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1
 

Abstract 

In this review content, it has been described the botanical and the chemical properties of turmeric (Curcuma 

longa), and its curcuminoid polyphenolic structures and antioxidant and anticarcinogenic influences on various 

cell proliferation and apoptosis. Besides it was emphasized the innovative anticarcinogen complex as boron-

curcumin, and the safety evaluation with turmeric curcumin and the dose and toxicity in consuming for animals 

and human. 

Keywords: Turmeric, Curcuma longa, Antioxidant, Anticarcinogenic. 

 

Introduction 

Turmeric (Curcuma longa) is extensively consumed as 

a spice, food preservative, colouring food and agent 

and it is cultivated in India, South East Asia and China 

and other countries (Figure 1). Turmeric is a 

medicinal plant extensively used in Ayurveda, Unani 

and Siddha medicine as home remedy for various 

diseases (1). Dried turmeric powder is also utilized in 

sub-continental cooking and is the main ingredient in 

all forms of “curry” preparations. The wild turmeric is 

called C. aromatica and the domestic species is called 

C. longa. Turmeric has been described as C. longa by 

Linnaeus and its taxonomic profile is as follows (1) 

Class Liliopsida 

Subclass Commelinids 

Order Zingiberales 

Family Zingiberaceae 

Genus Curcuma 

Species Curcuma longa 

Curcuma longa, a perennial herb and member of the 

Zingiberaceae (ginger) family, grows to a height of 3-

5 feet with a tropical climate. It has oblong, pointed 

leaves and funnel-shaped yellow flowers (2) (Figure 

1). Dried turmeric plant is the source of the spice, the 

ingredient that gives curry powder and has 

characteristic yellow-orange color (Figure 1). 

It has stated that turmeric spice is an antioxidant, 

anticarcinogenic and has hepatoprotective, anti-

inflammatory, and antimicrobial properties. Besides, 

its utilizing in cardiovascular disease and 

gastrointestinal disorders. Current review has focused 

on turmeric’s phenolic antioxidants as anticarcinogen 

agents 

 

 

 

 
Figure 1: Turmeric (Curcuma longa) plant (left) and 

turmeric root and powder (right) (Anonim,2015) 
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Bioactive Constituents of Turmeric and Main 

Component Curcumin 

Turmeric spice includes 6.3% of total protein, 5.1% of 

total fat, 69.4% of carbohydrate and 13.1% of 

moisture. The main bioactive component of turmeric 

is curcumin (diferuloylmethane) as 3-4% and remain 

-phellandrene (1%), 

sabinene (0.6%), cineol (1%), borneol (0.5%), 

zingiberene (25%) and sesquiterpines (53%) in the 

structure (3). Curcumin is responsible for the yellow 

color and comprises three derivative containing 

curcumin I (94%), curcumin II (6%), and curcumin 

(III) (0.3%) (3). the melting point of curcumin is176-

-brown salt with alkali 

agents. Turmeric is soluble in ethanol, acetic acid, 

ketone and chloroform. Figure 2 shows the chemical 

composition of curcumin and its keto-enol structure 

(3,4).  

Curcumin can exist in at least two tautomeric forms, 

keto and enol. It is stated that the enol form is more 

energetically stable in the solid phase and in solution 

(Figure 2). 

 

 
Figure 2. The Chemical Structure of Curcumin (4) 

 

The chemical structures of curcumin derivatives as 

curcumin I, curcumin II demethoxycurcumin, and 

curcumin III bis-demethhoxycurcumin are given in 

Figure 3. Curcumin is the principal curcuminoid of 

spice turmeric, is a member of the ginger family 

(Zingiberaceae) and the other two curcuminoids are 

desmethoxycurcumin and bis-desmethoxycurcumin 

(Figure 3).  

The curcuminoids are polyphenols and are responsible 

for the yellow-orange color of turmeric. Turmeric 

powder is yellow pigmented and has numerous 

curcuminoids that include curcumin (77%), 

demethoxycurcumin (17%), and 

bisdemethoxycurcumin (3%). Curcumin is a 

polyphenol (1,7-bis(4-hydroxy-3-methoxyphenyl)-

1,6- heptadiene-3,5-dione). 

 
Figure 3. Curcumin Derivatives in Turmeric (5) 

Health Effects of Curcumin 

Curcumin is brightly yellow coloured and may be 

used as a food colouring. As a food additive, its E 

number is E100. In ayurvedic medicine, it has been 

used for various disorders including asthma, bronchial 

hyperactivity, coryza, cough, sinusitis, allergy, 

anorexia, and hepatic diseases (6).  

It has been reported that many positive health on anti-

infectious (7), anti-oxidant (8), anti-inflammatory 

(9,10), hepatoprotective (11), cardio protective (12), 

thrombosuppressive (13), anti-arthritic symptoms 

(14). It has been reported that curcumin suppresses the 

type II diabetes symptoms, reduces blood cholesterol, 

prevents LDL oxidation, inhibits platelet aggregation, 

suppresses thrombosis and myocardial infarction, 

supresses rheumatoid arthritis and multiple sclerosis 

symptoms and Alzheimer (15). It has been most 

importantly determined that curcumin has chemo 

preventive, and anti-carcinogenic properties (16). 

Antioxidant Effects of Curcumin 

Through a variety of assay systems in vitro and in vivo 

researches shown that curcumin and related 

compounds have great antioxidative activities. It is 

stated that, not only the phenolic hydroxyl (OH) 

groups of curcumin are most important in its 

antioxidative property but also the OH groups in the 

curcumin derivative bis (3,4-dihydroxycinnamoyl)-

methane and also possible role of -diketone moiety 

in the curcumin structure (17-24). According to 

studies, the presence of an ortho alkoxy group seems 

to potentiate the antioxidant activity, as does an 

additional hydroxy group as in bis (3,4-

dihdroxy)cinnamoyl methane (24). It is reported that 

water-soluble and fat-soluble extracts of turmeric and 

its curcumin component exhibit strong antioxidant 

activity, comparable to ascorbic acid (vitamin C) (25). 
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Figure 3. Curcumin analogues from mother structure (19) 

 

Figure 3 shows a number of naturally occurring 

bioactive compounds having some structural 

similarity to the curcumin molecule, or at least having 

a pharmacophore including one aryl function with 3,4 

substitution, either a methoxylated phenol or catechol 

(Figure 3). These compounds include ferulic acid, 

cinnamic acid, caffeic acid, chlorogenic acid, 

capsaicin, gingerol, paradol, zingerone, eugenols) or 

in two aromatic rings (e.g., oregonin, nitric oide 

synthase--iNOS inhibitör, dehydroguairetic acid, 

yakuchinones, cassumunins). The same chromophore 

is responsible for both the antioxidant and prooxidant 

properties of curcumin and its analogues that may be 

owing to the its radical-generating or hydrogen bond 

donor-acceptor properties. 

Anticarcinogenic effects of curcumin 

The extensive studies suggested that curcumin has the 

great potential in the prevention and treatment of 

cancer. In vitro and in vivo preclinical and clinical 

studies shown that curcumin has positive effects in the 

cancer treatment (15) 

 

 

Curcumin has been shown to promote 

apoptosis in certain cancer cell lines and to inhibit 

telomerase activity, an important factor in 

tumorigenesis. One possible mechanism for the 

induction of tumor cell death is through the generation 

of reactive oxygen intermediates. 

The oleoresin of turmeric which obtained 

after the extraction of curcumin has antimutagenic 

properties, thought to be mediated through its 

antioxidant action (16). In this chemopreventive 

effect, the anti-inflammatory properties of curcumin 

are also important and it is stated due the suppression 

of prostaglandin synthesis.  

Curcumin polyphenolic substance has antiproliferative 

effects (5). It is reported that curcumin suppresses the 

proliferation of a wide variety of cancer tumor cells 

containing breast carcinoma, colon carcinoma, renal 

cell carcinoma, hepatocellular carcinoma, T cell 

leukaemia, B cell lymphoma, melanoma and prostate 

carcinoma, acute myelogenous leukaemia, basal cell 

carcinoma (5). 
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Figure 4. Curcumin Analogues from Mother Structure (5) 

 

Besides, curcumin also inhibits the cell proliferation 

induced by growth factors such as IL-2-induced 

proliferation of PBMC, PDGF-induced proliferation 

of VSMC and PHA-induced proliferation of PBMC 

were inhibited by treatment with curcumin (26). It is 

stated that the suppression of cell proliferation by 

curcumin usually occurs through its effects on the cell 

cycle (27). Figure 4 shows the mechanism of 

apoptosis with curcumin. Moreover the suppression of 

proliferation, curcumin induces apoptosis in wide 

spectrum of cells. In this point, the apoptosis could be 

either mitochondria-dependent or mitochondria-

independent as shown in Figure 4. It is also reported 

that curcumin induces apoptotic cell death by DNA-

damage in human cancer cell lines, TK-10, MCF-7 

and UACC-62 by acting as topoisomerase II poison 

(28). 

Boron-Curcumin Complex 

It is stated that curcumin can be used for boron 

quantification in the so-called curcumin method. It 

reacts with boric acid and gives a red coloured 

compound, known as rosocyanine (29). Rosocyanine 

is formed as 2:1 complex from curcumin and boric 

acid in acidic solutions. The boron complexes formed 

with rosocyanine are dioxaborines (1,3,2-

dioxaborine). Curcumin possesses a 1,3-

diketonestructure and can therefore be considered as a 

chelating agent. 

 

 

Figure 5. Curcumin-Boron Complex (Rosocyanine) (29) 

It has been put forwarded that innovative synthetic 

strategies lead to soluble and crystallisable metal 

curcumin complexes (29). Also, it was described that 

the special emphasis is placed on the highly promising 

and exciting medicinal applications of metal curcumin 

complexes, with the three most important areas being 

anticancer activity and selective cytotoxicity, anti-

Alzheimer’s disease activity, and 

antioxidative/neuroprotective effects (29). 

Safety evaluation with turmeric and curcumin  

Based on the detailed studies, it has been stated that 

the safety evaluation of the rhizomes of turmeric and 

its alcohol extract, curcumin was performed. 

