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Abstract: 2,4-D Acid (Dichlorophenoxy acetic acid) is a herbicide which is commonly used for agricultural
protection in our country. However, the scope of environmental and ecological problems that 2,4-D acid may
cause is not known in detail. The ecotoxic studies showed that the usage of 2,4-D causes soft tissue sarcomas
in human beings, increase in neoplastic variations in organs such as stomach,  pancreas,  lung,  skin  and
urinary bladder, decrease in the number of sperms in males and increase in the risk prostate  cancer.  Moreover,
the studies showed that 2,4-D is directly or indirectly effective on all organisms present in aquatic environment
such as birds, insects, fish and algae by mixing into the air, soil and water and has some toxic effects on
ecosystem  depending on  this. For this  reason,  it’s  very  important  to  raise  awareness  of  public  about
the unawareness usage of 2,4-D resulting in ecologic risk factors. It seems as an obligatory to raise awareness
of public about the usage of this pesticide and to bring new arrangements about its usage in our country.
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INTRODUCTION Health Organization (WHO) has limited  the  maximum

2,4-D (Dichlorophenoxy acetic acid) which was used the following 2,4-D residual levels  are  permitted; 0.5
as a regulatory chemical for the growth of plant at the mg/kg in barley,  wheat  and  rye,  2  mg/kg  in  citrus
beginning was developed by Zimmerman and Hithoock in fruits, 0.05 mg/kg in   meat,   milk   and   egg,   0.5   mg/kg
1942 and was used as a herbicide  by  Hammer  and  Tukes in   herbs.  These  amounts  are determined in Germany
in 1944 [1]. 2,4- Dichlorophenoxy acetic acid (2,4-D) which and in  other   European   countries   as  follows:  0.1
is in the chlorophenoxyacetic acid group herbicides is mg/kg in wheat and other cereals, 0.2 mg/kg in  fresh
used in different areas for different aims [2]. The amine fruits  and  vegetables [5-7]. Daily intake for 2,4-D is
salt or ester of 2,4-D is used in the areas such as determined as 300 µg/kg/day by World Health
meadows and agricultural areas against broad-leaved Organization [8, 9].
weeds. Its esters are generally used in pinewood It was also stated that the usage of 2,4-D acid among
plantation and cutting areas and in the regions where in agriculture sector of USA was  (28-33  million  pound)
non-evergreen trees are present [3]. The granular form of in the fifth order among other pesticides [10]. Although
2,4-D, on the other hand, is used in irrigation, channels the usage of this pesticide is prohibited or some
and  lake  areas such  as pools. Low dosages  of  2,4-D restrictions are imposed in Sweden and in some European
(20-40 mg/lt) is used for the aim of dropping immature countries, there is no prohibition or restriction in our
fruits, increasing the color of red varieties of potatoes or country. Although it was determined that the usage of
increasing the number of middle size tubers. It is also these pesticides for the aim of agriculture has no negative
known  about   these   pesticides   that   they    increase ecologic effects on living things present and environment,
the storage period of citrus fruits [3, 4]. the number of studies showing the toxic effects of these

Codex Alimentarius Commission of United Nations pesticides on immune system and different tissues is
Food and Agriculture Organization (FAO) and World increasing day by day [11].

level of 2,4-D in some food materials. According to this,
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Table 1: Herbicides that are commonly used in Turkey and their
consumption rates [12]

Consumption rates of herbicides by years (%)
----------------------------------------------------------

Herbicide 1999 2000 2001 2002
2,4-D 45,28 44,34 47,49 33,62
Trifluralin 27,02 27,86 20,21 24,60
Molinate 7,10 6,44 3,69 3,50
Propanil 4,54 3,62 - -
Glyhposate isopropylamin 4,10 6,94 9,08 7,57
Chloridazon - - 5,38 -
Metalochlor - - - 5,10
TOTAL  88,04 89,20 85,85 74,39

Table 2: Physical and chemical properties of 2,4-D [22]
Molecular formula C H O Cl8 6 3 2

Molecular weight 221.04 g/mol
Solubility in water 900 mg/L
Melting point 138°C
Boiling point 160°C
Vapor pressure 0 mm Hg (20°C)

1.4x10-7 mm Hg (25°C)
pKa 2.3

It’s a known fact that the rate of 2,4-D acid, which is
one of the most commonly used herbicides in our country,
in herbicide consumption by years is approximately
42.68% (Table 1) [12]. Since 2,4-D is cheaper than other
pesticides, this caused this pesticide to be commonly
used. Moreover, there is a risk for contamination of 2,4-D
with dioxins which can be formed during synthesis. It was
also suggested that dioxins which mostly occur after amine,   ester   or   derivatives  of  their  salts  and its
burning of pesticides have toxic effects and cause
neoplastic variations [13, 14]. For this  reason,  most  of
the countries set out a condition that  the  pesticides
including 2,4-D which will be consumed for the aim of
agriculture should be decontaminated from dioxins [15],
however, there is no such  an  obligation  in  our  country.

Therefore, it seems as it’s possible for preparates  with
2,4-D which are consumed for agriculture to be
contaminated with dioxins [12]. Unaware usage of
agricultural pesticides causes some environmental
problems and the residuals of these materials also cause
environmental pollution and threaten  every  kind of
living things [16]. Possible environmental effects caused
by  2,4-D   which   is   commonly   used  in  our  country
for different targets are still not known. For this  reason,
it was aimed in this study to search possible
environmental and ecologic problems caused by 2,4-D.

MATERIALS AND METHODS

It was aimed to carry out experimental studies with
2,4-D   and  to  investigate the  information  in  literature
in order  to  analyze  possible  environmental  and
ecologic problems that might occur depending on the
usage of 2,4-D.

Physical, Chemical and Biological Properties of 2,4-D:
The molecular formula of  2,4-D  which  is  in  the  group
of chlorinated phenoxy acid is C H C O  and its8 16 I2 3

structural  formula   is   given  in  Figure  1.  2,4-D acid is
a  pesticide   having   phenolic  aroma  which  is  present
as  white-yellow   flakes,   powder,    crystalline   or as
solid   state under     normal     conditions   [17].
Phenoxy  herbicides   are   commercially   present as

active matter is its free acid form [18]. Physical and
chemical properties of 2,4-D are given in Table 2. 2,4-D
acid which is commonly used for broad-leaved herbs is
taken in by roots and leaves and is transported to the
upper parts by floems [19]. It stays in soil for 2 to 4 weeks
after application [20].

