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Abstract. Since the last twenty years Merdeka Village in Merdeka Subdistrict, Tanah Karo
District, Indonesia had been the centre of horticultural plant production for the North Sumatra
Province. Insecticide commonly used by farmers in this area was of organochloric active
ingredient, namely Dichloro Diphenyl Trichloroethane (DDT).The DDT was an insecticide that
was degraded very difficultly by the soil, was toxic and persistent in the soil for decades. This
insecticide caused changes in soil microbiology, including fungi. Soil sampling using a soil drill
at a depth of 0-20 cm with a diagonal sampling method of 45 sample points. Subsequently the
soil samples were taken to the Pesticide Laboratory at the North Sumatra Plantation Seed
Germination Center for extraction using the Quechers Tube Method using three material
variables, namely sodium acetate (Na-acetate), primary secondary amine (PSA) and
octadecylsilane (C18) with Gas Chromatography-Mass Spectrometry (GC-MS). The results
showed that DDT derivatives were found in B o'p’DDD soil at the amount of 1.6 ngKg-1, and
at C o’p’DDD soil at 2.2 ngKg-1. The DDT residues in both locations B and C were classified
as dangerous because they exceeded the DDT standard of 0.7 pgKg-1 dry soil which refered to
the Canadian Environmental Quality Guidelines (CCME). Soil samples containing five grams
of DDT residue were then isolated and fungi growing on the soil were identified. Identification
of fungi showed that Mucor sp, Fusarium sp and Trichophyton sp were found.

Keywords: DDT residue polluted soil, mushroom identification, Merdeka Village, Mucor sp,
Fusarium sp, Trichophyton sp.

1. Introduction

Since twenty years ago, leaf onion vegetable farmers in Merdeka Village, Merdeka Subdistrict, Tanah
Karo District. Merdeka District, Karo Regency generally used insecticides to control plant pests.
Intensive use of insecticides left residues in the soil and plants and caused death of various types of
beneficial microorganisms, and even enter the body of fishes, animals and aquatic biota [1].

Some important effects caused by insecticides were the changes in the ecological balance of soil
microflora [2]. To reduce the negative effects of chemicals it was necessary to conduct research on
microorganisms that was potential to be used as degradator of chemicals contained in insecticides.
Indigenously microorganisms was able to be developed from agricultural land contaminated with DDT

[3].
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In Rachel Carson's book entitled "Silent Spring" it was able to be seen a very clear picture of the
negative effects caused by the use of prolonged synthetic chemicals [4]. Insecticides had a negative
impact on the environment that it was able to accumulate in the bodies of insects, plants, fish and birds
[5], and cause disturbances in the ecological balance of soil microflora and changes in soil microflora.
One type of dangerous chemical insecticide was DDT [6]. The DDT insecticide belong to the
organochlor group. Its metabolites are dichlorodiphenyl dichlorethylene-DDE, dichlorodiphenyldi-
chloroethane - DDD, and methoxychlor, hexachlorobenzene (HCB), hexachlorocyclohexane group [a-
HCH, R-HCH, Y-HCH], the cyclodiene group [aldrin, dieldrin, endrin, chlordane, nonachlor, heptachlor
andheptachlor-epoxide], and chlorinated hydrocarbons [dodecachlorine, Toxaphene, and chlordecone]
[7]. All DDT-forming isomers have a relative molecular weight of about 354.5. The pp 'DDT
temperature is around 108.5 to 109°C and the pressure is around 2.53 x 10-5 Pa (1.9 X 10" mmHg) at a
temperature of 20°C. The DDT is a mixture of organic solvents (100 ml'g) benzene, 110;
cyclohexanone, 100; chloroform, 96; solvents, 4-10; ethanol, 1.5. The DDT is highly insoluble in water
(solubility of about 1ug liter?) but is highly soluble in animal fat [8]. In Pakistan, DDT residues were
found at 5 cm from the surface of sandy loam soil [9] DDT is able to survive for 4-35 years in the soil
and is immobile [10], resulting in slow environmental damage. The DDT found in 1973 was very
dangerous to life and the environment, because it left very long persistent residues and was able to
accumulate in tissues through the food chain, was very stable both in water, in the soil, in plant and
animal tissues [11]. Some fungi commonly found on the soil were Fusarium sp, Mucor sp, Trichoderma
sp, and others. In India, Mucor sp fungi isolated from Bhitarkania mangrove forest was also found [12].