However, the utilization of very high doses (100 

mg/kg body weight) resulted in ulcerogenic situation 

in animals, as evidenced by one rat study (30) 

It has been reported that no pathological, behavioural 

abnormalities or lethality (31) and also no adverse 

effects were observed on growth and the level of 

erythrocytes, leucocytes, blood constituents such as 

haemoglobin, total serum protein, alkaline 

phosphatase, etc. in male and female Wistar rats, 

guinea pigs and monkeys of both sexes which were 

fed with turmeric at a dose of 300 mg/kg body weight 

(32). 

Although various studies shown that no significant 

toxicity has been reported following either acute or 

chronic administration of turmeric extracts at standard 

doses, it was reported the average intake of turmeric 

by Asians varies from 0.5-1.5 g/day/person, which 

produces no toxic symptoms (33). Human clinical 

trials also indicate that curcumin has no toxicity when 

administered at doses of 1–8 g/day (34) and 10 g/day 

(35). It was also shown that there is no evidence that 

dietary consumption of turmeric as a spice adversely 

affects pregnancy or lactation, the safety of curcumin 

supplements in pregnancy and lactation has not been 

established. 
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Abstract 

Objective: The essential oil composition of two Salvia taxa (Salvia sclarea and Salvia verticillata subsp. 

verticillata) analysed and yield of compositions were analysed 

Material and Methods: The essential oil was extracted by hydro distillation using a modified Clevenger 

apparatus coupled to a 2 L round-bottom flask. A total of 100 g of fresh plant material (aerial parts) and 1 L of 

water were used for the extraction. Gas chromatography / Mass spectrometry (GC-MS) analysis were applied 

to extracts. 

Results: The essential oil yields of Salvia sclarea and Salvia verticillata L. subsp. verticillata were found as 

0.4 and 0.3 %v/w, respectively. Overall, thirty seven compounds which accounted for 97.9% in Salvia sclarea 

and seventy four constituents, which accounted for 98.6% of the total compositions of each oil are determined 

in Salvia verticillata L. subsp. verticillata. The spathulenol (19%), caryophyllene oxide (15.5%), linolyl acetate 

(11.3%) and linalool L (8.5%) were the major compounds of Salvia sclarea and the germacrene D (13.8%), 

spathulenol (10%) and limonene (4.5%), 1.8- cineole (4.5%) were the main compounds of the Salvia 

verticillata L. subsp. Verticillata 

Conclusion: spathulenol was found as major compound for both Salvia sclarea and Salvia verticillata subsp. 

verticillata while,  the other main components were not showed similarity 

Keywords: Salvia sclarea, Salvia verticillata, GC-MS, Essential oil, Spathulenol 

 

Introduction 

The genus Salvia L. represents nearly 1000 species 

displaying a remarkable diversity in growth forms, 

secondary compounds, floral morphology, and 

pollination biology. The genus has distributed 

extensively in 3 regions of the world: Central and 

South America (500 spp.), western Asia (200 spp.), 

and eastern Asia (100 spp.) (1). Anatolia is a major 

diversity center for Salvia in Asia (2). Turkey is home 

to 95 Salvia species, 49 (52%) of which are endemic 

(3). 

The first revision of Salvia in Turkey was made by 

Hedge (1982), who recognized 86 species, 1 hybrid 

and 1 doubtful species. There, he grouped the species 

by stamen characters and other morphological 

similarities. Since the publication of the Flora of 

Turkey, nine species have been added to the genus as 

new species (4-9) or new records were reported (10-

12). The number of species now reaches 95, showing 

that Turkey is amajor centre of diversity for the genus 

in Asia.  

Salvia sclarea L. also known as muscat sage is one of 

the highly demanded Mediterranean species for its 

aromatic properties (13-14).  

 

S. sclarea or clary sage is widely used in cosmetic 

industry as well (15). Extracts of the aerial part of 

clary sage have a broad spectrum of effects: analgesic, 

antiinflammatory (16), antifungal (17) and 

antibacterial  (18). 

Salvia species heve been used in folk medicine for 

wound healing and in alleviating stomach, liver, and 

rheumatism pains and for treating the common cold in 

the form of infusion and decocation in various parts of 

the world (19,20). They and their essantial oils are 

used in food flavoring, pharmceuticals, and in 

perfumery. Salvia species mainly contain essantial oil 

and phenolics (21). Some of the phenolic compounds 

of plants belonging to this genus have also shown 

excellent antimicrobial activity, as wellas scavenging 

activity of active oxygen, inhibiting lipid peroxidation 

and antioxidant activity (22-24). 

Recently, the essential oils and various extracts of 

plants have gained special interest as sources of 

natural antimicrobial and antioxidant agents because 

of the resistance to antibiotics that some 

microorganisms have acquired and the possible 

toxicities of the synthetic antioxidants (25,26). 
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In the context of essential oil study in our laboratuary 

in the same family (27-29)  it is aimed that to evaluate 

the composition of the essential oils obtained from the 

aerial parts of Salvia sclarea and Salvia verticillata 

subsp. verticillata growing wild in Turkey.  The 

results were discussed with the Salvia genus pattern in 

means of chemotaxonomy, natural products and 

renewable resources. 

Materials and Methods 

Plant material 

Salvia sclarea L. specimens were collected during to 

flowering stage in May, 2010, at an altitude of 1400 

m, Ovacık (Tunceli-Turkey) and Salvia verticillata L. 

subsp. verticillata specimens were collected during to 

flowering stage in June, 2009, at an altitude of 1380 

m, Baskil (Elazıg-Turkey). Voucher specimens are 

kept at the Firat University Herbarium (FUH). 

Extraction of the essential oil 

The essential oil was extracted by hydrodistillation 

using a modified Clevenger apparatus coupled to a 2 L 

round-bottom flask. A total of 100 g of fresh plant 

material (aerial parts) and 1 L of water were used for 

the extraction. The extraction was performed over 3 

hour period. Subsequently, the hydrolate was collected 

and centrifuged at 10,000 rpm for 10 minutes. The 

organic phase was removed with the aid of a Pasteur 

pipette, and subsequently transferred to an black 

coloured vials, wrapped in parafilm and aluminum foil 

and 4
o
C under refrigeration until analysis. The yields 

of oils were calculated on the basis of the dry mass. 

Gas chromatography (GC) analysis 

The essential oil was analysed using HP 6890 GC 

equipped with FID detector and HP- 5 MS (30 m x 

0.25 mm i.d., film tickness 0.25 µm) capillary column 

was used. The column and analysis conditions were 

the same as in GC-MS expressed as below. The 

percentage composition of the essential oils was 

computed from GC-FID peak areas without correction 

factors. 

Gas chromatography / Mass spectrometry (GC-

MS) analysis 

GC-MS analyses of the oils were performed on a 

Hewlett Packard Gas Chromatography HP 6890 

interfaced with Hewlett Packard 5973 mass 

spectrometer system equipped with a HP 5-MS 

capillary column (30 m x 0.25 mm id, film thickness 

0.25 μm). The oven temperature was programmed 

from 70-240
o
C at the rate of 5

o
C/ min. The ion source 

was set at 240
o
C and electron ionization at 70 eV. 

Helium was used as the carrier gas at a flow rate of 1 

mL/min. Scanning range was 35 to 425 amu. Diluted 

oil in n-hexane (1.0 μL) was injected into the GC-MS.  

The identification of constituents was performed on 

the basis of retention indices (RI) determined by co-

injection with reference to a homologous series of n-

alkanes, under identical experimental conditions. 

Further identification was performed by comparison 

of their mass spectra with those from NIST 98 

Libraries (on ChemStation HP) and Wiley 7th 

Version. The relative amounts of individual 

components were calculated based on the GC (HP-

5MS column) peak area (FID response) without using 

correction factors. The identified constituents of the 

essential oils are listed in Table 1. 

Results and Discussion 

The essential oils of the aerial parts of two Salvia 

species (Salvia sclarea and Salvia verticillata L. 

subsp. verticillata) collected from the Turkey were 

obtained by hydrodistillation, in 0.4% and 0.3 (v/w) 

oil yields respectively. Thirty seven and seventy four 

components were identified representing 97.9% and 

98.6% of the oils, respectively.  The major 

constituents of S. sclarea were spathulenol (19%), 

caryophyllene oxide (15.5%), linolyl acetate (11.3%) 

and linalool L (8.5%), whereas those S. verticillata 

subsp. verticillata were germacrene D (13.8%), 

spathulenol (10%) and limonene (4.5%), 1.8- cineole 

(4.5%) (Table 1). The oils were complex mixtures of 

non-terpenes, monoterpenes and sesquiterpenes: 

Totally, eighty nine components were identified in 

essential oils in the study.  

The hydrodistilled essential oils of the aerial parts of 

wild-growing Salvia sclarea originated from two 

localities in Greece were analyzed by GC-MS. Sixty-

six compounds, representing 93.26−98.19% of the 

oils, were identified. Linalyl acetate (19.75−31.05%), 

linalool (18.46−30.43%), geranyl acetate 

(4.45−12.1%), and α-terpineol (5.08−7.56%) were the 

main components (17). In general, we can said that 

there are some similarities between in Greece samples 

and Turkey specimens.  

Twenty-eight components were identified for S. 

verticillata, constituting 98.2% of the total oil. S. 

verticillata oil was dominated by monoterpenes 

(64.5%). Among these monoterpenes hydrocarbons 

such as -pinene (30.7%), p-cymene (23.0%) and -

pinene (7.6%) were reported by Pitarokili et al (30). It 

is interesting that although major components (-

pinene, p-cymene and -pinene) of essential oils were 

reported by Pitarokili et al (30), those major 

components were detected trace amounts in our 

samples. On the other hand, the β-caryophyllene 

(13.3%), γ-muurolene (10.3%) and trans-

chrysanthenol (6.1%) were the major compounds of 

essential oil of Salvia verticillata from Yugoslavia 

(31). 