Fig. 1:  Chemical structures of 2,4-D'(a), 2,4-D  Isooctylester (b)  and 2,4-D Dimethylamine salt (c) [21]
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Absorption, distribution and excretion of 2,4-D: 2,4-D is experienced depending on its intake  at  high  dosages,
well absorbed by gastrointestinal system  and  its intake the  person   recovers   consciousness  within  48-96
by lungs is low. Its intake through the skin, on the other hours following the excretion of this toxic  material
hand, is at the minimum level [23]. 2,4-D accumulation was through urine [33, 34, 37].
determined in blood, liver, kidney and lungs of pigs and
spleens of rats in which 1 mg/kg 2,4-D was applied for six Possible Ecologic Effects
to eight hours. It was found  that  the  accumulation of Its Ecotoxic Effects on Human Beings: It was observed
the material in muscles and brain was low. At the end of that 2,4-Ds have some biochemical parameter variations
24-hour period, no pesticide residual was found in these and oxidant activity and cause a decrease in the level of
tissues. It was determined that 2,4-D acid was directly glutathione and superoxide dismutase in blood as a result
transferred to placenta in rats and pigs and 20% 2,4-D of treating human erythrocyte with 250 and 500 ppm 2,4-D
material was found in uterus, placenta, fetus and amniotic [38]. It was also determined that  2,4-D  caused  number
fluids of rats. Similarly, 2,4-D acid and its derivatives were and structure variations in  erythrocyte,  leucocyte and
determined at low levels in the eggs of chickens [24, 25]. red marrow cells and caused amount variations in
It was observed that 2,4-D acid had its maximum hemoglobin [39].
concentration in the plasm of most of living things within It was informed that soft tissue sarcomas occur in
8 hours after its oral intake [26]. When 2,4-D acid is taken human beings who are exposed to chronic 2,4-D acid and
by human beings as 5 mg/kg body weight, it was the rate of becoming cancerous in organs such as
determined that this pesticide was absorbed well. It was stomach, pancreas, lung, skin and urinary bladder is very
found that it reached its maximum level in the plasm within high [40,41,42,43,44]. Vineis et al. [45] determined that the
4-8 hours [27, 28] whereas 17% of single dosage of the occurrence of soft tissue sarcomas in female workers who
herbicide in pregnant mammals passed to the embryo work in rice planting where 2,4-D group pesticides were
through placenta [29]. used was higher than the normal. In another study, 60

The solubility of 2,4-D acid in water is very high and Hodgkin patients, 109 non-Hodgkin patients and 338
for this reason has a rapid distribution  through  tissues. control group selected from general population were
It is also known that the intake and distribution of 2,4-D compared and it was reported that the people who were
acid by aquatic living things is very high. In a study exposed to 2,4-D had higher risk  to  get  cancerous  [46].
based on four rivers in China, it was observed that 80% of In a research of Zahm et al. [47], it was  concluded  that
2,4-D acid present in the medium was still there after 56 the rate  of   non-Hodgkin   lymphoma  which  is  a  type
days [30]. Although 2,4-D was present at 61 ppm and of lymphoma was higher than normal populations.
higher values in water where it was applied directly, its Coggon et al. [48] suggested that the occurrence risk of
concentration was found lower than 1 ppm in lakes and various cancerous in workers who were exposed to 2,4-D
spring water. According to U.S. EPA criterions, 0.1 ppm group herbicides partially increased. In epidemiological
levels in drinking water was accepted as permissible limit researches of Lynge [49] which were carried out on
in USA [31, 19]. 2,4-D was determined in blood, liver, workers working for more than ten years in two 2,4-D
kidney and lungs of pigs and spleens of rats in which 1 including pesticide producing factories in Denmark, it was
mg/kg 2,4-D was applied even after 4-8 hours. It was concluded that the rate of malignant lymphoma in these
found that this rate in muscles and brain was lower than populations was higher than normal populations. An
it was in other tissues [25]. There is a close relationship increase was observed in coronary ectasia  of  farmers
between the concentration of 2,4-D in blood  together who applied pesticides in Australia. It’s a known fact that
with tissues and its binding properties to the proteins  in 2,4-D (dichlorophenoxy acetic acid) is an acetylcholine
in vitro mediums [32]. esterase inhibitor. In another study, it was determined that

The excretion   of  2,4-D  occurs  by  excretory 2,4-D caused a decrease in the secretion of testosterone
system  through   urine   in   all  species.  The average in living things whereas it increased the secretion of
half-life of   this  pesticide  in  human  body  is 13-39 oestrogen from testicular tissue and secretions of
hours and it’s known that it  increases  the  alkalinity of progesterone and prolactin and caused abnormalities in
the medium  during  excretion  period.  The half-life menstrual cyclus. Moreover, it was observed that the
extends depending on the dosage intake [33-35]. It was number of sperms decreased and abnormalities occurred
informed that  all  2,4-D  was  excreted  completely  from in their shapes in male pesticide sprayers [50]. In another
the human body  through  urine  after  5  days  following study, on the other hand, the risk of prostate cancerous
its intake [36]. Although loss of consciousness can be increased in workers who applied these herbicides [51].
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When the pesticides belonging to 2,4-D group are Conjugates that can be hydrolyzed by the acid were
taken orally or through skin, they have slight toxic effect found in the urine of some workers who were exposed to
and it was shown that the oral LD value for human 2,4-D esters [61]. In the urine sample analysis of 28 people50

beings is 400-2000 mg/kg body weight/day whereas LD who were exposed to 2,4-D group herbicides during50

