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Marmara Research Center
• established in 1972

• carries out researches on Energy, Environment, Food, Genetic Engineering 
and Biotechnology, Chemical Technologies, Materials, Earth and Marine 
Sciences through its 7 affiliated institutes.

• translates scientific knowledge into practical and implementable solutions 
for end-users in the sectors and beyond. 

• offers original solutions to public, private and military agencies and 
institutions.

• performs its operations in “TÜBİTAK Gebze Campus” in the City of Kocaeli. 

ABOUT TUBITAK
The Scientific and Technological Research Council of Turkey (TUBITAK) is the
national  science agency.
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• In 2000 the European Community issued a directive “to establish a framework 
for the protection of inland surface waters, transitional waters, coastal waters 
and groundwater”.

• This was amended and modified by further directives in 2008 (33 priority
pollutants).

• In 2013, a new Directive, 2013/39/EC, amended the Directives 2000/60/EC and 
2008/105/EC as regards priority substances in the field of water policy. Newly 
identified substances were added, including the setting of environmental 
quality standards (EQS), and EQS of some existing substances were revised (45 
priority pollutants).

• The major aim of the WFD is to reach good water quality in all European
waters by managing water bodies, i.e., lakes, rivers, groundwater bodies,
transitional waters and coastal waters by 2027 at the latest.

ABOUT WATER FRAMEWORK DIRECTIVE
.  



• As a candidate for EU membership, Turkey has conducted studies on determination 
of specific pollutants between 2011 and 2015. In this scope, firstly, list of candidate 
pollutants were prepared based on the field studies, questionnaires and literature 
surveys. 

• Different prioritization methods were then applied for candidate chemicals 
considering hazard characteristics, exposure levels and production/use patterns of 
the substances. 

• In  addition  to  prioritization  scores,  results  of  chemical  monitoring  studies were  
taken  into  consideration  for  the  identification  of  final  specific pollutants,  as  
well. The  chemicals  detected  at  significant concentrations in surface waters were 
also designated as specific pollutants although their prioritization scores were lower. 

• Specific pollutant list includes heavy metals, polychlorinated biphenyls, halogenated 
organics, endocrine disrupters, aromatic hydrocarbons and pesticides.

• Finally, 117 point sourced and 133 non-point sourced specific pollutants were 
designated with their national EQSs in 2016 August.

TURKISH REGULATION ON THE MANAGEMENT OF 
SURFACE WATER QUALITY



• SBSE is able to extract and preconcentrate  the desired 
compounds from liquid matrices without using solvents. 

• SBSE has been applied successfully to trace analysis of 
environmental samples for the determination of volatile and
semi-volatile components.

• SBSE was developed in 1999 by Sandra and co-workers and 
commercialized under the name as Twister®.

• A typical SBSE unit (Twister®) simply containing glass, stir bar 
and  polydimethylsiloxane (PDMS) polymeric phase. 

WATER SAMPLE EXTRACTION 

STIR BAR SORPTIVE EXTRACTION (SBSE)
.  



Introduce Twister into water

Stirring extraction (2 h)

Take Twister out                 

Rinse it with distillated water

Dry it with clean wipes         

Introduce into a desorption tube

Put the Tube into autosampler

Thermal desorption

Run Analysis (23.5 min)

SBSE Protocole



Method Development Studies with Twister
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Method Development Studies with Twister
• Dioxin/Furan, dl-PCB, m-PCB analysis in single injection

• Organotins analysis by derivatization (sodium tetraethylborate (NaBEt(4))

• Short Chain Chlorinated alkanes C10-13

• Multi-residue method for the analysis  of 110 EDCs 



Thermal desorber

MSMS detector

Cooling system

Autosampler

CIS

Analytical System



GC/MSMS METHOD PARAMETERS
Rate (oC/min) Value (oC) Hold Time (min) Run Time (min)

Initial Temp 50 50 1 1

Ramp I 40 170 0 4

Ramp II 10 315 5 23.5

Column HP 5 Ultra Inert 30 m x 250 µm x 0.25 µm

Flow (mL/min) 1.7

Pressure (psi) 19.4

Average Velocity (cm/sec) 34.5

Holdup Time 1.4494

Total Flow (mL/min) 38.7

Split Ratio 20:1

Dynamic Multiple Reaction Monitoring (dMRM) 

as an acquisition tool in MSMS system enable 

us to make Easier Method maintenance and 

Better performance also efficiently 

quantitate/screening more than 100 targets in a 

single run. Using dMRM within retention-time

window is easily scheduled than MRM even 

retention time shifts.