However, two dominant components in Iran, (E)-

caryophyllene and -humulene were also dominant 

components in all three Serbian populations, 

suggesting that these are generally present in S. 

verticillata. Additionally, germacrene D was the main 

component (48.0% and 24.6% of oil, respectively) in 

two populations collected from in Serbia (32).  
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Table 1: Constituents of the essential oils of S. sclarea and S. verticillata subsp. Verticillata.  

RI: Retention Indices 

No Compounds RI S. sclarea 

(%) 
S. verticillata subsp. 

vert. (%) 

1 Thujone 1016 -- 0.3 

2 α-Pinene 1021 0.4 2.7 

3 Camphene 1035 -- 0.2 

4 Sabinene 1052 -- 0.9 

5 β-Pinene 1056 -- 2.8 

6 β-Myrcene 1064 0.7 0.9 

7 Mentha-1 (7) 8 diene 1075 -- 0.2 

8 -3-Carene 1079 -- 1.3 

9 α-Terpinene 1085 -- 0.1 

10 Benzene, 1-methyl-2 1087 -- 0.2 

11 p-Cymene 1092 -- 1.1 

12 Limonene 1094 -- 4.5 

13 Sabinen 1096 -- 2.1 

14 1.8-Cineole 1098 -- 4.0 

15 cis-Ocimene 1100 0.4 -- 

16 γ-Terpinene 1118 0.6 0.2 

17 cis-Sabinenehydrate 1126 -- 0.2 

18 2-methyl 1-propenyl 1133 -- 0.1 

19 Benzene, 1-methyl-4 1140 -- 0.1 

20 Linalool-L 1148 8.5 -- 

21 Trans-verbenol 1180 -- 0.4 

22 Pinocarvone 1192 -- 0.2 

23 Borneol-L 1199 -- 0.6 

24 3-Cyclohexen-1-ol 1205 -- 0.2 

25 -Terpineol 1215 4.5 0.4 

26 Trans-carveol 1231 -- 0.2 

27 Nerol 1234 0.7 -- 

28 Propanol, 2-methyl-3-phenyl 1248 -- 0.2 

29 Linalyl acetate 1252 11.3 -- 

30 Benzeneacetaldehyde 1268 -- 0.3 

31 Bornyl acetate 1282 -- 0.2 

32 -Cubebene 1337 -- 1.9 

33 Lavandulyl isobutanoate 1345 1.5 -- 

34 -Ylangene 1355 -- 0.4 

35 α-Copaene 1360 -- 1.7 

36 Lavandulyl acetate 1361 3.8 -- 

37 β-Bourbonene 1366 -- 2.0 

38 -Cubebene 1369 -- 1.7 

39 -Caryophyllene 1393 1.8 1.8 

40 -Copaene 1400 -- 3.8 

41 Aromadendrene 1406 -- 0.6 

42 α-Amorphene 1410 -- 0.4 

43 5,9-Undecadien 1411 -- 0.6 

44 Trans--farnesene 1415 -- 0.8 

45 (+)-Epi-bicyclosesquiphallendrene 1422 -- 1.2 

46 Naphthalane 1431 -- 3.1 

47 Germacrene D 1435 0.7 13.8 

48 β-Selinene 1441 -- 0.4 

49 Methyl ısoeugenol 1442 -- 1.3 

50 Bicyclogermacrene 1445 0.5 3.3 

51 -Cadinene 1455 -- 1.3 

52 Cadinene 1458 0.6 2.9 

53 cis-Calamenene 1461 -- 1.3 

54 3,5-diene muurola 1467 -- 0.5 
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It is possible to say that Turkey and Serbian S. 

verticillata samples has same major essential oil 

compounds generally.  

The analysis of the essential oil composition of several 

Salvia species indicates that 1,8-cineole (eucalyptol), 

and borneol are its main constituents. However, 

several authors have documented significant species 

specific variations in the concentration of these 

compounds and/or presence of others in high 

concentrations (33-41). Moreover, the essential oil 

composition of Salvia species, as occurs with other 

medicinal and aromatic plants, is highly influenced by 

genetic and environmental factors (42-43). 

 

 

 

 

 

 

Some species of Salvia from Turkey were dominated 

in germacrene D (27%), bicyclogermacrene (11.3%), 

spathulenol (10%) in S. ceratophylla oil; germacrene 

D (26.3%), bicyclogermacrene (24.1%), α-copaene 

(21.1%), β-cubenene (8.1%) and δ-cadinene (5%) 

were in S. aethiopis oil (27); 1,8-cineole (30.5%), 

camphor (21.3%) and borneol (8.50%) in S. aucheri 

var. aucheri oil; pinene (10.3%), 1,8 cineole 

(46.0%) and camphor (8.7%) in S. aramienesis oil; -

thujene (36.1%) and -pinene (13.8%) S. pilifera oil 

(44); β-caryophyllene (18%), germacrene D (16.5%), 

linalool L (9.2%), caryophyllene oxide (7.3%), 

sclaraeol (6.6%) and linalyl acetate (6%) in S. 

palaestina; α-pinene (33.7%), germacrene D (7.5%), 

β-pinene (6.8%), α-humulene (6%), and viridiflorol 

(3.8%) in S. tomentosa (29) were reported essential oil 

from Turkey. Limonene (11.7%), 2-cyclohexen-1-ol 

(9.2%), trans-verbenol (7.7%) and trans-(+)- carveol 

(6.7%) were found to be major components in S. 

kronenburgii (45). 

No Compounds RI S. sclarea 

(%) 
S. verticillata subsp. 

vert. (%) 

55 -Cadinene 1470 -- 0.3 

56 -Calacorene 1473 -- 0.5 

57 Valencene 1479 0.6 -- 

58 Nerolidol 1485 -- 0.6 

59 1,5-Epoxisalvial-4 [14]-ene 1490 2.0 -- 

60 Spathulenol 1495 19.0 10.0 

61 Caryophyllene oxide 1498 15.5 1.7 

62 Salvial-4 (14)-en-1-one 1504 1.0 1.5 

63 Jasmone 1512 -- 0.8 

64 Humulene epoxide II 1514 0.7 0.2 

65 Isolongifolene 1517 0.5 0.8 

66 Vulgarol-B 1521 -- 0.3 

67 Isospathulenol 1526 1.2 -- 

68 t-Muurolol 1531 0.8 -- 

69 Epi--cadinol 1532 -- 0.7 

70 Selinene 1535 1.1 0.9 

71 -Eudesmol 1540 2.2 1.7 

72 Eudesma-4 [15], 7-dien-1-beta-ol 1541 0.8 1.2 

73 -Gurjunene 1544 -- 0.6 

74 Cadalene 1548 1.6 0.7 

75 Valeranone 1550 1.5 2.5 

76 Ethanone 1555 -- 0.7 

77 Cyercene 1558 0.7 1.7 

78 Ledene 1575 -- 0.1 

79 2-Heptanone 1586 0.7 -- 

80 Benzylbenzoate 1595 0.6 -- 

81 -Muurolene 1608 -- 0.1 

82 2-Pentadecanone 1631 -- 1.5 

83 1H-Naphtol [2,1-b] pyran 1655 7.0 -- 

84 Farnesyl acetone 1664 -- 0.1 

85 Nerolidyl acetate 1667 0.5 -- 

86 Pimaradiene 1695 0.6 -- 

87 Manoyl oxide 1716 0.6 -- 

88 Abietetrane 1756 0.7 -- 

89 Abietal 1861 1.5 -- 

 Total  97.9 98.6 
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The major components in each of the seven species 

were as follows: S. coccinea (Z)-3-hexenal (31%), 

viridiflorol (19%); S. farinacea 1-octen-3-ol (30%) 

and (Z)-3-hexenal (23%); S. greggii 1,8-cineole 

(22%), borneol (17%), camphene (11%) and a-pinene 

(10%); S. leucantha limonene (35%) and -pinene 

(17%); S. longispicata x farinacea 1-octen-3-ol (50%) 

and (Z)-3-hexenal (24%); S. madrensis (Z)-3-hexenal 

(53%); S. roemeriana limonene (49%) and alpha-

pinene (20%); and S. splendens (Z)-3-hexenal (36%), 

2,5-dimethoxy-p-cymene (19%) and linalool (11%) 

(46).  

It is said that, in the comparison of major compounds 

of two Salvia essential oil with the other Salvia 

species; we can say that α/β-pinene characteristic 

group in S. syriaca (12.6% - 7.3%) (47), S. caespitosa 

(6.8% - 22%) (48), S. blepharochlaena (10.1% - 4%) 

(48), S. pilifera (11.2% - 1%) (48), S. hypoleuca 

(5.9% - 7.2%) (49), S. officinalis (3.1% - 9.8%) (50), 

S. tomentosa (33.7% - 6.8%) (29), S. verticillata 

(30.7% - 7.6%) (30) and S. bracteata (9.4% - 10.5%); 

β-caryophyllene dominated group are; S. triloba 

(11.8%) (51), S. longipedicellata (16.1%) (48), S. 

hypoleuca (14.6%) (49), S. palaestina (18%) (28),  S. 

verticillata (13.3%) (30), S. russellii and S. bracteata 

(4.8% - 16.7%) (52); caryophyllene oxide dominated 

group are; S. hypergeia (10.7%), S. longipedicellata 

(23.3%) (48), S. palaestina (7.3%) (29),  S. 

trichoclada (7.0%) (28); Salvia sclarea (15.5%) 

(Table 1); camphor dominated group are; Salvia 

multicaulis (13.2%) (28), S. tricochlada (11.3%) (28), 

S. verbenaca (7.0%) (30) and S. bracteata (17.8%) 

(52). 

Conclusion 

The main conclusion from the above data, particularly 

infraspesific differences means, might be explain that 

genetic and environmental factors both play a role in 

determining the composition of essential oils of the 

Salvia species studied. In addition, spathulenol was 

found as major compound for both Salvia sclarea and 

Salvia verticillata subsp. verticillata while,  the other 

main components were not showed similarity. In 

addition, the results were discussed with the Salvia 

genus pattern in means of chemotaxonomy, natural 

products and renewable resources.   
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Abstract 

Objective: Use of artificial tanning devices that emit UV radiation, such as tanning lamps and tanning beds, 

has become increasingly popular in the world. A tanning bed is a device emitting ultraviolet radiation used to 

produce a cosmetic tan. A number of studies have been conducted evaluating the risk of cutaneous malignant 

melanoma after exposure to sunlamps and/or sunbeds. Although an excess risk of nonmelanoma skin cancers 

might be predicted from this exposure, little epidemiologic data exist.  

