 g domates
blenderde kiigiik parcalara ayrildi ve karisima 15.3 mg
maneb ilave edilerek en az 30 min siireyle iyice
karistirildi. Katkili numunelere 20 mL derisik HCI ilave
edildi ve manebin tamamen ¢dziilmesi igin karisim 1sitildi.
Elde edilen karisgim, maneb igeren ¢ozeltiyi gida
kalintisindan ayirmak i¢in bir slizge¢ kagidindan siiziildii.
Kalinti, manebin tamamen ¢ozeltiye gegmesini saglamak
icin iki kez 10 mL 1 M HCI ile yikandi. Siiziintii ve
yikama sular1 100 mL’lik 6l¢iilii balonda toplandi ve isaret
cizgisine kadar su ile seyreltildi. Bu ¢6zeltinin 1 mL’si,
mangan derisiminin, alevli atomik absorpsiyon tayini i¢in
elde edilen bir kalibrasyon grafiginin caligma araligina
(0.5 pg/mL -5 pg/mL) diismesi i¢in 10 mL’ye seyreltildi.
Sonra, mangan, mangan standart ¢cozeltileriyle elde edilen
bir kalibrasyon grafigi kullanilarak FAAS ile tayin edildi.
Kalibrasyon ¢ozeltileri, bu ¢ozeltilere uygun miktarda
HCl ilave edilerek numune ¢dzeltileri ile benzestirildi. Bu
son seyreltme ve FAAS ile tayin islemi bes kez
tekrarlandi. Maneb derisimi stokiyometrik iliski (Manebin
(C4HgN,S;Mn) mol kiitlesi 265.29 ve manganin atom
kiitlesi 54.94. Boylece, 1 g mangan 4.829 g manebe
esdegerdir) kullanilarak hesaplandi.

Atomik absorpsiyon yonteminin dogrulugunu kontrol
etmek i¢in maneb spektrofotometrik olarak da tayin edildi.
UV-GB spektrumu maneb standart ¢ozeltisi (10 pg/mL)
ile 1 cm’lik kuvars hiicrede DMSO’e kars1 elde edildi.
Bugday danesindeki manebin spektrofotometrik tayini
icin, katkili bugday danesi numunesi, manebin ¢oziilmesi
igin 30 mL DMSO ile muamele edildi. Manebin tam
¢Ozlinmesini saglamak i¢in karisim 30 min siireyle

nm, fuel flow rate, 1.0 L/min. For spectrophotometric
measurement a Unicam UV2-100 Model UV-visible
spectrophotometer with a 10 mm x10 mm quartz cell was
used. The wavelength of maximum absorption used for
maneb was 257 nm.

2.2 Reagents

Doubly distilled deionized water and analytical reagent
grade chemicals were used unless otherwise indicated.
Manganese stock solution (1000 pg/mL) was prepared by
dissolving the appropriate amounts of manganese
sulphate. The working solutions were prepared by dilution
from the stock solution. Maneb [Riedel de Haén,
95.5%(m/m)] was used as received. In the
spectrophotometric analysis a 100 pg/mL solution of
maneb  was  prepared by dissolving it in
dimethylsulphoxide (DMSO). Working solutions of lower
concentrations were prepared by appropriate dilutions
with DMSO. In order to avoid the influence on the results
from the possible degradation of maneb, the working
solutions were freshly prepared every day by diluting the
stock solutions to the appropriate volumes.