dosage in the case of absorbing through skin is 2000 production and disinfection in Turkey, 2,4-D was
mg/kg body weight/day [52]. It is also known that the determined between 0.06 and 9.51 ppm [62].
children living in rural areas are exposed to this herbicide In a study performed by Nishioka et al. [9], 2,4-D
in agricultural areas and it was suggested that they are residuals were measured in the samples taken from the
affected more than adults since their skins are softer and inner surfaces (in the rooms, on the table, window
moist [53]. It was determined that if 2,4-D group was taken borders) of 11 inhabitable and 2 empty houses in a week
orally by human beings, its digestion was very rapid, 73% before and after 2,4-D application to the grass. As a result
of the amount taken in was voided through urine in 48 of measurements, 2,4-D was determined as 2,5-10 µg
hours after application [54] and its absorption through particle size in the house. After 2,4-D application, it was
skin was around 5.8% [55]. In rats, on the other hand, it determined that children might take 2,4-D by nutrition as
was determined that the level of 2,4-D was maximum in 0,2-30 µg/day from the top of the table and 1-10 µg/day
blood after three hours following its oral intake and it was from the rooms. It was indicated that this rate might
maximum in kidney, liver, spleen and lung after six hours increase 10 folds after first application.
[56]. When exposed to 2,4-D as a result of respiration or Depending on the usage of herbicides produced from
absorption through skin, gastrointestinal and peripheral 2,4-D and phenoxy acetic acid, abnormalities in central
neuromuscular symptoms were reported. Symptoms such nervous system, circulation/respiration, urogenital or
as nausea, vomiting, anorexia, muscle weakness, pain and muscle and skeleton were observed more than normal in
cramps in muscles, malaise, stomachache, tachycardia the people living in West Minnesota [63]. Recently, the
were observed [57]. studies carried out in Croatia showed that there was an

For this reason, 2,4-D group pesticides are accepted increase in chromosome abnormalities and in the
as standard poison in some countries and although not all frequencies of brother chromatid variation of workers who
of the formulations have toxic effect, it was suggested were exposed to compounds formed by mixing atrazine,
that at least a part of them and their compounds have malathion, cyanazine and 2,4-dichlorophenoxy acetic acid
toxic effect. Dioxin (2,3,7, 8-TCDD) which is known to be [64, 65,66]. In another study [67], brain neoplasm was
present in these pesticides and which cause neoplastic observed more than normal in people who were working
variations in pancreas is at a level of 0.7 µg/kg in 2,4-D in production, formulation or packaging of 2,4-D.
group pesticides. The acceptable level by WHO, on the
other hand, is 10 µg/kg [58]. Its Ecotoxic Effects on the Animals: It was stated that

In a research carried out by Alexander  et  al.  [59], more than 60% of herbicides including 2,4-D and MCPA
2,4-D acid amount was searched for the farmer family (4-chloro-2-methylphenoxyacetic acid) used in agriculture
members who were living in the farms in Minnesota and in America has a potential to endmage endocrine and/or
South Carolina and exposed to pesticides including 2,4-D reproduction system of animals [68]. Despite the
acid and systematic dosage assumption was performed. variations in LD  levels according to types of animals,
Urine samples were taken at 24-hour intervals from family 2,4-D was accepted as moderately toxic for animals [69].
members living in the farm 1 day before and 3 days after World Health Organization informed that teratogenic and
2,4-D application. Median urine 2,4-D concentrations were embryo toxic dosage of 2,4-D in mammals and birds was
found as 2.1 and 73.1 µg/L for the executers, 1.5 and 2.9 10 ppm whereas its lethal dosage varied between 100 and
µg/L for the children and 1.2 µg/L for their spouses after 300 ppm [70]. Some animals, for example dogs, has more
2,4-D application. Geometric mean systemic dosage sensitivity against 2,4-D than rats and humans. It was
(microgram per kg body weight) was found as 2.46 µg/L informed that malignant tumors were formed in dogs
for executers, 0.8 µg/L for their spouses, 0.32 µg/L for which were in contact with grass exposed to 2,4-D [69].
children between 4-11 years old, 0.12 µg/L for children LD  values were found as 375 mg/kg for mouse, 666
older  than   12  years  and  0.22  µg/L  for  all  children. mg/kg for rats, 800 mg/kg for rabbits and 541 mg/kg body
The reference dosage (RfD) determined by U.S. EPA [60] weight for chicks [71].
is 0.01 mg/kg/day or 10 µg/kg/day. These values show World Health  Organization  informed  that
that the usage of 2,4-D pesticide affects the people who teratogenic effect dosage of 2,4-D in fish was 1 ppm [70].
are living around the area where it is used. In United States of America, 0.01 ppm-1.00 ppm 2,4-D was

50

50
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determined in the fish and mussels living in the water Uyan kgil et al. [79] investigated the effect of 2,4-D
close the areas where 2,4-D was used [72]. In another acid on medulla spinalis of poecilia reticulata type fish and
study, 2,4-D was reported in surface water if 2,4-D was as a result, it was determined that 2,4-D acid was quite
used in close areas [73]. In the study which was carried neurotoxic for poecilia reticulata. In the study of Gül et al.
out with Lepomis macrochirus -bluegill- and Mola mola, [80], they searched for LC  value of Capoeta tinca
LD  dosage was 263 mg/L. In a study which was carried (Capoeta capoeta umbla, HECKEL, 1843) and it was50

out with  commercial   rainbow   trout,   on  the  other observed that at 25 ppm, no fish died, at 50 ppm 3 fish, at
hand, LD  dosage was found as 377 mg/L. As a result of 75 ppm 4 fish, at 80 ppm 6 fish and 100-125 and 150 ppm all50

2-month observation for oyster and clams, the value was fish died. As a result, LC  value of 2,4-D in Capoeta tinca
found as 3.8 ppm [74]. LD  dosage which was given for was found as 82.2759 g.50

2,4-D isooctylester in fish was determined as 62-153 mg/L Pathologic process of 2,4-D material on Tinca tinca
for rainbow trout and 5-68 mg/L for blue fish [75]. In a members was followed by taking its  96-hour  acute
study carried out in America, the residuals of this dosage into consideration. The fish were investigated
herbicide were found in mushrooms and plants in the after 1-2-5-8-12 day intoxication periods. The symptoms
areas where 2,4-D was applied. Moreover, fish and showed that there was reduction and deformation in
crustaceans were exposed to 2,4-D by using aquatic kidney tissue and variations occurred in the cells forming
herbicides [70]. In a research of Fairchild et al. [76], it was excretory system [81].
determined that using 2,4-D in  order  to  get  under In a toxicologic study carried out in Finland, toxic
control undesired grass which  had  aquatic  and dosages of 2,4-dichlorophenoxyacetic acid and 2-methyl-
terrestrial origin posed a risk in terms of surviving of 4-chlorophenoxyacetic acid (MCPA) were applied on rats,
rainbow trout, Salvelinus confluentus and other types of mice, guinea pigs, Syrian hamsters, rabbits and chickens
trouts. In another study in Hong Kong, it was stated that and it was determined that 2,4-D and MCPA caused
200 mg/l and more dosages of 2,4-D ceased the damages in blood vessels of brain on rats and on mice,
photosynthesis of Scenedesmus quadricauda which were respectively. Moreover, 2,4-D material caused a restriction
of green algaes and development of chlorophyll-a by in motive power of circulation of blood serum in the spinal
inhibiting its synthesis [77]. cord region of mice [82]. Ferri et al. [83] investigated the