Material and Methods: In this study the leakage electromagnetic fields around artificial tanning devices were 

measured in Sun Club Beauty Salon and Solarium in Ankara, Turkey and evaluated in terms of standards.  

Results: It has been observed that operators exposed to low ELF and RF fields with respect to general public 

and occupational exposure limits. However, global health experts have moved use of sunbeds and exposure to 

ultraviolet radiation (including sun exposure) to the highest risk category for causing cancer.  

Conclusion: They now join agents such as tobacco, asbestos and benzene in being classed as "carcinogenic to 

humans" whereas before they were classed as "probably carcinogenic". Precautions should therefore be taken 

to minimise the exposed fields. 

Keywords: Tanning beds, Radio Frequency Radiation, Extremely Low Frequency, Exposure Limits 

 

Introduction 

Solar radiation is the main source of human exposure 

to ultraviolet (UV) radiation, which is further 

subdivided into UVA, UVB, and UVC. The ultraviolet 

component that reaches the earth’s surface comprises 

around 95% UVA and 5% UVB; UVC is blocked by 

stratospheric ozone. The use of UV-emitting tanning 

devices is widespread in many developed countries, 

especially among young women. Overexposure to 

ultraviolet radiation is known to cause skin cancer, 

make skin age and wrinkle faster, mutate DNA, and 

reduce the immune system. Frequent tanning bed use 

triples the risk of developing melanoma, the deadliest 

form of skin cancer. A tanning bed is a device 

emitting ultraviolet radiation (typically 97% UVA and 

3% UVB) used to produce a cosmetic tan. Regular 

tanning beds use several fluorescent lamps that have 

phosphor blends designed to emit UV in a spectrum 

that is somewhat similar to the sun. Smaller, home 

tanning beds usually have 12 to 28 100 watt lamps 

while systems found in salons can run from 24 to 60 

lamps, each consuming 100 to 200 watts. 

Because of the adverse effects on human health of 

overexposure to UV radiation, including skincancer, 

cataracts, suppression of the immune system, and 

premature skin aging, the World Health Organization 

does not recommend the use of UV tanning devices 

for cosmetic reasons (1).  

 

 

In fact, most tanning beds emit mainly UVA rays  

which may increase the risk of melanoma, the 

deadliest form of skin cancer. Using a sunbed without 

glasses may also lead to a condition known as arc eye. 

The effects of extremely low frequency (ELF) 

magnetic and electric fields and radio frequency (RF) 

electromagnetic fields on the biological organisms 

have been investigated at Biophysics Department of 

Gazi University since 1990.  The effects of 50 Hz, 0.2 

mT – 3 mT magnetic field exposures on collagen 

synthesis, epilepsy, electrolytes, lipid peroxidation 

(MDA), Nitric Oxide (NOx), respiratory burst system 

(MPO), antioxidant defense system (GSH), and 

immune system in spleen, skin, lung, kidney, brain 

and plasma tissues have been evaluated and these 

studies indicate that ELF magnetic fields have 

significant effects on these tissues (2-6).  

Effects of static and 50 Hz ELF electric (E) fields on 

free radical synthesis, antioxidant enzyme level, and 

collagen synthesis were also analyzed on tissues of 

guinea pigs, such as brain, liver, lung, kidney, spleen, 

testis and plasma (7-10).  

The results indicate that the effects of E fields on the 

tissues depend on the type and magnitude of the field 

and exposure period.  
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Evaluation of RFR (Radio Frequency Radiation) in a 

chosen pilot area, Yenimahalle Şentepe – Dededoruk 

Hill in Ankara, was realized first time in Turkey in 

2001 by Gazi Biophysics. RF radiation at that region, 

which have 64 different TV and radio towers and one 

base station, was found 4 times higher than the 

permitted standards of Turkey. The base station and 

some of TV and radio transmitters were not included 

in the calculations, since their technical information 

were not available  (11). RF at non-thermal levels 

could have significant effects on the permeability of 

blood-brain barrier (12,13). The effect of mobile 

phone radiation at different frequencies and strengths 

and the effects of radio frequency radiation on tissue 

hydroxyproline level were studied (14). Mobile phone 

exposure based RF dosimetry was determined by 

using FDTD method (15).  The ongoing study on RFR 

is the effect of mobile-phone like radiation on 

pregnant animals and their infants. It has been recently 

reported that the distortion product autoacoustic 

emissions in infant rabbits are affected by mobile 

phone radiation (16). In the Biophysics Department, a 

Gazi Non-Ionizing Radiation Protection (GNRP) 

Center was founded in 2005.  This Center performed 

studies on the biological effects of electromagnetic 

radiation and other studies mapping residential and 

workplace electromagnetic field levels since its 

foundation. GNRP also deals with training 

programmes on non-ionizing radiation, protection 

from non-ionizing radiation and electromagnetic fields 

consultancy. The Centre has also reported 

measurements of high electromagnetic field strengths. 

After these measurements, counseling and training 

programmes for public / workers were recommended 

by GNRP. 

The biological effects of exposure to RF and 

microwave radiation have been studied extensively 

and have been well reviewed by several national and 

international bodies (17). Currently there is no study 

that presents the measured electromagnetic fields, 

especially extremely low frequency fields and radio 

frequency electromagnetic radiation from tanning 

beds. The annual rate of about 2000 deaths from skin 

cancer in Germany, are mainly caused by extensive 

exposure to solar UV radiation, demands protective 

measures (18). 

Materials and Methods 

Five tanning units have been identified in Sun Club 

Beauty Salon and Solarium Centre. Three of them are 

running.  The models of devices are Ergoline 

Solarium, Ergoline 2 and Ergoline 600. Third one was 

being used while measurement, so it could not be 

measured. First system included 46 lamps with 160 W 

to burn the body and 3 lamps with 500 W to burn the 

face. Manufacturer mentioned in the catalog that total 

energy consumption is 13.7 W. Compensation is 

compulsory for the center due to high energy 

consumption. Due to this consumption, the fire risk is 

very high in the building where many people live and / 

or work there. Field-strength measurements were 

made in the absence of the human but at the normal 

location to demonstrate that the measured value was 

below the appropriate guideline level or vice versa. 

With this aim, exposed RF electric field levels were 

measured with EMR 300 (Narda, Pfullingen, 

Germany) and appropriate probes at 4 points 

(mentioned in the figure with square frame) around 

the dielectric heater in Sun Club Beauty Salon and 

Solarium (Fig. 1). EFA 300 (Narda, Pfullingen, 

Germany) was also used to measure the ELF magnetic 

fields at 7 points (shown in the circles in the figure).  

 

 
Figure 1: Electromagnetic Field Measurement points 

in the Solarium Center 

 

International Commission on Non-Ionizing Radiation 

Protection (ICNIRP) provides a two-tier set of 

electromagnetic field exposure limits (19). The higher 

tier is referred to as Occupational while the more 

restrictive tier is referred to as General Population.  

Turkey’s limits for the electric and magnetic field, 

which was formed by Turkish Information and 

Communication Technologies Authority (ICTA) in 

collaboration with Gazi Biophysics, are identical with 

the ICNIRP standards (20).  

There are only differences in two points: Turkey’s 

limits are available for only general public and the 

frequency range for Turkey’s limits is 10 kHz–60 

GHz. In this study, measurement results were 

compared with ICNIRP occupational and general 

public exposure limits mentioned Table 1 for 10 MHz 

– 100 MHz frequency range. Table 2 represents the 

occupational and general public ICNIRP 50 Hz 

magnetic field limits and IARC’s threshold for ELF 

magnetic fields. 
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Results and Discussion 

Measured ELF magnetic fields are given in Table 3. 

Bold values are magnetic field levels higher than 

IARC threshold which was announced for the 

threshold level for childhood leukemia (22). Other 

values were well below than the limits. 

Measured RF electric fields are given in Table 4. 

EMR 300 measures electromagnetic fields in three 

mode; maximum, average and maximum average 

modes. According to electromagnetic field 

measurement techniques (19), average mode 

electromagnetic field levels should be used in 

analyzing exposure. In Table 4, bold value shows the 

maximum field level. When the average electric and 

magnetic field levels were compared with ICNIRP 

1998 general public limits (28 V/m – 0.073 A/m) and 

occupational exposure limits (61 V/m – 0.16 A/m),  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

it can be seen that people exposed to low electric 

fields than general public limits. First Non-Ionizing 

Radiation Protection Center of Turkey – Gazi Non-

Ionizing Radiation Protection (GNRP) Center has 

been founded by Biophysics Department of Gazi 

University Faculty of Medicine in Ankara on July, 22, 

2005. GNRP has been working on electromagnetic 

field measurements and counseling activities about 

Non-Ionizing Radiation (NIR) since its foundation. 

One of the most important activities of GNRP was 

Sun Club Beauty Salon and Solarium measurement. 

 

The effects of RF in humans and exposed field levels 

are still emerging area of investigation.  In this 

measurement study it has been observed that 

measured average levels of RF electric fields for the 

center are under the order of occupational and general 

Table 1. ICNIRP Occupational and General Public exposure limits for 10-100 MHz (19) 

Category E  

(V/m) 

H  

(A/m) 

B 

(μT) 

Occupational Exposure 61 0.16 0.2 

General Public Exposure 28 0.073 0.092 

 

Table 1. ICNIRP Occupational and General Public exposure limits for 10-100 MHz (19) 

Category E  

(V/m) 

H  

(A/m) 

B 

(μT) 

Occupational Exposure 61 0.16 0.2 

General Public Exposure 28 0.073 0.092 

 

Table 3. Measured ELF magnetic (H) fields 

No Measurement point Magnetic field (mG) Frequency (Hz) 

1 Solarium 1 off, inside the unit 1,09 33 

2 Solarium 1 on, inside the unit 52,08 51 

3 Solarium 1 on, in front of the unit 9,34 51 

4 Solarium 2 on, inside the unit 10,58 151 

5 Solarium 2 on, in front of the unit 1,94 131 

6 Solarium 1,2 and 3 on, in front of the 2nd unit 0,93 51 

7 Solarium 1,2 and 3 on, in front of the 3rd unit 1,05 51 

 

Table 4.  Measured RF electric fields (100 kHz – 3 GHz) 

No Measurement point 
Max  

(V/m) 

Average 

 (V/m) 

Max. Av.  