2.3 General procedure

A known amount of maneb has been added to water,
tomato and wheat grain to prepare spiked samples. For
this purpose, 15.3 mg of maneb was added to 20 mL of
water, 50 g of tomato and 1 g of wheat grain, respectively.
Spiked wheat grain sample was prepared by adding 20
mL of water, containing 15.3 mg of maneb to 1 g of wheat
grain and mixing thoroughly for at least 30 min. For
preparing the spiked tomato sample, 50 g of tomato have
been broken into pieces in a blender, 15.3 mg of maneb
has been added and the mixture has been mixed
thoroughly for at least 30 min. 20 mL of concentrated HCI
has been added to the spiked samples and the mixtures
have been heated to decompose the maneb completely.
The mixture obtained has been filtered with a filter paper
to separate the food residue from the solution containing
maneb. The residue has been washed with two 10 mL
portions of 1 M HCIl to provide the complete extraction of
maneb to the solution. Filtrate and washings have been
collected together into a 100 mL volumetric flask and
diluted to the mark with water. 1 mL of this solution has
been diluted to 10 mL to obtain a manganese
concentration fall in to the working range of a calibration
graph (0.5 pg/mL -5 pg/mL) for flame atomic absorption
determination. Then, manganese has been determined by
FAAS using a calibration graph obtained with manganese
standard solutions. Calibration solutions have been
simulated to the sample solution by adding appropriate
amount of HCI to the calibration solutions. This last
dilution and FAAS determination procedure have been
repeated five times. Maneb concentration has been
calculated by using stoichiometric relationship (Molecular
mass of maneb (C4HgN,S4Mn) is 265.29 and atomic mass
of manganese is 54.94. Thus, 1 g of manganese is
equivalent to 4.829 g of maneb).

To check the accuracy of the atomic absorption
method, maneb has also been  determined
spectrophotometrically.  UV-visible  spectrum  was
obtained with maneb standard solution (10 pg/mL)
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manyetik karistiricida  karistirildi.  Sonra, karigim  bir
stizgec kagidindan siiziildii ve kalinti manebin tam
¢coziinmesini saglamak icin 10 mL DMSO ile yikandi.
Stiztintii DMSO ile 100 mL’ye seyreltildi ve bu ¢ozeltinin
1 mL’si tekrar 10 mL’ye seyreltildi ve maneb tayini igin
spektrofotometrik olarak analiz edildi. Bu son seyreltme
ve 0lgme islemi bes kez tekrarlandi.

Ilag analizi igin, 0.0181 g ilag numunesi tozu 10 mL
derisik HCI ile muamele edildi ve numuneyi tamamen
¢ozmek i¢in karigim sitildi. Soguduktan sonra, ¢dzelti bir
olgiili balonda su ile 100 mL’ye seyreltildi. Bu
cozeltideki, ilacin belirtilen safligi g6z Oniine alinarak
hesaplanan maneb derigimi 14.48 pg/mL’dir. Bu ¢ozelti
numune ¢ozeltisi olarak kullanildi ve mangan tayini bu
¢ozeltide yapildi. Dogrulugu kontrol etmek igin standart
ckleme teknigi de uygulandi. Standart ekleme yontemi
icin 0.0604 g ilag tozu ¢oziildi ve 100 mL’ye seyreltildi.
Bu ¢ozeltinin 5 mL’si bir kez daha 100 mL’ye seyreltildi.
Ticari ilacin belirtilen saflif1 %80 olarak dikkate alinarak,
bu c¢ozeltideki maneb derisimi 24.16 pg/mL olarak
hesaplandi. Bu ¢6zelti numune ¢ozeltisi olarak kullanildi.
Numune ¢o6zeltisinden 5 mL’lik dort kisim, 25 mL’lik
Olgiilii balonlara alindi. Birinci kisim su ile 25 mL’ye
seyreltildi. Diger ii¢ 6lgiilii balona sirasiyla 5 mL, 10 mL
ve 15 mL standart mangan ¢6zeltisi (5 pg/mL) ilave edildi
ve hepsi de 25 mL’ye seyreltildi.

3. SONUCLAR VE TARTISMA
3.1 Su numunesinde maneb tayini

Katkili su numunesi yukarida bahsedilen genel islem
uygulanarak analiz edildi. Sonuglar Cizelge 1’de
gosterilmistir.  Cizelge 1’den  goriilebilecegi  gibi,
spektrofotometrik olarak bulunan maneb derisimi FAAS
ile elde edilen sonuglarla uyum igindedir.

G.U. J. Sci., 18(1):93-101 (2005)/ A. Rehber TURKER* Bur¢in SEZER

against DMSO with 1 com quartz cell. For
spectrophotometric determination of maneb in wheat
grain, the spiked wheat grain sample was treated with 30
mL of DMSO in order to dissolve the maneb. The mixture
was mixed with a magnetic stirrer for 30 min to provide
complete dissolution of the maneb. Then, the mixture was
filtered with a filter paper and the residue was washed
with 10 mL of DMSO to provide the complete separation
of maneb. The filtrate was diluted to 100 mL with DMSO
and 1 mL of this solution was diluted again to 10 mL and
analyzed spectrophotometrically for maneb determination.
This last dilution and measurement procedure was
repeated five times.