In a study performed with Poecilia reticulate, acute possible effects of 2,4-D acid on the brains of new-born
toxic effect of 2,4-D and its effect on behavior variations rats and as a result of the research, 2,4-D acid caused a
were investigated. In the experiments, the movements variation at the level of reactive oxygen in the brain region
such as deceleration, grouping, going down and up of new-born rats and affected enzymatic activities in their
slowly in aquarium and clustering in regions where air was defense mechanisms. As a result of experiments
in excess were observed in fish. 96-hour LC  value for performed on rats with 2,4-D, subacute intoxication was50

Poecilia Reticulata fish in this experiment was observed in rats, their body weights decreased, variations
determined as 30 ppm. It was observed that 50% of fish were observed in their organ weights and some
died at the end of 96 hours in the aquarium where this histopathological findings were determined in their livers
dosage was applied. At high dosages, on the other hand, [84-86]. As a result of the study of Sulik et al. [87],
irregular swimming, balance disorder, sudden variations were determined in the kidney ducts of rats
mobilizations were observed in fish [78]. In the which were fed by sodium salt of 2,4-D acid. In the study
experiments of Yalc nkaya [20] which were performed with of Ar et al. [88], it was shown that the presence of
Poecilia reticulata type fish, upside-down and vertical dimethylamine salt of 2,4- dichlorophenoxyacetic acid in
swimming, sudden jumping motion, balance disorder, human milk caused impairments in odontogenesis of
grouping on the surface to take air and color fading were young rats. In the study of Fukuyama et al. [89], it was
observed in fish which were exposed to low, moderate and determined that 2,4-D acid was an allergen for respiration.
high dosages of 2,4-D. Parallel to increase in herbicide Elio [90] treated chicken embryo with 2,4-D before
concentrations, neuronal loss was determined in vertebra. incubation and then injected 0, 0.5, 1.2 and 4 mg 2,4-D acid
Intracellular edema and deformations in Nissl granules into the film of egg shell. Pure 2,4-D and 2,4-D
depending on the increase in dosage were observed. isooctylester having 37% commercial formula were used
Moreover, pyknotic cells were observed from place to throughout the tests. As a result, brother chromatid
place. Gliosis in continuing histologic results was among variations at low dosages (P < 0.05) were observed after
other histopathologic symptoms. 4 days in the group to which 4 mg 2,4-D acid was  applied.

50

50
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During long-term exposure to 2,4-D, brother chromatid The toxic effect of 2,4-D acid and the pesticides
variations were observed increasingly. It was also including it on fish is  higher  than  its  environmental
observed that 2,4-D caused degenerative variations in effect   on   other  aquatic  living  things.  For example,
ovary tissue of rats and the fertility of animals decreased LC   concentration   range   for  salmon  trouts is
with dosages above 50 mg/kg/day [91, 92]. Özdas et al. between  1.0   and   100   mg/L  and  mostly  causes
[93] indicated that 2,4-D herbicide caused sudden  deaths.   In   a   study,  when  catfish was
histopathological damage in testis tissue of rats. exposed  to   10    mg/L    dosage,    approximately   10%

In a study carried out with 2,4-D, it was determined of  all    population   died  within  48  hours  [96, 25].
that continuous application of 2,4-D to mice, guinea pigs (When  110 mg/L  dosage  was  applied  to  ocean
and rabbits caused anorexia, weight loss, vomiting, sunfish (Mola  mola),  some  variations  in  their
scleroderma, depression, a general angriness and muscle swimming  motions   were  observed.  However,  any
weakness [94, 20]. effect wasn’t observed in crabs when 2,4-D acid

RESULTS AND SUGGESTIONS young crabs. When brown shrimps were exposed to 2

This study was carried out in order to examine the was observed [24, 25].
ecotoxic risk factors of 2,4-D acid in terms of environment As this  is  the  case  in  other  pesticides,  it’s a
and human health in the light of literature. The ecotoxic known  fact   that   2,4-D  acid  mixes  into  the  air,  soil
researches performed on human beings showed that 2,4-D and  water   and   has   toxic   effects   directly or
intake caused variations in some biochemical parameters indirectly  to the environment and directly to the
of living things, soft tissue sarcomas were observed, the ecosystem.  It   was   shown   with   studies  that  2,4-D
rate of becoming cancerous in organs such as stomach, has toxic  effect  especially  on  freshwater  fish,  algae
pancreas, lung, skin and urinary bladder increased, the and other aquatic  organisms  as  well  as  sea organisms
number of sperms in males decreased and the risk of at low levels. According  to  this,  it’s  possible  to  say
becoming prostate cancer also increased. Moreover, it that the usage of 2,4-D as a herbicide  is  extremely
was also found that it caused an increase in central harmful for the ecosystem. For this reason, it’s very
nervous system, circulatory/respiration, urogenital or important to raise the awareness of public in terms of
muscle and skeleton abnormalities. ecologic risk factors that may occur depending on

The findings of animal experiments carried out on fish unaware usage of 2,4-D acid. It seems as it’ll be an
and aquatic organisms with 2,4-D showed that balance obligation to bring new arrangements about its usage in
loss and vertical swimming, sudden jumping movement, our country.
grouping on the surface to take air and deformations in
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in spinal cord, deformations in nissl granules, teratogenic conflicts of interest.
and toxic effects were observed in fish depending on the
increase in herbicide concentration and acute or chronic ACKNOWLEDGEMENTS
exposure to this pesticide put the life of aquatic organisms
in danger. As a result of experiments carried out on rats The authors gratefully acknowledge the Selcuk
with 2,4-D, subacute intoxication was observed in rats, University Research Fund (BAP) for its financial support
their body weights decreased, variations were observed of our work (Project No: 09101055).
in their organ weights and some histopathological
findings  were   determined  in  their  livers  and  kidneys REFERENCES
as well as  2,4-D  caused  degenerative  variations in
ovary tissue. 1. Yönten, V., 2006. Bitkisel hormonlardan 2, 4-D amin