(V/m) 

1 Solarium 1 off, room RF field 0,94 0,04 0,08 

2 Solarium 1 on, around the unit 2,64 0,13 0,64 

3 Solarium 2 on, around the unit 0,49 0,05 0,05 

4 Solarium 1,2 and 3 on, the whole salon measurement 5,13 0,37 0,44 
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public exposure limits.  Results showed that ELF 

magnetic field measurement values also could be 

announced as safe. However when compared with the 

IARC’s threshold levels based on childhood leukemia 

epidemiologic studies (22), it can be seen that people 

are exposed to ELF magnetic fields higher than the 

limit. Studies on women in workplaces suggest breast 

cancer for long term exposures to 10 mG and higher. 

Magnetic field levels measured in this study are also 

in the order of breast cancer thresholds.   

The US Public Health Service states that UV 

radiation, including the use of sun lamps and sun beds 

are "known to be a human carcinogen” (24). An IARC 

Working Group has classified UV-emitting tanning 

devices as “carcinogenic to humans” (Group 1).  

Combined analysis of over 20 epidemiological studies 

shows that the risk of cutaneous melanoma is 

increased by 75% when the use of tanning devices 

starts before age 30. There is also sufficient evidence 

of an increased risk of ocular melanoma associated 

with the use of tanning devices. Studies in 

experimental animals support these conclusions and 

demonstrate that ultraviolet radiation (UVA, UVB, 

and UVC) is carcinogenic to humans. These findings 

reinforce current recommendations by the World 

Health Organization to avoid sunlamps and tanning 

parlours and to protect people from overexposure to 

the sun. 

A comprehensive meta-analysis concluded that the 

risk of cutaneous melanoma is increased by 75% when 

use of tanning devices starts before 30 years of age (). 

Additionally, several case–control studies provide 

consistent evidence of a positive association between 

the use of UV-emitting tanning devices and ocular 

melanoma (25).Therefore, the Working Group raised 

the classifi cation of the use of UVemitting tanning 

devices to Group 1, “carcinogenic to humans’’ (26).  

There is scientific evidence that each of the three main 

types of skin cancer, basal cell carcinoma (BCC), 

squamous cell carcinoma (SCC) and melanoma, is 

caused by UV exposure (27). Women who visited a 

tanning parlor at least once a month were 55% more 

likely to later develop melanoma than women who 

didn't artificially suntan. Young women who used sun 

lamps for tanning while in their 20s had the largest 

increase in subsequent cancer risk – about 150% 

higher than similar women who did not use tanning 

beds. Overexposure to ultraviolet radiation induces at 

least two common genetic mutations. Those include 

cyclobutane–pyrimidine dimers (CPDs) and 6–4 

photoproducts (6–4PPs) and their Dewar valence 

isomers (28). The mutation types generally differ 

between UVA and UVB light (29). The basal layer in 

human squamous tumors harbors more UVA than 

UVB fingerprint mutations: A role for UVA in human 

skin carcinogenesis. Mutant cells may die, or become 

cancerous, depending on which genes were mutated. 

While DNA repair enzymes can fix some mutations, 

they are not sufficiently effective, as demonstrated by 

the relation to cancer, aging and other types of 

persistent mutation and cell death. For example, 

squamous cell carcinoma is caused by a UVB induced 

mutation in the p53 gene (28). 

UVA light is clearly associated with increased skin 

aging and wrinkle production. This is because UVA 

penetrates the skin more deeply than UVB, and 

therefore causes damage on a deeper level. Most aging 

of skin is due to UVA rays destroying collagen and 

connective tissue beneath the superficial layer of the 

skin. UVB rays do not reach as far below the skin. 

Excessive exposure to UVA radiation has its risks, 

which may cause premature aging, including wrinkles, 

sunspots, and loss of skin elasticity (30). 

The European Union is discussing new regulations 

that would limit the amount of UVB allowed in 

tanning lamps and devices. The Province of Ontario, 

Canada, is also considering introducing regulations 

obliging tanning salons to post warning labels on the 

beds informing consumers of the risks of skin cancer 

due to indoor tanning. They are also considering 

imposing an age limit to indoor tanning, similar to 

present controls on alcohol and tobacco. 

In the United States, the maximum exposure time in 

most tanning beds is 20 minutes but varies from bed to 

bed. This is calculated by the manufacturer according 

to the amount of time needed to produce 4 MEDs 

(minimal erythemal doses). This is essentially 4 times 

the amount of UV that is required to produce a 

reddening on unexposed skin. A person would start 

with a much shorter session time and work their way 

to the maximum exposure time in about 4 weeks. 

Every tanning bed is required to have a 

"Recommended Exposure Schedule" on both the front 

of the tanning bed and in the owner’s manual. It must 

also list the original lamp that was certified for that 

particular tanning bed, and salon owners must replace 

the lamps with either the exact same lamp, or a lamp 

that is certified by the lamp manufacturer to be legally 

equivalent. Lamp replacement and salon compliance 

is regulated by the individual state in the USA, 

whereas the manufacturing and sale of new equipment 

is regulated by the federal government. 

Since many factors can change the performance of any 

given individual lamp, the United States Food and 

Drug Administration requires that every tanning bed 

model is certified separately, and lamps themselves do 

not have MED ratings. Lamps do have typical TE (or 

Time Exposure) ratings, but these are not used for 

certifying beds. Session times on beds can range from 

5 minutes to 20 minutes, depending on many factors. 

In 2010, an FDA panel recommended banning the use 

of tanning beds for people under 18 years old. 

In the United Kingdom anyone under 18 years of age 

will be banned from using sunbeds, as this legislation 

was passed by Parliament. 

Teaching reasonable behaviour is the supreme issue. 

Recommended protective measures in the order of 

their effectiveness are protection by adaptation of 
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behaviour, by clothes, sun hats and sunglasses as well 

as by sun creams. Children are the most important 

target group. With regard to UV tanning appliances it 

is recommended not to use artificial UV radiation for 

cosmetic purposes because of the related health risks. 

Conclusion 

There were many measurements; consultancy and 

education programmes have been carried out by Gazi 

Non-Ionizing Radiation Protection Center - GNRP 

since its foundation. A key element in linking the 

complexity of the radio frequency radiation exposure 

sources and patterns with the needs of epidemiology is 

a measure that is capable of monitoring individual 

exposure. GNRP prepares training programmes for 

workers and its work on the determination of 

occupational exposure levels is still on the way. To 

minimize the risk of adverse health effects, RF fields 

must be in compliance with the applicable guidelines. 

These are under the responsibility of governmental 

authorities, manufacturers and employers. Further 

studies using different configurations and methods 

will be very interesting. Many countries have now 

established occupational RF health protection 

standards or guidelines. Turkey has no occupational 

exposure limits yet. GNRP’s studies on establishing 

Turkey’s missing regulations are also on going. 
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Abstract 

Objective: Due to importance of essential oil composition of herbals the identification of essential oil 

composition of four umbelliferae were studied. 

Material and Methods: The chemical composition of the essential oils of dried aerial parts of Ferulago 

angulata, Anthriscus nemorasa, Astrodaucus orientalis, Pimpinella peregrina were analysed by GC and GC-

MS. 

Results: Forty eight, eighteen, fifty one and twenty components were identified representing 96.5%, 85.9%, 

91.4% and 90.1% of the oils, respectively. The main compounds of Ferulago angulata were -pinene 

(24.1%), -pinene (22.7%), -phellandrene (20.5%), - phellandrene (12.1%); the main compounds of 

Anthriscus nemorasa were -caryophyllene (23.6%), caryophyllene oxide (12.3%), -cadinene (12.1%), and 

trans pinocarveol (9.8%); the main compounds of Astrodaucus orientalis were -pinene (29.6%), -pinene 

(21.5%) and bicyclo(3.1.0)hex-2-ene (7.6%) 

Conclusion: The main constituents of Pimpinella peregrina trans-pinocarveol (35.1%), peregijerene (15.1%), 

-cubebene (12.4%), (+) Epibicyclosesquiphellandrene (7.5%), and -terpineol (6.7%) were determined. 

Keywords: Essential Oil, Chemotaxonomy, GC-MS, Ferulago angulata, Anthriscus nemorasa, Astrodaucus 

orientalis, Pimpinella peregrina 

 

Introduction 

The Apiaceae (formerly umbelliferae) is a large 

family of flowering and usually aromatic plants 

mostly growing in temperate areas. There are about 

300 genera and 3000 species of this family worldwide 

(1). This family includes some of the commonly used 

vegetables and medicinal herbs such as carrot, celery, 

fennel, dill, anise, parsley, Angelica, caraway, 

coriander etc. Members of Apiaceae usually possess a 

characteristic pungent or aromatic smell which is due 

to the occurrence of essential oil or oleoresin in their 

different organs (2). Therefore, volatile oils of 

Apiaceae plants have a wide application in 

aromatherapy (3). 

In the Flora of Turkey, the genus Ferulago is 

represented by 17 species (1). Ferulago angulata was 

divided into 2 subspecies by Chamberlain in 1987. 

The known subspecies distributed in Turkey is F. 

angulata subsp. angulata; subsp. carduchorum differs 

from subsp. angulata by having scabrid inflorescence, 

ovarium, and leaves (not glabrous or subglabrous) (4). 

The genus Ferulago W.D.J.Koch is represented by 50 

species worldwide, 32 of which are found in Turkey 

(17 species are endemic to Turkey).  

 

 

Since Ferulago was revised for the Flora of Turkey 

(5), 3 new species and 1 new record have been added 

to the Flora of Turkey (6-8).  