For drug analysis, 0.0181 g of a drug sample powder
was treated with 10 mL of concentrated HCl and the
mixture was heated to decompose the sample completely.
After cooling, the solution was diluted to 100 mL with
water in a volumetric flask. Maneb concentration of this
solution calculated by considering the specified purity of
the drug is 14.48 pg/mL. This solution was used as
sample solution and manganese was determined in this
solution. In order to check the accuracy, standard addition
technique was also applied. For the standard addition
method, 0.0604 g of a drug powder was dissolved and
diluted to 100 mL. 5 mL of this solution was further
diluted to 100 mL. Maneb concentration of this solution
was calculated as to be 24.16 pg/mL by considering the
specified purity of commercial drug is 80 %. This
solution was used as sample solution. Four 5 mL aliquots
of the sample solution were taken in 25 mL volumetric
flasks. One aliquot was diluted with water to 25 mL. 5
mL, 10 mL and 15 mL of standard manganese solution (5
png/mL) were added to the other three flasks, respectively
and diluted to 25 mL.

3. RESULTS AND DISCUSSION
3.1 Determination of maneb in water sample

The spiked water sample has been analyzed by
applying the general procedure mentioned above. The
results have been shown in Table 1. As can be seen in
Table 1, the maneb concentration found by
specrophotometrically is in accordance with the result
obtained with FAAS.
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Table 1. Determination of maneb in water
Cizelge 1. Suda maneb tayini

Method/ | Added/ Mean manganese content found/ Calculated maneb RSD/ | Recovery/
Yontem | Ilave s . content”/ BSS Geri kazanim
edilen Bulunan ortalama mangan igerigi Hesaplanan maneb % %

pug/mL pg/mL igerigi
Spiked Unspiked  Corrected/ pg/mL
Sample/ Sample/
Katkili Katkisiz  Diizeltilmis
numune numune
FAAS 14.46 2.98 - 14.1+0.7 1.1 97.5
UV-Vis | 14.46 144 +0.8 4.5 99.6

a)Mean tts/+VN ((95% confidence level), N=5.
Ortalama *+ts/+/ N ((%95 giiven diizeyi), N=5

3.2 Bugday numunesinde maneb tayini

Katkili bugday danesi numunelerinde maneb tayini i¢in
genel islem uygulandi. Maneb yerine ayni miktarda su
ayni1 miktarda bugday danesi numunesine ilave edilerek,
maneb ilave edilmemis numune i¢in de bir deney yapildi.
Katkili numune i¢in elde edilen degerden maneb
katilmamis numune igin elde edilen deger c¢ikarilarak
diizeltilmis mangan derisimi hesaplandi. Cizelge 2’den
goriildiigli gibi, maneb tayini i¢in dogruluk ve kesinlik
olduk¢a tatminkardir. Maneb genel islem boliimiinde
anlatilan spektrofotometrik yontemle de tayin edildi. Her
iki yontemle elde edilen sonuglar birbiriyle uyum
icindedir.

Table 2. Determination of maneb in wheat grain
Cizelge 2. Bugday danesinde maneb tayini

3.2 Determination of maneb in wheat grain

The general procedure has been applied for the
determination of maneb in spiked wheat grain sample. A
test with an untreated sample has also been carried out by
adding the same amount of water instead of maneb to the
same amount of wheat grain. The corrected manganese
concentration has been calculated by subtracting the
untreated sample value from the spiked sample value. As
shown in Table 2, the accuracy and precision for the
determination of maneb was quite satisfactory. Maneb
was also determined spectrophotometrically by the
method given in general procedure section. The results
obtained by each method were in accordance with each
other.