2,4-Dichlorophenoxyacetic acid (2,4-D) is the most ve böcek öldürücülerden 2, 2-dikloro vinil fosfat
commonly used phenoxy herbicide in agriculture and (dichlorvos)’ n orjinal, yüzeyi HNO ve Na CO  ile
gardening and it was determined that these pesticides de i tirilmi bentonit üzerine adsorbsiyonlar n n
have toxic effects on birds and useful pests and affect incelenmesi. Yüksek Lisans Tezi, Yüzüncü Y l
aquatic life, little invertebrates, fish, frogs, reptiles and Üniversitesi, 1-56, Van.
algae negatively. Since 2,4-D free acid cannot dissolve in 2. PMRA, 2005. Electronic Labels. -Search and
water and cannot be absorbed by soil particles well, it can Evaluation (ELSE). Http://eddenet.pmra-
pass to the groundwater through leakage [95]. arla.gc.ca/4.0/4.01.asp.

50

derivative pesticide was applied  for  85  days  to  some

mg/L dosage for 48 hours, an increase in their death rate

3 2 3



World Appl. Sci. J., 14 (Special Issue of Food and Environment): 126-135, 2011

132

3. Bowey, R.W., Young, A.L., Ed. 1980. Science of 2,4,5- 13. Anonymous: 1995. The dogs of war, rachel’s
T and associated phenoxy herbicides. New York, environmental health and criteria weekyl. pp: 435.
Chinester, Barbistone Toronto, John Willey. Sons, 14. Blair, A., 2002. Pesticides. Occuppational Studies
pp: 462. Section. National Cancer Institue, Bedhesta.

4. Bristol,  D.W.,   L.W.   Cook,   M.T.   Koterba  and 15. Ware, G.W., 1994. The Pesticide Book. 4 th edition.
D.C. Nelson, 1982. Determination of free and Thomsan Publication, pp: 386, Colifornia.
hydrolyzable residues of 2,4-D and 2,4- 16. Kal pc , E., H. Özta  and C. Özdemir, 2010b.
Dichlorophenol in potatoes. J. Agric. Food Chemb. Commonly used pesticides in Konya endorheic basin
30: 137-144. and tempering their detrimental effects. Fourth

5. Gilsbach, W. and H.P. Theier, 1982. Beitrage zur International Conference on Water Observation and
rückstandanalyse von Chlorphenoxycarbonsaure- Information System  for  Decision  Support
Herbiciden in weizenmehl: Z. Lebens. Uniters. Forsch, BALWOIS 2010, Proceeding Book (Full Text CD), 1-7,
175: 327-332. Ohrid-Macedonia.

6. Ebing,  W.,   G.   Richtarsky,  K.  Boek,  M.  Eichner, 17. Walters, J., 1999. California Department of Pesticide
K.   Kypke-Hutter,    B.    Fetterroll,    R.   Oberdieck, regulation. www.cdpr.ca.gov.
W. Gilsbach, N. Thi  Hanh,  W.  Mann,  W.  Specht, 18. Sota-Grabinska, E., E. Wisniowska and J. Kalka, 2003.
T. Stuve and H. Wabbels, 1985. Zur Toxicity of selected synthetic auxines-2,4-D and
rückstandanalytik von phenoxyalkansaure-herbiciden MCPA derivatives to broadleaved and cereal plants.
in setreidekönern. Lebensm. Chem., Gerichtl. Chem., Crop Protection, 22: 355-360.
39: 126-130. 19. U.S. EPA.  1989.    Environmental   Protection

7. Meemken, H.A., R. Rudolph and P. Fürst, 1987. Agency. Information About Pesticide Use and Report
Nachweis un Bestimmung von on the Pesticide Market.
Chlorphenoxycarbonsauren durch Kapillar G/C MS: 20. Yalc nkaya, M., 2006. Bir herbisit olan 2,4-D
D. Lebens. Rundschau, 83(8): 239-245. (Diklorofenoksiasetik Asit)’in Poecilia Reticulata

8. Kamrin, M.A., 1997. Pesticide Profiles: Toxicity, P.,1859’da medulla spinalis üzerine etkileri. Yüksek
Environmental Impacts and Fate. Boca Raton. Lisans Tezi, Ege Üniversitesi, 1-97, zmir.
FL:Lewis Publishers. 21. Hager, A., 2007. Herbicide formulations and

9. Nishioka,  M.G.,   R.G.   Lewis,   M.C.   Brinkman, calculations: active ngredient or acid equivalent?.
H.M. Burkholder, C.E. Hines and J.R. Menkedick, The Pest Management and Crop Development
2001. Distribution of 2,4-D in air and on surfaces Bulletin, 07(3):
inside residences after lawn applications: comparing 22. Güngör, B.,  2007.  2,4-diklorofenoksiasetik  asitin
exposure estimates from various media for young (2,4-D) immobilize Pseudomonas putida ile
children. Environ Health Perspect, 109: 1185-1191. biyokimyasal y k m n n incelenmesi. Yüksek Lisans

10. Donaldson, D., T. Kiely and A. Grube, 2004. Tezi, Ege Üniversitesi, 1-80, zmir.
2000–2001 Pesticide Market Estimates, Washington. 23. Arnold, E.K., et al., 1989. Pharmacokinetics of
D.C. U.S. Environmental Protection Agency. chlorinated phenoxy acid herbicides. Veterinary
Available: http:// www.epa.gov/ oppbead1/ Human Toxicol., 31(2): 121-5.
pestsales/ 01pestsales/table_of_contents2001.html 24. U.S.  National  Library  of  Medicine,  1995.
[accessed 2 June 2005]. Hazardous Substab-nce Databank. Bethesda, MD,