Ferulago angulata (Schlecht) Boiss is the common 

species of the genus distributed in the west and central 

parts of Iran. This plant grows in different areas of the 

word including Turkey, Greece, republic of 

Yugoslavia, Macedonia, Australia and Islamic 

republic of Iran. In Iran you can find it in the 

mountain in the west like Ariz in Sanandaj, Kooh 

Safid heights, Gere mountain in Chahar Mahale 

Bakhtiari and the most important source in the heights 

2800–3200 m from the sea surface in Dena, parts of 

south Zagros mountains (9). The species was reported 

from north Iraq and southeast of Turkey, as well. 

Chevil is the common name and “oluklu caksır” – 

Turkish name of this glabrous herb that reaches up to 

150 cm in height. The herbs and spices of Ferulago 

angulata are used as flavors and antioxidants in food 

industry for century (10-11).  The essential oil 

composition of Ferulago angulata (Schlecht) Boiss. 

(Apiaceae) aerial parts was determined. 

 

In folk medicine, different species of Ferulago has 

been used in Turkey and Iran as sedative, tonic, 

remedy of digestive panics, aphoristic properties and 
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haemorrhoids. Moreover, different parts of Ferulago 

species have been traditionally used against ulcers, 

snake bite and for treatment of headache and disease 

of the spleen (9, 12-13). Literature is available on the 

bioactivities of F. angulata. These reports indicated 

the cytotoxic, antioxidant and antimicrobial potentials 

of the plant extracts and essential oil and It is also 

used in perfume and cosmetic industries (14-16). 

The genus Anthriscus, commonly known as beaked 

chervil, beaked parsley, rough chervil, is one of the 

aromatic members of the Apiaceae family (17). The 

family of the Apiaceae is well known as a source of 

essential oils and a number of species are especially 

cultivated for it, like Pimpinella anisum L. and 

Anthriscus cerefolium L. Hofmm. (18).  

The genus Anthriscus (Apiaceae) is represented with 8 

species in Turkey flora. Anthriscus nemorosa (Bieb.) 

Sprengel is a perennial herb that grows in Europe and 

in parts of America, Africa, Asia and New Zealand 

(19-20). Anthriscus nemorosa is named local name 

“gımıgımı” (21).  It is reported that the plant parts are 

used in the preparation of the “otlu peynir” famous 

cheese around the Van province in Eastern Anatolian 

region (22). Some of Antriscus plants have been 

traditionally used by local people as herbal drugs. The 

dried root of A. sylvestris is used in Korean and 

Chinese traditional medicine for the treatment of 

various diseases (1). It is known as chervil. Chervil is 

used for culinary purposes, and in folk medicine, for 

inflammations, as depurative, diuretic and 

hypotensive. Extracts of chervil has possess 

antiinflammatory, antifungal, spasmogenic, 

spasmolytic activities, and negative inotropic effect 

(23). There is no more study on the essential oils of A. 

nemorosa in Turkey and there are two study from 

Serbia and Iran in the world. 

The genus Astrodaucus Drude is belonging to 

Apiaceae family that is represented with one species 

in Turkey flora (1). This study is the only species in 

the country of the genus Astrodaucus in Astrodaucus 

orientalis (L.) qualitative and quantitative composition 

of the essential oil of its kind in the drum, oil yield has 

demonstrated and economical aims to provide basic 

data on availability issues. 

Astrodaucus orientalis is named local name 

"Havyıldız" and it is an aromatic herb (10) It has 

potential of anticancer activity of A. orientalis extracts 

and one of its possible mechanisms of action on 

cancer cell antiproliferation (24). This aromatic plant 

is traditionally used as a salad, vegetable and a food 

additive in some parts of Iran and Turkey (25). 

Pimpinella is a member of the Apiaceae and 

comprises approximately 150 species distributed in 

the northern hemisphere (26). Pimpinella is 

represented in Turkey by 23 species (5 endemic), 2 

subspecies and 2 varieties, representing a total of 27 

(1).  This genus is well known for a number of 

medicinally and pharmaceutically important species, 

P. anisum being the most notable one (27).  

One important criterium for studying the oils of this 

genus is the fact that they contain C12 

sesquiterpenoids and phenylpropanoids with a unique 

structure and their biological activities may have 

potential for developing newagents for use in 

agriculture and medicine (27-28).  

The most widely known and cultivated Pimpinella 

species is like that Pimpinella anisum (Anis) fruits 

(Aniseed) have been used in Turkish folk medicine as 

carminative, appetizers, sedative, and agents to 

increase milk secretion (29).  

It is aimed that to determine the essential oils of the 

four species and compared with the genus patterns. 

The results also will be give some clues on the 

usability of the plant and essential oils for different 

purposes. 

Materials and Methods 

Plant Source 

Ferulago angulata, specimens were collected from 

natural habitats in Bitlis-Hizan; in 2014; Anthriscus 

nemorasa, specimens were collected in Bitlis-Hizan, 

in 2014; Astrodaucus orientalis specimens were 

collected in Elazıg-Harput, in 2014 and Pimpinella 

peregrina specimens were collected from Bitlis-

Hizan, 2014. Four voucher specimens were deposited 

in the Fırat University Herbarium (FUH) under 

registration numbers Hayta 4818, Hayta 4829, Hayta 

4835 and Hayta 4826 respectively.  

Extraction of the essential oil 

The essential oil was extracted by hydrodistillation 

using a modified Clevenger apparatus coupled to a 2 L 

round-bottom flask. A total of 100 g of fresh plant 

material (aerial parts) and 1 L of water were used for 

the extraction. The chemical analysis were performed 

in Firat University, Sci. Fac., Biology Deprt., Plant 

Products and Biotechnology Res. Lab. The extraction 

was performed over 3 hour period. Subsequently, the 

hydrolate was collected and centrifuged at 10,000 rpm 

for 10 minutes. The organic phase was removed with 

the aid of a Pasteur pipette, and subsequently 

transferred to an black coloured vials, wrapped in 

parafilm and aluminum foil and 4
o
C under 

refrigeration until analysis. The yields of oils were 

calculated on the basis of the dry mass. 

Gas Chromatographic (GC) Analysis  

The essential oil was analysed using HP 6890 GC 

equipped with FID detector and HP- 5 MS (30 m x 

0.25 mm i.d., film tickness 0.25 µm) capillary column 

was used. The column and analysis conditions were 

the same as in GC-MS expressed as below. The 

percentage composition of the essential oils was 

computed from GC-FID peak areas without correction 

factors. 

Gas chromatography / Mass spectrometry (GC-

MS) analysis 
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GC-MS analyses of the oils were performed on a 

Hewlett Packard Gas Chromatography HP 6890 

interfaced with Hewlett Packard 5973 mass 

spectrometer system equipped with a HP 5-MS 

capillary column (30 m x 0.25 mm id, film thickness 

0.25 μm). The oven temperature was programmed 

from 70-240
o
C at the rate of 5

o
C/ min. The ion source 

was set at 240
o
C and electron ionization at 70 eV. 

Helium was used as the carrier gas at a flow rate of 1 

mL/min. Scanning range was 35 to 425 amu. Diluted 

oil in n-hexane (1.0 μL) was injected into the GC-MS. 

The identification of constituents was performed on 

the basis of Retention Indices (RI) determined by co-

injection with reference to a homologous series of n-

alkanes, under identical experimental conditions. 

Further identification was performed by comparison 

of their mass spectra with those from NIST 98 

Libraries (on ChemStation HP) and Wiley 7th 

Version. The relative amounts of individual 

components were calculated based on the GC (HP-

5MS column) peak area (FID response) without using 

correction factors. The identified constituents of the 

essential oils are listed in Table 1. 

Results and Discussion 

The water distilled essential oil of the plant was 

analysed by GC, GC-MS system. In the result of 

analysis, forty eight compounds were identified 

representing 96.5% of the oils. The main compounds 

of Ferulago angulata were -pinene (24.1%), -

pinene (22.7%), -phellandrene (20.5%), - 

phellandrene (12.1%). Monoterpenes were the main 

class of essential oil of Ferulago angulata (ca. 80-

85%). The results has shown that the parts of the plant 

and essential oil may be used as natural product and 

food additive. α-phellandrene (24.2 %), β-

phellandrene (14.9 %), α-pinene (14.7 %) and 

pcymene (10.3 %) were the main components of the 

oils obtained from the Ferulago angulata in Iran (30). 

Similarly, in present analyses results showed that α-

phellandrene, β-phellandrene and -pinene were the 

major component of the essential oils from Turkey 

samples. 

In this study, hydro-distilled essential oils derived 

from the aerial parts of Anthriscus nemorosa (Bieb.) 

Sprengel grown in Turkey naturally were analysed by 

GC and GC-MS. The essential oil yield was 

determined as 0.2 (v/w). Among eighteen compounds 

identified (representing 85.9% of the total oil), the 

main components were:-caryophyllene (23.6%), 

caryophyllene oxide (12.3%), -cadinene (12.1%), and 

trans pinocarveol (9.8%). Essential oil analysis of the 

Anthriscus nemorosa has shown that it has -

caryophyllene chemotype from the Eastern Anatolian 

Region. Pavlovic et al. (2011) (31), found 62 

compounds in the roots of Anthriscus nemorosa 

identified (representing 89.0% of the total oil), the 

main components were: n-nonane (12.1%), n-

hexadecanol (6.9%), delta-cadinene (6.4%), beta 

pinene (6.0%) and germacrene D (5.4%). Our analysis 

results were not similar with this study findings, 

because of the absent of the major components (except 

delta-cadinene) in present samples. 

The volatile oil composition of Pimpinella peregrine 

L. (APIACEAE) were collected from the Bitlis. It is 

named as “El Anasonu” in Turkish. The essential oil 

were obtained by hydrodistillation in Clevenger-type 

apparatus, and chemical analyses were performed by 

GC and GC–MS. The essential oil yield was 0.3 (v/w), 

from the aerial parts of the Pimpinella peregrina. A 

total of 20 different compounds were identified 

representing 90.1% of the oils. The main constituents 

of Pimpinella peregrina trans-pinocarveol (35.1%), 

peregijerene (15.1%), -cubebene (12.4%), (+) 

epibicyclosesquiphellandrene (7.5%), and -terpineol 

(6.7%) were determined. The characteristic 

phenylpropanoids in Pimpinella oils, a number of 

other C12 sesquiterpenes such as geijerene and azulene 

were also present in considerable amounts (32-33). 