In this study, soil contaminated with DDT residues was extracted using Quechers Tube method
and applying three material variables namely sodium acetate (Na-acetate), primary secondary amine
(PSA) and octadecylsilane (C18) with Gas Chromatography-Mass Spectrometry (GC-MS) instrument.
The soil sample preparation method was fast, easy, cheap, effective, sturdy and safe or QUEChERS
(Quick, Easy, Cheap, Effective, Rugged and Safe) [13], and has been used in multi-pesticide residue
analysis on various sample matrices. QUEChERS method had several advantages such as simple, had
only a few stages of analysis and effective in the cleanup process. This method was also environmentally
friendly because it required only a small amount of organic solvents, which was in line with the current
new trend of "green analytical chemistry" [14,15]. This method was proved to be effective in analyzing
pesticide residues in sample matrices of fruits and vegetables matrix.

2. Methods

2.1. Taking Soil Samples Containing DDT Residues

The first soil samples were taken at point B {3°12 '10, 422 North, 98°29 '55, 44> East 3012 '10, 342’
North. 98°29 '56, 22% East 3°12 '07, 66* North, 98°29 '54, 90* East 3°12 '07,76* North, 98°29 '55, 00*
East} and Point C {3°12 '07, 73% North 9829 '56 , 192 '. 3°12 '07, 60*North 98°29 '56. 3°12' 06, 93*
North 98°29' 56. 3°12 '07, 46 North 98°29 '55} by placing an anchoring in a diagonal direction, then tie
a plastic rope over the anchoring wood to form a diagonal line. After the rope has been installed, the
next step was to drill the soil using a soil drill with a depth of 0-20 cm at twenty-five holes at point B.
After the soil was drilled at every single point, the soil was put directly into a two kilogram plastic bag,
then a sticker label was put on each plastic bag, where the location, the point name and the coordinate
of the point using the GPS Test Plus of the soil sample being taken was written down. This was done to
get twenty points of drilled holes in a diagonal line. Next, after finishing taking the soil samples on a
diagonal line, the step was repeated to take soil samples on the other diagonal line in a different direction
until it formed a letter of X, with the number of fifteen drilled holes, so totally the holes taken at point
B was 45 drilled points. The next step was to collect all the soil samples that had been packaged by
mixing it into one composite soil sample and brought it to the Pesticide Laboratory at the North Sumatra
Plantation Plant Seed Center. This soil sample was extracted using Quechers Tube Method with a Gas
Chromatography-Mass Spectrometry (GC-MS) instrument to detect its level of insecticide residues
contained in the soil.
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2.2. Soil Sample Preparation

The soil samples were taken to the Pesticide Laboratory at the North Sumatra Plantation Seed
Germination Center for extraction using the Quechers tube method using three material variables namely
sodium acetate (Na-acetate), primary secondary amine (PSA) and octadecylsilane (C18) [16] ) with Gas
Chromatography-Mass Spectrometry (GC-MS). A 2.5 g of homogenized soil was weighed using
Mettler Toledo. Each soil was taken from soil samples B and C, then be sifted so that it became smooth
and evenly mixed. Then, the soil was sprinkled to the media by sifting it, so that it was evenly distributed
throughout the Sabaraud Dektrosa Agar media. The 2.5gr of soil sample was divided into 10 Agar
Extracted Sabaraud mushroom media. Each 2.5 grams soil sample was taken and put into Dextrose
Sabaraud mushroom growing media which contained Clorampenicol and Cycloheksamide as antibiotics
so that the fungi growth would be better and be protected from bacteria caused by contaminants. Early
identification of fungi was done macroscopically and microscopically on growing fungal colonies. Then
purification of each fungus was carried out [17].

2.3. Mushroom Isolation

Composite soil samples were taken by uniting all soil samples and mixing them evenly in the biosafety
cabinet. Composite soil samples of B and C of 0.25 grams were cultured into Sabaraud Dektrosa Agar
media. Then it was cultured at room temperature 27°C by placing it in a dry place and being given a
lamp waiting for three to six days to be placed in the biosafety cabinet just to see its fertility whether the
growth of the fungus was good or not and then identified. Furthermore, the fungal isolates from the
sample B and C were observed; if there was a contamination in the media, then the fungus was
transferred to the new media and the isolation process was repeated so that the pure isolates of the fungus
were obtained.

2.4. Mushroom Identification

Mushroom culture that grew on soil samples B and C was identified by observing the kind of fungus.
Next, it was transferred to the Potato Dextrosa medium in order to get the pure species of the fungus
grown in the soil. When observed microscopically at 40x100 magnification, it was seen that Mucor sp
had sporangia as its reproduction tools [17].

2.5. Mushroom Staining

The structure of the growing pure fungus was seen using a wet preparation of Lactophenol cotton blue.
Filamentous fungus colonies were taken with cellotape and then placed into the media where the fungus
was slightly pressed and then placed on a glass object containing lactophenol cotton blue [1] and was
seen under a microscope with 10x and 40x magnification. Then, microscopic images were taken. Then
the images were seen and observed microscopically; if fungus colonies were yeast gram staining
procedures were carried out like what has been done in bacterial staining.