TDU Parameters

Initial

Initial Temp (oC) 40

Delay Time (min) 0.50

Initial Time (min) 0.50

Ramp I

Rate (oC/min) 720

End Temp (oC) 300

Hold Time (min) 5

Transfer Temp (oC) 310

Desorption mode Split

CIS Parameters

Initial

Initial Temp (oC) -20

Equlibr. Time (min) 0.10

Initial Time (min) 1

Ramp I

Rate (oC/sec) 12

End Temp (oC) 310

Hold Time (min) 5
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Compound name Precursor ion Product ion Retention time (min) Average Dwell (min)

1 Nitrobenzene 123 77 3,119

2 Tridecane 71,2 43,1 3,547

3 2,6 dimethyl phenol 107,1 77,1 4,026

4 Naphthalene 128,1 102,1 4,381

5 Chloroaniline, 4- 127 100 4,493

6 Dichlorvos 187,1 93 4,63

7 4chloro 3methylphenol 142 107 4,834

8 1,2,4,5 tetrachlorobenzene 216 180,9 5,094

9 Dichlobenil 171 136,1 5,169

10 Biphenyl 154,1 153,1 5,33

11 p-1,1 dimethylpropylphenol 135,1 107,1 5,337

12 Chloronaphthalene, 2- 162 127,1 5,389

13 Diphenylether 170 142 5,434

14 Methylnapthalene, 1- 142,1 141,1 5,434

15 2,6 ditersiyer butylphenol 191,2 163,2 5,604

16 2amino4chlorophenol 143 114,1 5,733

17 Demeton-O 171 115 5,796

18 Acenaphthylene 152,1 126 5,829

19 Terbutyl 4methoxyphenol 180 165 5,846

20 Acenaphthene 154,1 127 6,038

21 Pentachlorobenzene 251,9 217 6,195

22 Diethyl phthalate 177 149 6,511

23 2,4,6 tri tert butylphenol 247,2 231,3 6,559

24 t-octyl phenol 135 107 6,605

25 Fluorene 166,1 165,1 6,68

26 Tecnazene (TCNB) 260,9 203 6,699

27 Pentachlorotoluene 277 157 6,731

28 Benzothiazole-2-methylthio 181 148,1 6,733

29 1chloro 24dinitrobenzen 110 83,7 6,738

30 Diphenyl amine 169 168,2 6,771

31 Ethalfluralin 315,9 275,9 6,933

32 Trifluralin 305,9 264 7,035

33 Di isobutyl adipate 129 111 7,042

34 Bromodiphenyl ether 250 141 7,308

35 Thiometon 158 125 7,445

36 Dimethoate 124,9 47 7,487

37 BHC-alpha 218,9 183 7,503

38 Hexachlorobenzene 283,8 248,8 7,532

39 Nonyl Phenol Branched 107 77 7,6

40 4-Octyl phenol 206 107 7,709

41 Benzyl benzoate 212 167 7,821

42 BHC-beta 218,9 183,1 7,878

43 BHC-gamma (Lindane) 218,9 183,1 7,997

44 Diazinon 199,1 135,1 8,025

45 Demeton-S 171 115 8,075

46 Phenanthrene 178,1 152,1 8,183

47 Anthracene 178,1 152,1 8,263

48 Tefluthrin, cis- 197 161,1 8,271

49 Chlorothalonil 263,8 229 8,327

50 BHC-delta 219 183,1 8,345

51 4-Nonyl phenol 220 107 8,526

100 Dieldrin 277 241 11,481

101 Nitrofen 282,9 253 11,607

102 Chlorfenapyr 327,8 246,8 11,652

103 Benzo-a-fluorene 216 215 11,727

104 Endrin 316,7 280,8 11,883

105 DDD-pp 237 165 11,954

106 2,3',4,4',5-Pentachlorobiphenyl (BZ #118)327,9 255,9 11,991

107 DDT-op 237 165 12,024

108 Endosulfan II (beta isomer) 206,9 172 12,025

109 PBDE-28 407,9 248,1 12,07

110 DDD-p,p' 236,9 165,2 12,131

111 Endrin aldehyde 278,9 242,9 12,358

112 2,2',4,4',5,5'-Hexachlorobiphenyl (BZ #153)361,9 289,9 12,375

113 Butylbenzyl phthalate BBP 149 121,1 12,51

114 DDT-pp 237 165 12,601