From a chemotaxonomic stand point, C12 

sesquiterpenes and phenylpropanoids are 

characteristic to the genus Pimpinella and are 

phytochemical markers for this genus that separates 

them from all the other Apiaceae investigated thus far. 

These components were detected in our samples. 

The composition, percentage and retention indices of 

components of the oil were listed in Table 1. The 

essential oil yield is 0.2 (v/w), from the aerial parts of 

the Astrodaucus orientalis. Fourty nine constituents 

were comprised the 91.4% of the total oil. The 

predominant compounds of Astrodaucus orientalis 

were determined as -pinene (29.6%), pinene 

(21.5%) and bicyclo(3.1.0)hex-2-ene (7.6%). Mirza et 

al. (2003) (34) reported that major components of the 

leaf oil were fenchyl acetate (44.5%) and α-pinene 

(21.6%) but the major constituents of the seed oil were 

myrcene (47.7%) and β-pinene (21.8%) from Iran. 

Present analysis results were similar with this study 

findings but the major constituents (myrcene and 

fenchyl acetate) were not detected in our samples. 

Overall, the essential oil composition was found to be 

similar for the different parts of the plant studied 

regarding the major monoterpenes (α-pinene and β-

pinene) and also minor monoterpenes between 

Astrodaucus orientalis and Ferulago angulata. 

However, many differences were determined among 

the other terpenic compounds. For the different parts 

analysed, α-pinene and β-pinene were found as major 

compounds in essential oils of Astrodaucus orientalis 

and Ferulago angulata but not in Anthriscus 

nemorosa and Pimpinella peregrina oils. Qualitative 

and quantitative differences were reported in these 

species essential oils reported and these may be due to 

the genetic, differing chemotypes, drying conditions, 

mode of distillation and/or extraction and geographic 

or climatic factors. 

http://europepmc.org/abstract/med/21425692/?whatizit_url_Chemicals=http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI%3A32892
http://europepmc.org/abstract/med/21425692/?whatizit_url_Chemicals=http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI%3A16125
http://europepmc.org/abstract/med/21425692/?whatizit_url_Chemicals=http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI%3A15385
http://europepmc.org/abstract/med/21425692/?whatizit_url_Chemicals=http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI%3A50025
http://europepmc.org/abstract/med/21425692/?whatizit_url_Chemicals=http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI%3A50025
http://europepmc.org/abstract/med/21425692/?whatizit_url_Chemicals=http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI%3A36743
http://europepmc.org/abstract/med/21425692/?whatizit_url_Chemicals=http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI%3A15385
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Table 1. Constituents of the essential oil from of four Apiaceae 

No Compounds RI F.angulato A.nemorosa A.orientalis P.peregrina 

1 Heptenal 850 0.1 - 0.1 - 

2 Hexenal 935 - - 0.1 - 

3 Bicyclo(3.1.0)hex-2-ene 1016 0.2 - 7.6 - 

4 -Pinene 1021 24.1 0.5 29.6 - 

5 Camphene 1034 0.3 - 3.3 - 

6 Verbenene 1038 - - 0.1 - 

7 Sabinene 1052 1.5 1.7 2.5 0.3 

8 -Pinene 1056 22.7 0.5 21.5 - 

9 -Myrcene 1065 2.4 - 3.5 - 

10 -Phellandrene 1077 12.1 0.4 - - 

11 -Terpinene 1085 0.1 - 0.1 - 

12 p-Cymene 1090 3.2 - 0.5 - 

13 dl-Limonene 1096 - - 2.7 0.1 

14 Cis-Ocimene 1097 - - 0.4 - 

15 -Phellandrene 1098 20.5 - - - 

16 -Ocimene 1107 0.5 1.0 0.1 0.2 

17 -Terpinene 1116 0.3 - 0.4 0.1 

18 p-Cresol 1128 0.1 - - 0.1 

19 -Terpinolene 1136 0.7 - 0.2 - 

20 Benzene-1-methy-4 1139 0.1 - - - 

21 Linalool 1146 - - - 0.1 

22 Bicylo[3.1.0] hex-2-one 1166 0.1 - - - 

23 Allo-Cymene 1170 - - - 4.0 

24 Trans-Pinocarveol 1177 0.2 9.8 - 35.1 

25 Trans-Verbenol 1180 - - 0.6 - 

26 2,5-Diethythiophene 1194 1.7 - - - 

27 Borneol  1199 - - - - 

28 3-Cyclohexen-1-ol 1203 0.3 0.8 0.7 0.6 

29 Ethanone  1207 - - -  

30 -Terpineol 1214 0.6 2.7 - 6.7 

31 Fenchyl acetate 1215 - - 5.3 - 

32 1,3-Cylohexadiene 1245 0.1 - - - 

33 Chrysanthenyl acetate 1251 - - 0.2 - 

34 Bornyl acetate 1280 - - 2.5  

35 Thymol  1286 0.5 - - 0.2 

36 2H-1-Benzopyran 1288 - - 0.2 - 

37 Peregijerene 1290 - 2.0 - 15.1 

38 Carvacrol 1293 0.2 - - - 

39 2,4-Decadienal 1310 - - 0.1 - 

40 -Longipinene 1343 - - 0.1 - 

41 -Cubebene 1358 - - 0.1 12.4 

42 Copaene 1360 0.1 - 0.6 - 

43 -Bourbonene 1364 - - 0.4 - 

44 [+]-Epibisesquiphellandrene 1367 - - 0.8 7.5 

45 Elemene 1369 - 4.2 - - 

46 Ethanone 1385 - - 0.1 - 

47 Caryophyllene 1391 0.1 23.6 0.3 - 

48 -Caryophyllene 1393 - - - 0.9 

49  -Elemene 1097 0.1 - - - 

50 -Farnesene 1399 - 1.0 - - 

51 -Cubebene 1401 0.1 - 0.1  

52 Trans--Farnesene 1416 0.1 - - - 

53 α-Humulene 1418 0.1 - 0.7 - 

54 Aromadendrene 1421 0.4 - - - 
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Abstract 

Objective: Diyarbakır and Batman are located in the south eastern region of Turkey. The distance between 

them is less than 100 km. Diyarbakir with a population of about 1,607,437, is the second largest city in 

Turkey's south-eastern Anatolia region. Also, Batman became a city in 1957 after the discovery of oil deposits 

starting in the 1940s which resulted in the Batı Raman Oil field, now the largest oil field in south-eastern 

Anatolia region & Turkey. The oil field caused a rapid and on-going population growth in Batman after its 

foundation. 

Material and methods: Diyarbakır and Batman cities, District Environment Circumstances Reports. 

Results: Regarding recycling, Diyarbakır recycles 13.74 % of the waste that is collected and for Batman the 

percentage is 19.8. Therefore, despite the fact that Diyarbakir shows more development for the amount of solid 

waste produced by the public Batman municipality is more effective in the manner of recycling 

Conclusion: This paper is focuses to “the Comparison of Analysis on Solid Waste and Effluent Water 

Management” applies to two of the largest cities in the south-eastern Anatolia region. 

Keywords: Batman, Diyarbakır, solid Waste, effluent water, waste management 

 

Introduction 

This paper, “Comparison of Analysis on Solid Waste 

and Effluent Water Management” applies to two of 

the largest cities in the south-eastern Anatolia region.  

According to Rajagopalan, V. (2000), Municipal Solid 

Waste, as known as Solid Waste, “includes 

commercial and residential wastes generated in a 

municipal or notified areas in either solid or semi-

solid form excluding industrial hazardous wastes but 

including treated bio-medical wastes;” [1] 

Solid waste in general is a variety of different types of 

waste which includes household waste, medical waste, 

hazardous waste, industrial waste and construction 

waste. In large districts such as Diyarbakır and 

Batman some sort of the wastes mentioned above are 

formed in huge quantities. This therefore means that if 

the wastes are collected from the source, recycling 

would be possible.  

It is quite important to collect, transfer and store the 

wastes properly because a failure to do so will cause 

health and environmental problems both in short and 

long term. In this paper for both of the districts, we 

have conducted research that analyzes how the wastes 

are collected from the source, what kind of procedures 

are used to transfer and the type of storage that is used 

for the wastes. Also, if any of these steps are not 

operated according to the international and national 

standards; what are the reasons and how might they be 

fixed?  

Apart from collection, transfer and storage of the 

wastes, it is as much as important to raise a public 

awareness of how to reduce the amount of waste that 

is produced and make it more efficient for 

municipality to manage the wastes. Considering that 

the education level in the south-eastern Anatolia 

region is not as high as some of the other regions of 

Turkey, the response of the public regarding the 

mentioned subjects is quite important to be observed 

and improved. Otherwise environmental pollution will 

be inevitable.  

Effluent water is result of activities that include water 

such as washing, bathing, industrial use of water, 

rainfalls and etc. Considering that water famine is a 

rising issue currently, it is potentially a lethal issue 

that needs to be handled very well. Sewage treatment 

is possible in different ways which are chemical, 

biological and physical treatment. If contaminants are 

dismissed on a high aperture, then it is possible to re-

use the water. If the level of contaminants is not 

reduced enough, then only water will be ready for 

disposal. The result of the bioassay (Biological 

Assessment) experiment will show if the water is 
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ready to be re-used since the experiments are 

conducted to measure the effects of a substance on a 

living organism and are essential in the monitoring 

environmental pollutants. 

Both Batman and Diyarbakir have sewage treatment 

centers and we will display their efficiency, the 

producers and systems that are used in them according 

to our collected data. The centers are in control of the 

municipalities and we will reveal our analysis on 

whether or not the centers are operated to clean the 

water to an acceptable degree. If not, what 

municipalities can do to clean the water to an 

acceptable degree? Also, the possibilities of 

improvement gaps will be mentioned and explained 

for both of the facilities.  