3. Result and Discussion

Recently farmers use synthetic insecticides in their agriculture practices. Synthetic insecticides contain
inorganic compound that when accumulated in the soil can cause negative effects, so that some
important microbes in soil destroyed [1], and the ecological balance of the soil is disturbed [2]. Synthetic
insecticide used by farmers called DDT is one of the compounds that can interfere with the ecological
balance of the soil [6], therefore DDT is very dangerous for the soil so an effort is needed to degrade
DDT. Identification of microorganisms that can adapt to DDT contaminated soil can be used as an
alternative to DDT degradation agents.
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The results showed that soil samples at locations B and C were contaminated by DDT. The DDT
residue testing results can be seen in Table 1.

Table 1. DDT Residue Testing Results

No. Locus DDT Consentration
1. B 1.6 ng Kg'!
2. C 2.2 ngKg'!
3. Standard DDT ¥ 0.7 ng Kg'!

Standard DDT * based on CCME [15]

Results in Table 1. showed that the DDT concentration at the test site had exceeded the normal limits,
so that it was concluded to be positively contaminated with DDT contamination. The DDT residues in
both locations B and C were classified as dangerous because they had exceeded the DDT standard of
0.7 pgKg-1 dry soil which refered to the Canadian Environmental Quality Guidelines (CCME) [18].
Microscopic identification results can be seen ini.
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Figure 1. Fungus a. Mushroom Mucor sp b. Mushroom Thrichophyton sp. ¢c. Mushroom Fusarium sp

The results showed that fungi adapted to DDT contaminated conditions were identified. The
visualization of Fusarium in Figure 1 was matched with fungus identification standards. Figure la
showed hyphal colony morphology form like white thread, at certain parts there were sporangium and
sporangiophore in the form of black dots like pin needles and microscopic features of hyphae without
septum; there were sporangium and sporangiospores so it was identified as Mucor sp. The classification
of Mucor sp is shown in Table 2.

On the other hand, Figure 1b was more likely to have a denser arrangement and had a special
characteristic that microscopically it had insulated hyphae, spiral hyphae, mace macroconidia was found
and it had a thin cell wall consisting of 6-12 cells, macroscopically coarse-powdered colonies were
found and the protruding middle part was visible, so Figure 1b was identified as mushroom
Trichophyton sp. The Trichophyton sp classification is shown in Table 2.

In Figure 1c it was seen that the tissue forms were elongated and tight and characterized by having
a microconidia and macroconidia structure, the colony surface was purple and the edges were jagged
and had a rough, fibrous and wavy surface. In the soil, this fungus formed branched conidiophores and
macroconidiium which was crescent shaped or was like a small stalk banana and were in pairs so that it
was classified as Fusarium sp. The classification of the fungi Fusarium sp is shown in Table 2.

Table 2. Classification of Mucor sp, Trichophyton sp, Fusarium sp Fungi
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No | Classification of Fungi Mucor sp Trichophyton sp Fusarium sp
1 Super Kingdom Eukaryota Eukaryota Eukaryota
2 | Kingdom Fungy Fungy Fungy
3 Divisio Zygomycota Ascomycota Ascomycota
4 | Class Zygomecetes Euascomycetes Sordariomycetes
5 | Ordo Mucorals Onygenales Hypocreales
6 | Family Mucoraceae Arthrodermataceae | Netriaceae
7 | Genus Mucor Trichophyton Fusarium
8 | Species Mucor sp Trichophyton sp Fusarium sp

Based on the discussion, Mucor sp, Trichophyton sp and Fusarium sp were identified in DDT
contaminated soil. The presence of these three fungi was identified by the study [12] which found them
under mangrove forests in Bhitarkania, India. The fungus was able to survive in the soil contaminated
with DDT and the three fungi were parasites on plants. This showed that the mushroom microflora in
the soil was very few in number and also affected the exuberancy of vegetable plants that grew in these
locations.

The results showed that the fungus microflora in the soil were very small in number. This indicated
that the soil was relatively infertile for horticultural crops to grow. It caused plants that grow in soil
containing DDT residues to have residual levels in plants, as well. Under normal conditions where the
soil was free from DDT insecticide residues, such as in forest soil, tens of fungus species can be isolated.

4. Conclusion

The examination of two soil samples B and C showed that the soils contained DDT insecticide residues
with a concentration of 1.6 pg Kg' and 2.2 pg Kg! at location B and C, respectively. In both locations,
only three types of fungi were able to live in the top soil: they were identified as Fusarium sp, Mucor
sp and Thricophyton sp.
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