11. Kal pc , E., C. Özdemir, F. Özta  and ahinkaya, pp: 7-8.
2010a. Ecotoxicological effects of M e t h y l 25. EXTOXNET. 1996. Extension Toxicology Network,
parathion on living things and environment. African Pesticide Information Profiles.
J. Agricultural Res., 5(8): 712-718. 26. Erne, K., 1966. Distribution and eleminationof

12. Delen, N., Durmu o lu, E., Güncan, A., Güngör, N., chlorinated phenoxyacetic acid in animals. Acta Vet.
Turgut, C., Burçak, A. (2005): Türkiye’de pestisit Scand. 7: 240-256. Cited In: CCT, 1997.
kullan m , kal nt ve organizmalarda duyarl l k azal 27. Kohli, J.D., R.N. Khana,  B.N.  Gupta,  M.M.  Dhar,
sorunlar . TMMOB. Ziraat Mühendisleri Odas . J.S. Tandon and K.P. S rcar, 1974. Absorption and
Türkiye Ziraat Mühendisli i VI.  Teknik  Kongresi excretion of   2,4-Dichlorophenoxyacetic   acid in
Cilt-2, s: pp: 629-648. man. Xenobiotica, 4(2): 97-100.



World Appl. Sci. J., 14 (Special Issue of Food and Environment): 126-135, 2011

133

28. Sauerhoff,  M.W.,   et   al.,   1977.    The    fate    of 42. Olsson, H. and L. Brabdt, 1981. Non.Hodgkin’s
2,4-D  following   oral  administration  to  man lymphoma of the skisn and occupational exposure
Toxicol., 8: 3-11. the herbicides. Lancet, pp: 579.

29. Lindguist, N.G. and S. Ulberg, 1971. Distribution of 43. Sarma, P.K. and J. Jacobs, 1982. Thoracic soft tissues
the herbicides 2,4,5-T and 2,4-D in pregnanat mice. sarcoma in Vietnam vaterans exposed to agent
Accumulation in the yolk sac ephitelium. Experientia orange. New Eng. J. Med., 306: 1109.
27: 1439-1441. 44. Woods, J.S. and L. Polissar, 1989. Non-Hodgkin’s

30. Wang, Y.S., C.G. Jaw and Y.L. Chen, 1994. lymphoma among phenoxy herbicide-exposed farm
Accumulation of 2,4-D and glyphosate in fish and workers in western Washington State. Chemosphere,
water hyacint. Water Air Soil Pollut., 74: 397-403. 18: 401-406.

31. Que  Hee,    S.S.     and    R.G.    Sutherland,   1981. 45. Vineis,  P.,   B.   Terracini,  G.  Ciccone,  A.  Cignetti,
The phenoxyalcanoic herbicides. Chemistry, analyses E. Colombo, et al., 1986. Phenoxy herbicites and soft
and environmental pollution 11, CRC Pres, Inc, Boca tissue sarcomas in female rice  weeders, a
Raton, Florida, pp: 319. population-based case-referent study. Scand. J. Work

32. Fang, S.C. and F.T. Lindstrom, 1980. In vitro binding Environ. Health, 13: 9-17.
of 14c-labeled acidic compounds to serum albumin 46. Hardell, L., 1981. Kelation of soft tissue sarkoma,
and their tissue distribution in the rat. J. maiignant lymphoma andcancer to phenoxy acids.
Pharmocokinetics Biopharmaceutics, 8(6): 583-597. chlorophenols and other agents. Stand. J. Work.

33. Prescott, L.F., J. Park and I. Darrien, 1979. Treatment Envirn. Health, 7: 119-130.
of severe 2,4-D and mecoprop intoxication with 47. Zahm,  S.H.,   D.D.   Weisenburger,  P.A.  Babbitt,
alkaline diuresis. Bri J. Clinical Pharmocol., 7: 111-116. R.C.  Saal,   J.B.   Vaught,  K.P.  Cantor,  et  al., 1990.

34. Ftiesen, E.G., G.R. Jones and D. Vaughan, 1990. A case-control study of non- Hodgkin’s lymphoma
Clinical presentation and management of acute 2,4-D and the herbicide 2,4-dichlorophenoxyacetic acid
oral ingestion. Drug Saf, 5(2): 155-90. (2,4-D) in eastern Nebraska. Epidemiol., 1(5): 349-356.

35. Keller, T., G. Skopp and M. Wu, 1994. Fatal overdose 48. Coggon, D., B. Pannett and P. Winter, 1991. Mortality
of 2,4- diclorophenoxyacetic acid (2,4-D). Forensic Sci and incidence of cancer at four factories making
Int., 65: 13-8. phenoxy herbicites. Br. J. Ind. Med., 48: 173-178.

36. Feldman, R.J. and H.I. Maibach, 1974. Percutaneous 49. Lynge, E., 1985. A follow-up study cancer incidence
penetration of some pesticides and herbicides in man. among workers in manufacture of phenoxy herbicites
Toxicol Appl. Pharmacol., 28: 126-3. in Denmark. Br. J. Cancer, 52: 259-270.

37. Flanagan, R.J., T.J. Meredith and M. Ruprah, 1990. 50. Lerda, D. and R. Rizzi, 1991. Study of reproductive
Alkaline diuresis for acute poisoning with function in persons occupationally exposed to 2,4-D.
chlorophenoxy    herbicidesand    ioxynil.   Lancet, Mutation Res., 262: 47-50.
335: 454-8. 51. Morrison,  H.,   et    al.,    1993.    Farming  and

38. Bukowska, B., 2003. Effects of 2,4 and its metabolite prostate cancer mortality. American J. Epidemiol.,
2,4-dichlorophenol on antioxidant enzymes and level 137(30): 270-280.
of glutatione in human erythrocytes. Comp. Biochem. 52. Myer, J.R., 1981. 2,4-Dichlorophenoxyacetic acid,
Physiol. C Toxicol Pharmacol., 135(4): 435-441. isooctyl ester technical. Determination of acute oral

39. Halliop, J., A. Tochman and M. Latalski, 1980. LD in Fischer 344 rats. Unpublished   report No.
Ultrastructural investigations and myeloperoxidase 490-002 from International research and Development
determinations in rat neutrophils in acute poisoning Corporation, Matawan, MI, USA. Submitted to WHO
with 2,4-D. Acta Haematol. Pol., 11(4): 249-257. by Industry Task Force II on 2,4-D Research Data,

40. Axelson, O.,  L.  Sundell,  K.  Andersson,  C.  Edling, Indianapolis, Indiana, USA.
C. Hogstedt and H. Kling, 1980. Herbicide exposure 53. Fenske, R.A., 1997. Pesticide exposure assesment of
and tumor mortalitiyt:an update epidemiological worker and their families. Occup. Med., 12: 221-37.
investigation on swedish railroad workers. Scand. J. 54. Khanna, S. and S.G. Fang, 1966. Metabolism of C-14
Work. Environ. Health, 6: 73-79. labeled 2,4-dichlorophenoxyacetic acid in rats. J.