Material and Methods 

Solid waste in general is a variety of different types of 

waste which includes household waste, medical waste, 

hazardous waste, industrial waste and construction 

waste. 

In this research, district Environment Circumstances 

Reports of Diyarbakır and Batman cities were used for 

analysis. 

Results and Discussion 

In large districts like Diyarbakır some of the wastes 

that are mentioned above are produced in huge levels. 

Considering hazardous waste, the area is not a top 

priority to be examined since the sources of activities 

that consume hazardous waste in Diyarbakır are 

nearly zero. However household waste, medical 

waste, industrial and construction waste are important 

to be managed efficiently for the sake of environment. 

For both Diyarbakır and Batman the percentage of the 

types of solid wastes are shown in Figure 1 and 2 

accordingly.  

1. Household waste: 

The household waste is consistent of different parts; 

packages, plastic bags and bottles, paper based 

products, etc.  

Diyarbakır has a population approximately 1,607,437 

and this population daily produces about 750-ton solid 

waste. The %90 percent of this waste comes from 

household activities.  

Batman has a population approximately 348,996 and 

this population daily produces about 950-ton solid 

waste. The %90 percent of this waste also comes from 

household activities. It is also important to mention 

that the oil company manages its own waste, hence, 

the difference does not depend on the oil related 

activities.  

The difference in amounts between Diyarbakır and 

Batman is a result of development difference between 

the cities. Diyarbakir having more population and 

producing lower amount of solid waste proves that the 

public is more aware of environmental problems 

regarding solid waste. 

 

 

Figure 1: The types of solid wastes in Diyarbakır 

 

 

Figure 2: The types of solid wastes in Batman 

 

2. Other types of wastes: 

Considering cities like Diyarbakır and Batman 

medical wastes among other sorts of solid wastes are 

the most significant because industrial and hazardous 

wastes are not produced at huge levels, hence, there is 

not many possible actions or cautions to be taken for 

reducing or managing those types of wastes. However, 

Diyarbakır with yearly about 1394.16-ton medical 

waste production and Batman with yearly about 
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338.114-ton medical waste production are two of the 

leading districts in southeastern region of Turkey.  

Therefore, the storage of these wastes, collection and 

transportation of them, also disposal or recycling of 

the medical wastes are important.  Both of the city 

municipalities work with a private company to collect, 

transport and sterilize the medical wastes. Also, 

during our research, we have asked several employees 

and they confirmed that sometimes some firms are 

mixing medical waste into the household solid waste 

for avoiding the extra cost of it. Yet, both of the 

municipalities do not have any information about the 

amount of medical wastes mixed with household 

wastes.  

Regarding construction wastes, districts like 

Diyarbakır and Batman are also leading in the 

southeastern region of Turkey since they are lead 

growing cities in the area there is an ongoing 

construction process in large areas every year. The 

construction wastes are transported to the chosen areas 

in both cities. There are not any available data on the 

amount of these wastes. More importantly, there is not 

any management plan for recycling or disposing them.  

Below, the amounts of collected wastes are shown in 

charts taken from “Diyarbakır District Environment 

Circumstances Report” and “Batman District 

Environment Circumstances Report” for both 

Diyarbakır and Batman as Table 1.  

 

Table 1: The summary waste production of 

Diyarbakır and Batman Regions 

  Diyarbakır Batman 

Population 
Summer 963,457 348,996 

Winter 963,457 348,993 

Approximate 

Amount of 

the Solid 

Waste that is 

collected  

(ton/day) 

Summer 740 441 

Winter 765 470 

Solid Waste 

produced per 

person 

Summer 0.71 0.72 

Winter 0.71 0.8 

Waste 

Composition 

(Yearly %) 

Organic 60.5 50.6 

Paper 5.01 3.3 

Glass 0.94 2.1 

Metal 0.58 2.1 

Plastic 7.21 12.3 

Ash 25.57 29.6 

 

 

 

 

Collection and Transportation of Solid Wastes:  

1. Collection: 

For both of the cities, the household wastes from the 

apartments are usually collected by apartment 

doorkeeper and is transferred to a container. Residents 

of the apartments which do not have a doorkeeper 

transfer their waste to a container by themselves.  

There are two types of containers available in the 

districts; underground and on ground metal containers.  

There could always be trash around the containers 

whether if the container is full or not. (Figure 3, 4.) 

Also, following problems apply to the both cities as 

well. To start with, both the doorkeepers and residents 

do not have a manner or transferring their solid waste 

to the containers on a regular basis. Therefore, 

randomized transfer act creates a problem for workers 

that are responsible for collecting the waste from 

containers and transferring them to the storage area 

since they cannot constitute an effective working 

schedule because most of the areas needs to be visited 

more than once a day. Due to being not able to 

optimizing work load sometimes containers get full 

and trash takes place around them and this pollutes the 

area and if rain falls the water gets polluted as well. 

Apart from over loading of the containers, sometimes 

even if the container does not get full, yet the solid 

waste stored inside the container stays there for a long 

interval of time then the bacteria production starts and 

this is also dangerous for the environmental health. 

Add to this, some street animals also feeds themselves 

from the trash containers when there is a trash around 

the containers and considering their interaction with 

the environment it is another health issue for the 

public.The difference for the medical waste collection 

is that since medical waste is produced by 

organizations and stored in a different container, 

collection process is more organized since there is a 

pattern followed by both the institutions and the 

municipality. 

 
Figure 3: Waste container type 2 
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2. Transportation:  

Both of the municipalities have their own 

transportation vehicles and these vehicles are being 

used to collect the wastes and transport them to the 

storage area. The types of vehicles used for medical 

waste and household waste transportation are 

different. Considering construction wastes, companies 

operating the construction transports the wastes 

separately with their own vehicles. 

 

Disposal and Recycling of Solid Waste: 

1. Disposal: 

Both of the cities use hazardous storage areas. 

Although this method is not quite effective and will 

eventually result in pollution, it has been an ongoing 

method for many years for the cities.  

The good aspect of this problematic method for the 

cities is that they have a management plan for the 

hazardous storage; hence, water contaminated by the 

waste does not directly go to the underground. Also, 

the gas levels produced by the waste are under control. 

Therefore, although the method used is not the most 

efficient one at least it is being used efficiently.  

2. Recycling: 

Regarding recycling, Diyarbakır recycles 13.74% of 

the waste that is collected and for Batman the 

percentage is 19.8%. Therefore, despite the fact that 

Diyarbakir shows more development for the amount 

of solid waste produced by the public Batman 

municipality is more effective in the manner of 

recycling.  

If both of the cities apply fully applied decomposition 

of the materials that are collected from solid waste 

containers, yearly solid waste amount will increase up 

to 19.78% and for Batman the percentage will be 

33.9%. Therefore, reduction in solid waste capacity 

will result in less environmental pollution and also 

lower financial costs. However, both of the cities do 

not apply full capacity decomposition.  

Solid Waste vs. Technology: 

The connection between solid waste and technology 

takes an important part in the solid waste management 

as well. First of all, as technology evolves and 

improves, hence, standard life quality of humankind 

enhances accordingly, as well as word globalizes more 

which makes for people to reach all sorts of products 

all around the globe easier thus consuming culture 

takes a wider impact on the human daily life which 

results as more production of the solid waste and other 

types of wastes. This results as polluting the 

environment and natural resources. However, there is 

a vice-versa effect of technology on the matter of solid 

wastes since with the evolving technology 

management, disposal and recycling of solid wastes 

are far more improved and easier if the technology is 

used efficiently. Not that it means in every society 

these variations of technology are used properly, even 

worse without the proper conscious level usually lacks 

using technology for the matters mentioned above and 

therefore technology’s impact on solid waste is one 

way; for environmental pollution. 

 

Effluent Waste comparison of Diyarbakir and 

Batman: 

a. Diyarbakır: 

In Diyarbakır there is a physical effluent water 

treatment center. Yearly capacity of the center is 

61.000.000 m3 and last year 31.276.000 m3 is treated.  

There is a still continuing construction of a biological 

effluent water treatment center in Diyarbakır. The 

approximate cost for the project is 78.800.000 Euro. 

Since biological centers for treating water is the most 

effective, after the compilation of the center, bioassay 

levels for the treated water will be better compared to 

the physical center’s results. Below you can see the 

photographs of the construction area for the center in 

Fig. 4 and 5. 

 
Figure 4: Diyarbakır biological water treatment 

facility 

 

There is also a physical effluent water treatment center 

in Batman. Yearly capacity of the center is 22.265.000 

m3 and last year 14.636.500 m3 is treated. 
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Figure 5: Diyarbakır biological water treatment open-

air facilities 

 

There are not any other ongoing projects in Batman 

for the effluent water treatment. Also, seeing that 

physical effluent water treatment already reached 75% 

of its full capacity and considering the population of 

the district is increasing day by day and the 

development of the district is still rapid it is fair to say 

Batman needs a future plan for water treatment.  

Discussion 

Both Diyarbakır and Batman stores their solid waste 

with hazardous storage method. This results 

negatively for both human health and environmental 

health. Since Diyarbakır has a wider living area and 

more concentrated population, the resolution 

regarding solid waste management and effluent water 

management should be enhanced prior to Batman for 

Diyarbakır. Not that Batman should be neglected; 

rather there is a need for a resolution regarding 

Batman as well.  

The public awareness should be raised in order for 

people to react against solid waste carefully. This will 

also help to reduce responsibility and financial 

liabilities for the governing buddies.  

Solid waste collection, transportation and disposal / 

recycling costs must be reduced by better management 

and planning with the help of the public. Also by 

reducing the produced solid waste and effluent water 

the damage for humanity and environment must be 

reduced as well. By this we can offer a better future 

for the youth.  

 

 

 

Conclusion 

For industrial wastes and hazardous wastes, the 

governing powers should have a better observation 

organization. Also the company owner should be 

informed about how to reduce, store and transfer these 

sorts of wastes. 

Finally, by applying an efficient recycling policy we 

can re-use the solid waste, hence, our damage against 

the environment will be lowered. 
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