115 Endosulfan sulfate 273,8 238,9 12,767

116 DDT-p,p' 237 165,2 12,781

117 2,2',3,4,4',5'-Hexachlorobiphenyl (BZ #138)361,9 289,9 12,866

118 Diflufenican 266 246,1 12,886

119 Piperonyl butoxide 176,1 131,1 12,955

120 Bromopropylate 185 157 13,471

121 Endrin ketone 316,8 280,7 13,6

122 Benz-a-anthracene 228,1 226,1 13,646

123 Chrysene 228,1 226,1 13,735

124 Methoxychlor, p,p'- 227 212,1 13,765

125 Bis(2-ethylhexyl) phthalate DEHP 167 149 13,963

126 2,2',3,4,4',5,5'-Heptachlorobiphenyl (BZ #180)395,8 325,8 14,024

127 PBDE-47 485,7 325,7 14,091

128 Azinphos methyl 160 132,1 14,149

129 Bifenox 340,9 309,9 14,478

130 Metrafenone 394,8 364,8 14,864

131 Permethrin 183,1 168,1 15,257

132 Bis 2ethylhexyl terephthalate 149 121,1 15,378

133 Di-n-octyl-phthalate DnOP 149 93 15,382

134 PBDE-100 563,6 403,7 15,606

135 Cyfluthrin I 162,9 127 15,785

136 Benzo-b-fluoranthene 252,1 250,1 15,988

137 Cypermethrin 181,2 152,1 16

138 PBDE-99 565,6 405,6 16,012

139 Benzo-k-fluoranthene 252,1 250,1 16,038

140 Benzo-e-pyrene 252,1 250,1 16,508

141 Benzo-a-pyrene 252,1 250,1 16,62

142 Perylene 252,1 250,1 16,763

143 PBDE-153 643,6 483,6 17,204

144 PBDE-154 643,6 483,6 17,758

145 Benzo-ghi-perylene 276,1 274,1 18,678

146 Dibenz-ah-anthracene 278,1 276,1 18,754

147 Indeno-123-cd-pyrene 276,1 274,1 19,166

148 PBDE-183 723,8 563,8 19,605

50 BHC-delta 219 183,1 8,345

51 4-Nonyl phenol 220 107 8,526

52 Musk Xylene 282 265 8,72

53 Dimethenamide 230 154,1 8,778

54 Vinclozolin 212 172,1 8,802

55 2,4,4'-Trichlorobiphenyl (BZ #28) 258 188 8,866

56 PBDE-17 407,9 248,1 9

57 Tolclofos Methyl 265 250 9,043

58 Heptachlor 273,7 238,9 9,16

59 Terbutryn 241,1 170,2 9,19

60 Dicofol 139 111 9,193

61 Fenitrothion 277 260 9,269

62 Dibutyl phthalate 149 121 9,3

63 Parathion-methyl 262,9 109 9,331

64 Malathion 172,9 99 9,415

65 2,2',5,5'-Tetrachlorobiphenyl (BZ #52) 291,9 221,9 9,422

66 Chlorpyrifos 313,8 285,8 9,623

67 Parathion-ethyl 154,9 125 9,64

68 Aldrin 262,9 192,9 9,747

69 4 Bromodiphenyl ether 328 168 9,808

70 Dichlorobenzophenone, 4,4'- 141 113 9,838

71 3,6 dimethylphenanthrene 206 191 9,863

72 Bromophos ethyl 330,8 315,8 9,941

73 PBDE-15 330 221,1 9,946

74 Fenthion 278 169 10

75 Isodrin 195 123 10,08

76 Irgarol 238,2 182,1 10,149

77 Aminoazobenzene, 4- 197 92 10,234

78 Heptachlor endoepoxide cis 352,8 281,8 10,25

79 Chlorfenvinphos 322,8 266,8 10,31

80 Heptachlor endoepoxide trans 288,8 252,8 10,32

81 Dinobuton 211 163 10,383

82 Procymidone 96 67,1 10,481

83 Fluoranthene 202,1 152,1 10,505

84 Heptachlor exo-epoxide (isomer B) 354,8 264,9 10,513

85 Captan 151 80 10,522

86 Chlordane cis 372,9 265,9 10,651

87 Bromophos methyl 358,7 302,8 10,657

88 DDE-op 317,8 246 10,702

89 2,2',4,5,5'-Pentachlorobiphenyl (BZ #101)327,9 255,9 10,905

90 Chlordane trans 372,8 265,8 10,908

91 Pyrene 202,1 175 10,964

92 Quinoxyfen 306,8 237 10,971