Method/ | Added/ Mean manganese content found/ Calculated maneb RSD/ | Recovery/
Yontem | Tlave Bulunan ortalama mangan igerigi content”/ BSS Geri kazanim
edilen Hesaplanan maneb % %
pg/mL . H g/.mL icerigi
Spiked Unspiked Corrected/
pug/mL
Sample/ Sample/
Katkili Katkisiz Diizeltilmis
numune numune
FAAS 14.46 2.95 0.04 13.81 £0.05 0.3 95.5
UV-Vis | 14.46 13.97 £0.30 1.7 96.6

Y Mean +15/~N (95% confidence level), N=5.
Ortalama  £5/+/ N (%95 giiven diizeyi), N=5
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3.3 Domates numunesinde maneb tayini

Katkili domates numunesinde maneb tayini i¢in genel
islem uygulandi. Maneb yerine ayn: miktarda su aymni
miktarda domates numunesine ilave edilerek ve genel
islem uygulanarak, maneb ilave edilmemis numune igin
de bir deney yapildi. Katkili numune igin elde edilen
degerden maneb katilmamis numune ic¢in elde edilen
deger ¢ikarlarak diizeltilmis mangan derisimi hesaplandi.
Cizelge 3’ten goriilebilecegi gibi, bagil standart sapma
%?2’den daha diisiik ve yiizde bagil hata %4’ten daha
kiigliktiir. Katkili domates igin elde edilen manebin geri
kazanimi %96’nin iizerindedir. Islem gérmemis (maneb
katilmamis) domateste ¢ok diisiik maneb geri kazanimina
karsilik gelen ¢ok diisiik mangan geri kazanimi elde
edilmistir. DMSO ilavesiyle domatesten agiga ¢ikan renkli
maddeler manebin  absorpsiyon  pikine  girisim
yaptiklarindan dolayi, domates numunesinde manebin
spektrofotometrik tayini yapilamadi.

Table 3. Determination of maneb in tomato
Cizelge 3. Domateste maneb tayini
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3.3 Determination of maneb in tomato

The general procedure has been applied for the
determination of maneb in spiked tomato sample. A test
with untreated sample has been carried out by adding the
same amount of water instead of maneb to the same
amount of tomato and applying general procedure. The
corrected manganese concentration has been calculated by
subtracting the untreated sample value from the spiked
sample value. As can be seen in Table 3, the relative
standard deviation is less than 2 % and percent relative
error is less than 4 %. Recovery of maneb from treated
tomato is above 96 %. Untreated sample of tomato
showed very low recovery of manganese corresponding to
a very low recovery of maneb. Spectrophotometric
determination of maneb could not be performed in the
tomato sample, because colored substances liberated from
the tomato by adding DMSO, interfere the absorption
peak of maneb.

Method/ | Added/ Mean manganese content found/ Calculated maneb RSD/ | Recovery/
Yontem | Ilave Bulunan ortalama mangan igerigi content”/ BSS Geri kazanim
edilen Hesaplanan maneb % %

pg/mL . M g/‘mL icerigi
Spiked Unspiked Corrected/
pg/mL
Sample/ Sample/
Katkili Katkisiz Diizeltilmis
numune numune
FAAS 14.46 3.20 0.28 13.9+0.2 1.1 96.1

Y Mean +15/~N (95% confidence level), N=5./ Ortalama *¢s/+/ N (%95 giiven diizeyi), N=5

3.4 Ticari ila¢ numunesinde maneb tayini

Bu yontem, ilag formiilasyonunun belirtilen degeri
saglayip saglamadigini kontrol etmek igin bir ticari ilag
numunesinde maneb tayini i¢in de uygulandi. Ticari ilacin
belirtilen safligi %80 idi. Tayin sonuglar1 Cizelge 4’te
verilmigtir. Bu analiz, Onerilen yontemin dogrulugunu
kontrol etmek icin standart ekleme teknigi ile de yapildi.
Standart ekleme yonteminde, standartlar  gergek
numuneden hazirlandiklari i¢in, numuneler ve standartlar
arasindaki fiziksel ve kimyasal uyumsuzluklar en aza
indirilir. Bu yontemde, birden fazla numune ¢ozeltisi
kismi alinir ve her bir kisma tayin edilecek elementin
farkli miktarlar ilave edilir. . Birinci kisim tayin edilecek
element ilave edilmeksizin seyreltilir. Analitik sonug,
absorbanslar eklenen derigimlere karsi grafige gecirilerek
ve grafik dogrusu sifir absorbansa uzatilarak elde
edilebilir. Numune ¢dzeltisinin mangan derigimi, standart
ekleme kalibrasyon grafiginden 1.025 pg/mL olarak
bulunmugtur. Numune ¢6zeltisindeki maneb derisimi
asagidaki gibi hesaplanmustir: 1.025 pg/mL x 4.829 x 25
mL/5 mL = 2475 pg/mL.llagc numunesinin saflig1,
standart ekleme teknigi kullanilarak ve seyreltmeler goz
Oniine alinarak %81.9 olarak bulunmustur. Analizde elde
edilen sonuglar birbiriyle ve imalatginin verdigi degerle
uyum igindedir.

