
Gas chromatography and mass 

spectrometry methods to analyze 

POPs 



Importance of POPs determination 

 In line with different International agreements ca. 60 chemical 
compounds are in the lists of substances whose distribution is 
restricted and control of whose content in environmental objects is 
mandatory.  Those are: the ‘dirty dozen’ (aldrin, endrin, dieldrin, mirex, 
DDT, hexachlorobenzene, heptachlorine, toxaphene, chlordan, 
polychlorinated biphenyls,  dibenzo-п-dioxins and dibenzofurans), as 
well as 16 priority polycyclic aromatic hydrocarbons (PAHs) and 
six phthalates.   
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Polycyclic aromatic hydrocarbons 
The PAHs are wide-spread pollutants of the environment having carcinogenic, 
mutagenic, teratogenic and hepatotoxic impact. They can accumulate in lipid 
tissues of living organisms and cause different dangerous diseases. 
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Organochlorine pesticides and PCBs 
The most important group of ecotoxicants comprises organochlorine pesticides 
(OCPs) and polychlorinated biphenyls (PCBs), which are highly toxic, 
significantly persistent in the environment and have cumulative effect. Their 
peculiarity is carcinogenic and mutagenic impact on living organisms.  
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Structure of bottom sediments 
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Methods of POPs extraction from hard samples 

 Soxhlet extraction (requires much expensive solvents and much 
time) 

 

 Ultrasonic extraction (low level of extraction) 

 

 Supercritical fluid extraction (requires expensive carbon dioxide of 
high purity and unique equipment) 

 

 Accelerated liquid extraction (requires expensive extraction 
equipment) 

 

 Microwave extraction (requires expensive extraction equipment; 
degradation of some PAHs during extraction could happen) 
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Purification of extracts from sulfur and sulfur-containing 

compounds 

 An important problem of POPs determination in bottom 
sediments (especially the Black Sea sediments) is 
purification of extract from sulfur and sulfur-containing 
compounds. There are 3 main ways of extract treatment in 
the world: 

 

 – with metal mercury 

 

 – with activated element copper 

 

 – with pyrogenous copper 
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Mass-chromatograms of extracts of bottom sediments: non-

purified (А) and purified (Б) from sulfur and sulfur-containing 

compounds 
А                                            
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Б                                            



Schemes of POPs determination in water, 

sediments and biota 
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      Water                               Sediments and biota 



Gas chromatograph-mass spectrometer 

Agilent 7890A/5975C  
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Gas chromatograph Agilent 7890A  
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Principle of gas chromatograph-mass 

spectrometer work 
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Principle of ECD-detector work 
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Electron Capture Detector (ECD). Electrons from radioactive source are used to ionize the gas and form electrons with very 

low energy in detector cell. Some compounds with high electron affinity (halogen containing derivatives, highly conjugated 

molecules) could capture these electrons and give negative ions, which are much less mobile than electrons and react with 

positive ions much quicker. Bearers of charge in detector cell are periodically collected. The appearing current decreases 

with the increase in eluent of concentration of the compounds with electron affinity. The current is the measure of those 

compounds’ concentration in sample. 



Conditions of GS-MS determination of priority POPs 
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Column HP-5MS (30 м·0,25 мм·0,25 мкм) 

Injector PTV 

Injector mode Solvent vent 

Volume of 

injection 

10 ul 

Injector temperature program 

1st temp 40 °С 

Ramp 0,5 min 

Speed temp 700 °С/min 

2 nd temp 350 °С 

ramp 2 min 

Fin temp 300 °С 

Oven temperature program 

1st temp 40 °С 

Ramp 4 min 

Speed temp 20 °С/min 

2 nd temp 120 °С 

ramp 1 min 

Speed temp 7 °С/min 

Fin temp 280 °С 

ramp 20 min 

GC-MS conditions 

Interface 

temperature 

285 °С 

EI source 230 °С 

Ionization type EI, 70 eV 

Data accusion SIM 



Characteristic ions of PAHs 

(mainlib) Benzo[a]pyrene
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Compound 
Ion for calculation 

m/z 

Additional ions 
m/z 

Naphthalene 128 127; 129 

Acenaphthalene 152 153; 151 

Acenaphten 154 153; 152 

Fluorene 166 165; 167 

Phenantren 178 176; 179 

Antracene 178 89; 179 

Fluoranten 202 203; 101 

Pyrene 202 203; 101 

Benz(а)antracene 228 229; 114 

Chrysene 228 229; 114 

Benz (b)fluranthene 252 253; 126 

Benz (k) fluranthene 
252 

253; 125 

Benz (а)pyrene 
252 

253; 126 

Indeno(1,2,3-сd) pyrene 276 138; 227 

Dibenzo(а,h)antracene 278 139; 279 

Benz (g,h,i)perylene 276 138; 277 