41. Hogstedt, C. and B. Westerilund, 1980. Cohort Agric. Food Chem., 14: 500.
studies of cause of death of forest workers with and 55. Harris, S.A. and K.R. Solomon, 1992. Human exposure
without exposure to phenoxy preparations. to 2,4-D following controlled activities on recently
Lökartidninger, 77(19): 1828-1831. sprayed turf. J. Environ. Sci. Health. B, 27(1): 9-22.

50



World Appl. Sci. J., 14 (Special Issue of Food and Environment): 126-135, 2011

134

56. Food and Agriculture Organization. 1975. Evaluations 67. Bond, G.G., N.H. Wetterstroem, G.J. Roush, E.A.
of some pesticides in food. WHO Pesticide Residues McLaren, R.E. Lipps and R.R. Cook, 1988. Cause
Series No 5, World Health Organization, Genova spesific  mortality  among  employees  engaged in
(1976). the   manufacture,    formulation,    or    packing  of

57. Bradberry, S.M., E.B.  Watt,  A.T.  Proudfoot  and 2,4-dichlorophenoxyacetic acid and related salts. Br.
J.A. Vale, 2000. Mechanisms of toxicity clinical J. Ind. Med., 45: 98.
features and management of acute chlorophenoxy 68. Short, P. and T. Colborn, 1999. Pesticide use in the
herbicide poisoning: a rewiev.  Clinical   Toxicol., U.S. and policy implications: a focus on herbicides.
38(2): 111-122. Toxicol. Ind. Health, 15: 240-275.

58. U.S. EPA. 1994. An SAB Report: Assesment of 69. Ibrahim, M.A.,  G.G.  Bond,  T.A.  Burke,  P.  Cole,
Potential 2,4-D Carcinogenesity. Review of the F.N. Dost, P.E. Enterline, M. Gough, R.S. Greenberg,
Epidemiological and other Data on Potential W.E.    Halperin,     E.     McConell,     I.C.   Munrun,
Carcinogenecity of 2,4-D by SAB/SAP Joint A. Sweendberg, S.H. Zahm and J.D. Graham, 1991.
Committee  (EPA-SAB-EHE-94-005),  Washington Weight of the evidence on the human
DC, USA. carcinogencitiy of 2,4- D. Environ. Health. Perspect.,

59. Alexander, B.H., J.S. Mandel, B.A. Baker, C.J. Burns, 96: 213-222.
M.J. Bartels, J.F. Acquavella and C. Gustin, 2007. 70. WHO. 1984. 2,4-D Geneva, World health
Biomonitoring of 2,4-dichlorophenoxyacetic acid organisation.   Environ.    Health     Criteria    Series,
exposure and dose in farm families. Environ. Health pp: 29.
Perspect, 115: 370-376. 71. Hill, E.V.  and  H.  Carlisle,  1947.  Toxicity  of  2,4-D

60. U.S. EPA. 2002. Ground Water and Drinking Water. for experimental    animals.   J.  Ind.  Hyg.  Toxicol.,
Washington, DC:U.S. Environmental Protection 29(2): 85-95.
Agency. Available:http://www.epa.gov/safewater 72. Schultz, D.P. and P.D. Harman, 1974. Residue of 2,4-D
/standards.html [accessed 12 August 2002]. in pond  waters,  mud  and  fish.  Restic  Monit. J.,

61. Garabrant, D.H. and M.A. Philbert, 2002. Rewiev of 8(3): 173-179.
2,4-dichlorophenoxyacetic acid (2,4-d) epidemiology 73. Osman, M.A. and S.D. Faust, 1963. Determination of
and  toxicology.   Critical   Rewievs   in  Toxicol., 2,4-D in surface waters. Jour AWWA, pp: 639-646.
32(4): 233-257. 74. Thomas, M.L.H. and J.R. Duffy, 1968. Butoxyethanol

62. Vural, N. and S. Burgaz, 1984. A gas chromatographic ester  of   2,4-D   in  the  control  of  eel  grass
method for determination of 2,4-D residues in urine (Zostera marina L.)and its effects on oysters
after occupational exposure. Bull.Environ. Contam. (Crassostrea viginica Gmelin) and other benthos.
Toxicol., 33: 518-524. Proc. Northeast. Weed Control. Conf., 22: 186.

63. Garry, V.F., D. Schreinemachers,  M.E.  Harkins  and 75. IARC. 1977. Monographs on the evaluation of the
J. Griffith, 1996. Pesticide appliers, biocides and birth carcinogenic risk of chemical to man. International
defects in rural Minnesota. Environ Health Perspect Agency for Research on Cancer Vol 41. Lyon. France.
104: 394-399. 76. Fairchild, J.F., K.P. Feltz, A.L. Allert, L.C. Sappington,

64. Zeljezic, D. and V. Garaj-Vrhovac, 2001. Chromosomal K.J. Nelson and J.A. Valle, 2009. An ecological risk
aberration and single cell gel electrophoresis (Comet) assessment of the exposure and effects of 2,4-D acid
assay in the longitudinal risk assessment of to rainbow trout (Onchorhyncus mykiss). Archives
occupational exposure to pesticides. Mutagenesis, of  Environmental     Contamination   and  Toxicol.,
16: 359-363. pp: 01-23.

65. Zeljezic, D. and V. Garaj-Vrhovac, 2002. Sister 77. Wong, P.K., 2000. Effects of 2,4-D, glyphosate and
chromatid exchange and proliferative rate index in the paraquat on growth, phottosynthesis and
longitudinal risk assessment of occupational chlorophyll-a synthesis of Scenedesmus
exposure to pesticides. Chemosphere, 46: 295-303. quadricauda Berb 614. -Chemosphere, 4: 1177-182.