3.4 Determination of maneb in a commercial drug
sample

The present method has been also applied for the
determination of maneb in a commercial drug sample in
order to control whether the drug formulation conform the
specified value. The specified purity of commercial drug
was 80 %. Results of the determination are given in Table
4. This analysis was also carried out by the standard
addition technique to control the accuracy of the proposed
method. In the standard addition method, physical and
chemical mismatch between samples and standards is
minimized because the standards are prepared from the
actual samples. In this method, several aliquots of sample
are taken and different amount of analyte element is
added to each aliquot. One aliquot is diluted without any
addition of analyte element. The analytical result can be
obtained by plotting absorbances against added
concentrations and extrapolating the graph to zero
absorbance. Manganese concentration of the sample
solution was found from the standard addition calibration
graph as 1.025 pg/mL. Maneb concentration of sample
solution was calculated as follows: 1.025 pg/mL x 4.829 x
25 mL/5 mL = 24.75 pg/mL. The purity of the drug
sample was found to be 81.9 % by the standard addition
technique by considering dilutions. The results obtained in
the analysis agreed well with each other and that provided
by the manufacturer.
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Table 4. Determination of maneb in commercial drug formulation

Cizelge 4. Ticari ila¢ formiilasyonunda maneb tayini

Specified value/Belirtilen deger Found/Bulunan
In original In sample | In original In sample
drug / solution/ drug / solution/
Orijinal Numune Orijinal Numune
ilagta ¢oOzeltisinde | ilagta ¢oOzeltisinde
%(m/m) png/mL %(m/m) pg/mL
Calibration graph
method/
Kalibrasyon 80 14.5 85.1 154+0.8
grafigi yontemi
Standard addition 80 242 81.9 24.8
method/ Standart
ekleme yontemi

¥ Mean 15/~ N N=5(95% confidence level) (for calibration graph method).
Ortalama + 5 /+/N N=5 (%95 giiven diizeyi) (kalibrasyon grafigi yontemi i¢in)

3.5 Yontemin duyarhg,
dogrulugu

seciciligi,  Kkesinligi ve

Sunulan yontemin duyarligi, agiga ¢ikan CS;’nin
tayinine ve UV-GB spektrofotometriye dayanan
yontemlerinki ile hemen hemen aymi veya ¢ok az
diisiiktiir[2]. Sunulan yontemin duyarligi asidik sulu
ortamda mangan tayininin duyarliina baghdir. Asidik
ortamda mangan tayini i¢in uygun olan kosullar altinda,
kalibrasyon grafigi, 2.4 pg/mL — 24 pg/mL’lik maneb
derisimine karsilik gelen 0.5 pg/mL — 5 pg/mL’lik
mangan derisimleri araliginda dogrusaldir.

Sunulan yontem mangan tayinine dayandigindan ve
diger ditiyokarbamatlar bu yonteme girisim yapmadigi
icin, bu yontem diger ditiyokarbamatlar varliginda maneb
tayini i¢in bagil olarak secicidir. Bu ydntemin baglica
yetersizligi, pestisit formiilasyonunda ve gidalarda dogal
olarak bulunabilecek diger mangan bilesiklerinin
girisimidir. Fakat, bu sorun tanik numuneler analiz
edilerek kolaylikla ¢oziilebilir. Yontemin kesinligi c¢ok
iyidir. Cizelge 1, 2 ve 3’ten goriilebilecegi gibi, bagil
standart sapma %2’den daha diisiiktiir.