93 Aclonifen 264,1 194,2 10,98

94 Endosulfan I (alpha isomer) 194,9 160 11,048

95 Bisphenol A 228 119 11,12

96 DDE-pp 317,8 246 11,23

97 Prothiophos 308,9 238,9 11,26

98 DDD-op 237 165 11,388

99 DDE-p,p' 317,8 246 11,397

100 Dieldrin 277 241 11,481



VALIDATION STUDIES

Validation of analytical procedures is the process of determining the suitability of a 

given methodology for providing useful 

J. Guerra, Pharm. Tech. March 1986

Validation is the formal and systematic proof that a method compiles with the 

requirements for testing a product when observing a defined procedures. 

G. Maldener, Chromatographia, July 1989

The method fully validated according to ISO 17025.
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VALIDATION STUDIES
17

Linearity

Selectivity

Detection limit (LOD) and Quantitation limit (LOQ)

Repeatability

Reproducability

Matrix Effects



RESULTS OF LINEARITY AND WORKING RANGE 

CORRELATION % PERCENT

> 0,999 70%

0,995-0,999 23%

0,990-0,995 19%

< 0,990 4% 

y = 1,0066x

R² = 0,9988

0,0

100,0

200,0

300,0

400,0

500,0

600,0

0 200 400 600

LINDANE

Working range;
1- 2-5-10-20-50-100 ppt

Working range;
1- 2-5-10-20-50-100 ppt
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STUDY OF QUANTITATION LIMIT (LOQ)

LOQ %

<1 ppt 35%

1-5 ppt 48%

5-10 ppt 8%

10-20 ppt 5%

> 120 ppt 20%

19
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VALIDATION STUDY COMPARISON OF CHEMICAL GROUPS
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CHEMICAL 

SUBSTANCES

NUMBER OF 

PARAMETRES 

LOQ RANGE 

(ppb)

RSD RANGE 

(%)

RECOVERY RANGE 

(%)

UNCERTAINTY 

(%)

PCB 7 0.04-11 2-10 99-102 18-27

Phenol 4 0.03-0.66 2-14 101-108 18-33

PAH 22 0.17-7.1 2-17 89-127 18-38

PBDE 11 0.55-8.25 3-20 96-101 19-44

OCL 34 0.07-16.5 1-35 97-126 18-44

Pesticides 36 0.02-33 2-32 95-131 18-49



• Aim of this work was meet the requirements of EWFD chemical pollutants list analysis in 
routine laboratories to accomplish with SBSE GC/MSMS technique.

• Twister® was used for analytes enrichment from 100 mL water samples. 

• Compounds were thermally desorbed and separated by GC/MSMS

• The analysis method was comprehensively validated 

• The method includes various endocrine disruptor compounds included in the WFD, such as 
polychlorinated biphenyls, polycyclic aromatics hydrocarbons, polybrominated diphenyl
ethers, phenols, phthalates and pesticides etc. 

• The method is also applicable to the analysis of similar contaminants that are not in this 
list. 

• The SBSE which is quick, easy, solventlessly, lab friendly is taken totally two hours. 

• The quantification limits (LOQs) obtained ranged from 0.12 to 50 ppt

• Precision (in terms of RSD) was lower than 40%, recoveries ranged between 40 and 120%, 
and determination coefficients were higher than 0.990 for all analytes.

RESULTS
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