66. Garaj-Vrhovac, V. and D. Zeljezic, 2002. Assessment 78. Koca, M., 2001. 2,4-Diklorofenoksiasetik asit
of genome damage in a population of Croatian herbisidinin lepistes (Poecilia reticulata P.,1859)
workers employed in pesticide production by üzerindeki akut toksik etkisinin ara t r lmas  ve
Chromosomal aberration analysis micronucleus assay davran de i imlerinin incelenmesi.-Yüksek Lisans
and comet assay. J. Appl. Toxicol., 22: 249-255. Tezi, Gazi Üniversitesi, Fen Bil. Enst. Ankara.



World Appl. Sci. J., 14 (Special Issue of Food and Environment): 126-135, 2011

135

79. Uyanikgil, Y., M. Yalçinkaya, U. Ate , M.  Baka and 88. Ar, A., N. Tosun, C. Eronat, N. Delen and B.H. en,
H. Karaki i, 2009. Effects of 2,4- 2001. Effects of 2,4-dichlorophenoxy acetic acid
dichlorophenoxyacetic acid formulation on medulla dimethyl amine salt on dental hard tissue formation in
spinalis of Poecilia reticulata: a histopathological rats. Environ. Int., 26(3): 137-42.
study. Chemosphere, 2009-07-04. 89. Fukuyama, T., Y. Tajima, H. Ueda, K. Hayashi, Y.I.

80. Gül, S., G. Nur and T.O. Kaya, 2005. 2,4-D’nin Siraz Shutoh, T. Harada and T. Kosaka, 2009. Allergic
bal klar nda (Capoeta capoeta umbla, HECKEL, reaction induced by dermal and/or respiratory
1843)   LC    de eri.   Türk   Sucul   Ya am   Dergisi, exposure to low-dose phenoxyacetic acid.50

4: 245-249. Organophosphorus and Carbamate Pesticides.
81. Gomez, L.,  S.  Soler,  A.  Martinez,  E.  Gazquez  and Toxicol., pp: 05-23.

V. Duran, 1999. 2,4-D Treatment in tench (Tinca tinca 90. Elio, A., 2007. Cytogenetic effects of short- and long-
L.): pathological processes on the excretory kidney. term exposure of chick embryos to the
Bull Environ. Contam. Toxicol., 62: 600-607. phenoxyherbicide 2,4-D. Environmental and

82. Elo, H.A., H. Hervonen and P. Ylitalo, 1988. Molecular Mutagenesis, 48(6): 462-466.
Comperative study on cerebrovascular injuries by 91. Bicer, S., 2005. Bir herbisit olan 2,4-D’nin s çanlarda
three chlorophenoxyacetic acids (2,4-D, 2,4,5-T and ovaryum dokusu üzerine etkileri. Yüksek Lisans Tezi,
MCPA). Comp. Biochem. Physol. C., 90(1): 65-8. Ege Üniversitesi, Fen Bilimleri Enstitüsü, zmir.

83. Ferri, A., R. Duffard and A.M. Evangelista de 92. Özbas, E., 2005. Bir herbisit olan 2,4-D
Duffard, 2007. Selective oxidative stress in brain areas (Diklorofenoksiasetik asit)’nin s çanlarda testis
of neonate rats exposed to 2,4-dichlorophenoxyacetic dokusu üzerine etkileri. Yüksek Lisans Tezi, Ege
acid through mother's milk. Drug And Chemical Üniversitesi, Fen Bilimleri Enstitüsü, zmir.
Toxicol., 1525-6014 30 (1): 17-30. 93. Özdas, E., U. Ates, Y. Uyan kgil, M. Baka, A.

84. Gorsinki, S.J., R.J. Kociba, R.A. Campbell,  F.A. Smith, Yava o lu, S. Bicer and G. Ergen, 2006. Bir herbisit
R.J. Nolan and D.L. Eisenbrandt, 1987. Acute, olan 2,4-D (diklorofenoksiasetik asit)’ in s çanlarda
pharmacokinetic and  subchronic  toxicological testis  dokusu  üzerine  etkisi.  Ege T p  Dergisi.,
studies of 2,4-dichlrophenoxyacetic acid. Fundam. 45(3): 169-174.
Appl. Toxicol., 9: 423. 94. Hayes, W.J. and E.R. Laws, 1991. Handbook of

85. McClintock, M.L. and B.B. Gollopudi, 1990. Evalurion Pesticide Toxicology Volume 3 Classes of Pesticides,
of 2,4-dichlorophenoxyacetic    acid   butaxyetly pp: 1318-1320.
ester (2,4-D BEE) in rat hepatocyte   unscheduled 95. Montiel-Marron, E., N. Ordaz-Ruiz,  C. Rubio-
DNA synthesis assey. Unpublished report No: Granados, C. Juarez-Ramirez and C.I. Galindez-Mayer,
TXT:K-007722-013 from The Dow Chemical Company, 2006. 2,4-D-degrading bacterial consortium isolation,
freeport, TX, USA. Submitted to WHO by Industry kinetic characterization in batch and continuous
Task Force II on 2,4-D Research data, Indianapolis, culture and application for bioaugmenting an
IN, USA. activated sludge microbial community. Process

86. Jefries, T.K., B.L. Yano, J.R. Orman and J.E. Battjies, Chemistry, 41: 1522-1528.
1995. 2,4-D chronic/oncogenicity studies in Fischer 96. Stevens, J.T.  and  D.D.  Sumner,  1991.  Herbicides.
344 rats. Unpublished report No. K-002372-064 from In handbook of pesticide toxicology. Hayes,W.J., Jr.
The Dow Chemical Company, Midland, MI, USA. and Laws, E.R., Jr., Eds.- Academic Pres, New York,
Submitted to WHO by Industry Task  Force  II on NY, 7-2.
2,4-D Research Data, Washington DC, USA.

87. Sulik,  M.,   A.   Sulik,   M.    Barwijuk-Machala   and
B.  Pilat-Marcinkiewicz,  2002.  Fetotoxic  action  of
2,4-dichlorophenoxyacetic acid (2,4-D). III.
Morphological changes in rat kidneys. -Rocz Akad
Med Bialymst, 47: 175-85.