Atomik absorpsiyon yonteminin dogrulugunu kontrol
etmek icin maneb, spektrofotometrik olarak da tayin
edildi. En yiiksek absorbansin elde edildigi dalga boyunda
(257 nm) maneb stok ¢ozeltisinden seyreltilerek
hazirlanan kalibrasyon ¢o6zeltilerinin absorbanslari 6l¢iildii
ve kalibrasyon grafigi [A= 0.043 C + 0.0121, r2=0.9925]
elde edildi. FAAS ile elde edilen degerler UV-GB
spektrofotometri ile elde edilenlerle uyum igindeydi.
Yontemin dogrulugu da tatminkardir. Biitiin numuneler
icin geri kazanimlar %95’in iizerindedir.

3.5 Sensitivity, selectivity, precision and accuracy of
the method

The sensitivity of the present method is almost the
same or slightly less than those of the methods based on
the determination of liberated CS, and UV-visible
spectrophotometry [2]. The sensitivity of the present
method depends on the sensitivity of manganese
determination in acidic aqueous medium. Under the
optimum conditions for manganese determination in
acidic medium, the calibration graph was linear over the
concentration range 0.5 pg/mL — 5 pg/mL manganese
which correspond the concentration range 2.4 pg/mL — 24
pg/mL maneb.

The present method is relatively selective for the
determination of maneb in the presence of other
dithiocarbamates since it is based on the manganese
determination, other dithiocarbamates do not interfere
with this method. The main disadvantage of the method is
the interference of other manganese compounds may be
present naturally in pesticide formulation and in foods.
But, it could be solved easily by analyzing the blank
samples.

The precision of the method is very good. As can be
seen in Tables 1, 2 and 3, relative standard deviations are
less than 2 %.

To check the accuracy of the atomic absorption
method, maneb has also been  determined
spectrophotometrically. At the maximum absorption
wavelength (257 nm), the absorbances of calibration
solutions prepared by diluting the maneb stock solution
have been measured and the calibration graph [A= 0.043
C +0.0121, 1*=0.9925] was obtained. The results obtained
by FAAS agreed with those obtained by UV-Visible
spectrophotometry. The accuracy of the method is
satisfactory. Recoveries are above 95 % for all samples.
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4. SONUC

Alevli atomik absorpsiyon yontemi, bazi gidalarda
%4’tin altinda bagil hata ile maneb tayininin yapilmasini
sagladi. Bu dolayli yontem, hizli, basit, duyarli ve
dogrudur. Kalibrasyon i¢in maneb standartlarina
gereksinim yoktur. Herhangi bir mangan tuzu ¢ozeltisi
kalibrasyon ¢ozeltisi olarak kullanilabilir. Numune &n
islemi de oldukga basittir. Siizme diginda oziitleme ve
ayirma  islemine  gereksinim  duyulmaz. = Maneb
numunelerden yiiksek kesinlik ve duyarlikla nicel olarak
geri kazanilmistir. Ayrica, bu yontemin, CS,’nin olusumu,
Oziitlenmesi ve tayinini kapsayan gaz kromatografi ile
tayinine gore bazi belirgin tstiinliikleri vardir. Pargalanma
sonucu biitiin ditiyokarbamatlarin CS, agiga ¢ikarmasi
diisiik segicilige yol agar. Bu yontem ayrica, bazi diger
yontemlerde kullanilan piridin gibi tehlikeli kimyasal
maddelerin kullanimini da gerektirmez.

Bu yontem, formiilasyonlardaki dolgu maddeleri
genellikle mangan icermediginden dolayi, mangan igeren

ticari  pestisitler i¢in stk yapilan  formiilasyon
denetimlerinde basariyla uygulanabilir.
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4. CONCLUSION

The flame atomic absorption spectrometric method
allowed the determination of maneb in some foods by a
relative error below 4 %. This indirect method is rapid,
simple, precise and accurate. No maneb standards are
needed for the calibration. Any solution of manganese salt
may be used as a calibration solution. The sample
pretreatment procedure is also very simple. No extraction
and separation are needed, except filtration. Maneb was
quantitatively recovered from the samples with a high
precision and accuracy. In addition, this method possesses
some distinct advantages over determination of
dithiocarbamates by gas chromatography involving
formation, extraction and determination of CS,. All
dithiocarbamates evolve CS, on acid digestion result poor
selectivity. The method also avoids the use of hazardous
chemicals such as pyridine etc. used in the certain
methods.

This method can be applied successfully in routine
formulation controls for commercial pesticides containing
manganese, because the filling materials present in the
formulations generally do not contain manganese.
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